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NOTICE TO AUTHORS 


1, Forwarding Address. Papers intended for publication in 
the JouRNAL or CuEemicaL Epucation should be submitted to 
WiuuraM F. Kierrer, Editor, College of Wooster, Wooster, Ohio. 


2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced with 2-3 cm. 
margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
society, date, and occasion should be included but should not be 
numbered. Purple hectograph copy and mimeographed copy are 
not acceptable. The usual editorial customs, as exemplified in 
the most recent issue of the JouRNAL, should be followed as 
closely as possible. 

Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
te the Editor’s Office. Page proof will not be submitted. 


3. References and Footnotes. In historical and biographical 
articles and in papers containing no more than six literature refer- 
ences it is desirable that the references be handled as footnotes. 
Such references should be designated by superior numbers,! and 
the footnotes should be placed at the end of the text in numerical 
order. 

References to explanatory notes such as change of author address, 
author acknowledgments, etc., should be designated beside the 
author’s name by superior numbers in sequence with other foot- 
notes in the article. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter, i.e., (6). References are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The list of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the “List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found, or if the 
entire article is the reference, give the page numbers inclusive) 
and (5) date of publication. 

Examples: 

(1) Inrte, J. L., CALDWELL, R. G., J. Cuem. Epuc., 32, 320 
(1955). 

(2) Gow1nea, D. P., Lerper, R. W., Science, 122, 1267 
(1955). 

A reference to a book should include, in the order named: (1) 
author’s name, .(2) title of book (enclosed in quotation marks), 
(3) edition, if more than one, (4) name of publisher, (5) address 


of publisher, (6) date of publication, (7) volume number, (8) 
pages (give exact page number at which the point cited is to be 
found). 


Example: 

(1) Latimer, WENDELL M., HILpEBRAND, H., “‘Refer- 
ence Book of Inorganic Chemistry,’’ 3rd ed., The Mac- 
millan Co., New York, 1951, p. 110. 


4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection of 
illustrations available will be made by the editorial staff. As a 
rule, apparatus, particularly if complicated, is best presented by 
means of line or working drawings. Photographs are sometimes 
sufficient, however. When both can be obtained, it is generally 
desirable to include both with the manuscript. Unless lettering 
can be done by one of the mechanical devices it should be in 
pencil only. 

Photographs should have a gloss finish and should be at least 
postcard size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the 
black-ruled square should in general not be less than ten milli- 
meters on a side; the lines of the curves should be the heaviest, 
except the axes; points on the curves should be indicated by true’ 
circles, not crosses. All lines, legends, numbers, and letters which 
cannot be set in type at the margin of the cut but must constitute 
a portion of the cut itself are to be so proportioned that they will 
be clearly legible in the cut. The numbering of the coordinate 
axes, the number of the figure, and any necessary explanations 
of the figure should be printed in pencil in the margin of the sheet, 
as they are usually set up in type rather than reproduced from 
the drawing. Typewritten designations are not black enough to 
reproduce satisfactorily. Where lettering cannot be done ade- 
quately, designations left in pencil can be taken care of by the 
printer. 

Tables should be placed on separate sheets, with a marginal 
notation on the manuscript to indicate preferred location. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘(Chemical Drawing” [‘‘I. Fundamentals of. 
chemical drawing,’ J. Cuem. Epuc., 11, 21-3 (1934); “II. Con- 
ventional representation of materials and equipment,” 23-7; 
“TII. Arrangements of drawings,” 154-8; “IV. Charts, graphs, 
and diagrams,’’ 235-41; ‘“V. Photographs,’’ 546-50]. 

5. Reprints. A reprint price list is printed on the reverse side 


of the order slip which accompanies galley proofs. Reprints are 
delivered approximately one month after articles appear. 
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A werrer recently received from Professor Jay A. 
Young of King’s College, Wilkes-Barre, Pennsylvania, 
calls attention to a question we have discussed often 
with chemist-teachers. Essentially the query is: 
how can what the textbook author has to say be made 
most effective? Opinions vary all the way from ad- 
voeacy of a Disneyland-True-Adventure style of 
illustration to favoring the austerity of solid textual 
material: ‘“‘Let the words speak for themselves.” 
The only opinions worth listening to are those based on 
the realization that the text must be ‘written for the 
student, not for the professor. By “students” we 
mean the 1958 variety sitting in the seats, not the 
personalized memory lodged in the mind of the profes- 
sor. Dr. Young’s remarks are to this point: 


With very few exceptions, the publishers of recent elementary 
chemistry textbooks are to be commended for the increasing atten- 
tion they are giving to the esthetic aspects of their work. The 
covers are more inviting; they almost tempt the student to look 
inside. The type faces now used are far more readable. All this 
is an augury of future improvements that leave one impatient 
to see what the elementary texts will be like ten vears from now. 
But what about the illustrations in these elementary texts? In 
relatively few of the recent crop of textbooks does it appear that a 
definite effort has been made to use good illustrations. Those by 
Pauling, Markham, and Smith and the new-born Sienko and 
Plane, among others, stand out favorably. Perhaps the time 
is ripe for a statement of what we chemistry teachers believe to be 
the criteria of a good illustration. 

No one would consider adopting an elementary text written by 
a dozen different authors. Probably more than this number 
of artists have contributed to some of the sparsely illustrated text- 
hooks now in print. The resulting unevenness in artistic style 
does not enhance the utility of the illustrations. But, even worse, 
many of the illustrations are archaic. The same old mercoid 


barometer, with a Torricellian vacuum at the top and a half- 


filled cup of mercury at the bottom must have graced almost 
every elementary text since the time of Priestley’s grandfather! 
Illustrations must not be tossed in just to attract the pro- 
fessor’s eye. They must be consonant with the text, appropri- 
ately positioned near the pertinent textual material, and in no 
way contradict nor complicate the associated discussion. But 
most important—illustrations should teach the student. To 
teach, they must be attractive. A style of presentation that was 
acceptable twenty or thirty years ago is not suited to attract the 
eye of today’s student. He has a rather well-educated, though 


perhaps unconsciously acquired, taste for good modern art 
through his continued exposure to modern advertising displays. 
Of course we cannot expect the illustrations in a textbook to com- 
pare in splendor with these examples. Cost alone dictates other- 
wise. But we can, and should, ask for illustrations which attract 
by utilizing the same principles which work for advertising: Illus- 
trations should clearly show the most important feature, drawing 
the eye to this key point by proper apposition of the parts. The 
arrangement also should enable the reader to identify the second- 
ary features and to separate them in turn from the residual un- 
important background. 

This can be accomplished in many ways: by using something 
other than an eye-level view or by exaggerating the size or shape 
of a portion of the drawing. (If this seems heresy to the stickler- 
for-detail, take another look at any good modern or ancient work 
of art; only by exaggeration can reality be properly depicted in a 
picture.) It can be accomplished by altering the texture of the 
rendition or by adopting the principles of Mondrian who achieves 
emphasis by proper arrangement of various sized geometrical areas. 

There are many other means, better known to artists than to 
chemist-editorialists, that can meet the plea for esthetically 
attractive illustrations that teach the modern student by using 
contemporary techniques of illustration. 


We cannot resist getting in our own two cents worth. 
We are still waiting for the elementary textbook which 
will have a consistently well-chosen set of photographs 
to bridge the gap between chemistry in the laboratory 
and chemistry as it is done by industry. Photographs 
of mountains of sulfur and holes-instead-of-mountains 
of iron ore are more to the point than reprinting a 
lingerie advertisement beside the discussion of poly- 
amides, but not much. <A view of the maze of towers 
and pipes in a modern refinery can be beautiful photo- 
graphic art, but it teaches very little chemistry. 

When will the simple technique of photographic 
comparisons be used? Why cannot the familiar 
laboratory apparatus for distillation or filtration be 
pictured beside a view of its industrial counterpart with 
the components appropriately labeled? Why cannot 
a photograph be doctored by the lettering of formulas 
or equations to make plain what occurs behind the 
imposing facade of structural steel? 

Modern chemistry is more complicated but no more 
mysterious than that of years ago. Its teaching de- 
serves the same benefits of ingenuity. 
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An Analysis Group in an Industrial Research Organization’ 


INTRODUCTION TO SYMPOSIUM 


Dorie the last ten years we have seen a steadily 
changing pattern in the nature of work performed by 
a progressive analysis group in an industrial research 
organization. In the organic field, in particular, 
elemental analyses have been displaced largely by 
chemical and instrumental techniques which provide 
more detailed information on the materials in a sample. 
Analyses are required which identify and measure 
functional groups and specific compounds quantita- 
tively. Where possible direct methods are devised for 
the accurate measurement of components which may 
be present in major, minor or even trace concentrations. 
Often procedures are required which will differentiate 
among isomers and homologues. 

The purpose of this symposium is to present our 
concepts of the role of a modern analysis group in a 
research organization having interests in a wide variety 
of organic and inorganic materials. For the most part 
the discussions will center around developments in the 
Polychemicals Department of the du Pont Company. 
This department manufactures high polymers, polymer 
intermediates, certain food additives, fertilizers, anti- 
freeze compositions, plus a variety of low molecular 
weight materials. Solids, liquids, and gases must be 
handled. Analyses range from determinaticns of 
major components to substances in parts per million 
and in some cases parts per billion concentrations. 
Emphasis is placed on organic analysis including the 
special area of high polymers. 

A number of terms will be used in the ensuing papers 
which should be defined. Analysis encompasses the 
field in its broadest sense. In addition to referring to 
qualitative and quantitative analyses, our definition 
includes structure studies, physical constants meas- 
urements, and kinetics. Functional group analyses 
no longer refer exclusively to techniques based on 
chemical methods. Rather this type of determination 
now embraces all techniques, whether chemical or 
instrumental, which measure a functional group. 
Analytical research applies to long and short range stud- 
ies designed to uncover new techniques or new appli- 
cations of existing techniques for use in analysis. 
Analytical development refers to the many studies 
required to modify existing methods for handling 
current special problems. Service refers to the use of 
existing methods for the analysis of samples submitted 


1 Symposium presented before the Divisions of Chemical Edu- 
cation and Analytical Chemistry at the 130th Meeting of the 
American Chemical Society, Atlantic City, September, 1956. 
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E. I. du Pont de Nemours & Co., Inc., 
Polychemicals Department, Wilmington, Delaware 


by others. These cover the range from relatively 
straightforward procedures to complex methods re- 
quiring considerable skill and technical know-how. 

The modern analytical group must be large enough 
and be in a position to supply the necessary research, 
development, and special service analyses required in 
all phases of a research division program. This in- 
cludes assistance for scouting and exploratory research, 
process development, product development, and semi- 
works. Also the group should act in an advisory ca- 
pacity and often handle special problems for plants 
and sales. 

Analytical research follows two main lines: (a) long 
range fundamental analytical research and (b) short 
range investigations. The long range research is de- 
signed to obtain maximum utilization of a technique. 
It is the major responsibility of the analytical research 
groups, however, to devise, upon request from the tech- 
nical staff, new chemical and instrumental methods to 
solve specific analytical problems. In general, this 
work is short range in character because of the need 
for supplying information quickly for making a decision, 
as for example, a change in a process step or a new 
approach in scouting an organic reaction. Experience 
shows that the rapid solution of many current analytical 
problems is strongly dependent on the associated pro- 
gram in fundamental analytical research. Both must 
be good for carrying out the analytical group respon- 
sibility to supply reliable information—not merely 
numbers. Basic research programs supply know-how 
and a valuable backlog of information that insures the 
rapid solution of future requests. 

Often analysis is the key to successful industrial 
research. Reliable analytical data may be essential 
in each stage of an industrial development including 
control of the plant. High caliber personnel are needed 
to handle the variety of complex problems undertaken. 
Ideally, each member of the modern analysis group is 
the complete scientist. He has at his finger tips the 
know-how of the organic and inorganic chemist, the 
physical chemist, physicist, engineer, and mathemati- 
cian. Practically, of course, few individuals are so 
gifted and we achieve this combination of talents by 
having people trained in each of these branches of 
science. 


ORGANIZATION OF THE ANALYTICAL GROUP 
The modern analysis group must be versatile and 
well informed. Close contact must be maintained be- 
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tween each man, and his supervisor. Our group is 
divided into four subgroups, each headed by a super- 
visor: (1) chemical research and development, (2) 
general instrumental techniques, (3) spectroscopy, and 
(4) chemical development and service. There are no 
sharp lines of demarcation between groups; consider- 
able overlap exists. The chemical research and de- 
velopment group is charged with the responsibility 
for devising new analyses. This includes applications 
of chemical procedures together with polarography 
and other electrical methods, physical constants meas- 
urements, and separations. The general instrument 
group is responsible for research, development, and 
service employing the techniques of X-ray and elec- 
tron diffraction, electron and visual microscopy, 
and continuous analysis. The spectroscopy group 
handles activities in absorption, nuclear magnetic 
resonance, emission spectroscopy, and mass spectrom- 
etry. The chemical development and service group 
is responsible for many functions. Included are chem- 
ical analyses by macro, semimicro, and micro methods, 
record-keeping for the whole analysis group, and de- 
partmental analytical coordination. 


SUPPORT OF RESEARCH DIVISION 


In our Research Division there are about 150 tech- 
nical men (chemists and engineers) who require analyt- 
ical assistance both for service work and for analyt- 
ical research. The analytical group including five 
supervisors fluctuates between 25 and 30 technical 
men. On this basis it would appear that about five 


or six technical men are served by each analyticai 
chemist. The effective ratio is lowered because of the 
following two reasons. First, the complementary part 
of our analytical staff is an equal number of skilled 
nontechnical people. For them we have high praise. 
The quality of their work and their interest in analysis 
are important factors in the things that the technical 
staff can accomplish. The nontechnical people carry 
out essentially all of the service work together with some 
of the development activities. A significant portion of 
the service work is under the direct supervision of 
capable nontechnical people. Second, a number of 
the technical men in other sections of our Research 
Division have had training and/or experience in analyt- 
ical chemistry, usually in our analysis group. Some 
of them are in a position to assist the analysis group, 
directly or indirectly, in keeping watch on the analyt- 
ical requirement of a new process or product develop- 
ment. We do not attempt to do all of the analytical 
service and research of the division within the analysis 
group. Therefore, we see two important trends for 
the analysis group: a heavier load of consultation- 
services and an increasing amount of fundamental an- 
alytical research. This trend is a challenge to the 
modern, professional analytical chemist. He is a key 
member of the industrial research team. 

We hope that the papers of this symposium will 
provide an inside picture of the analysis group that 
assists the Research Division of the Polychemicals 
Department of the du Pont Company. These papers 
will stress the technical aspects of our activities and 
will include previously unpublished information. 


DEVELOPMENT AND SERVICE’ 


Tue chemical development and service group pro- 
vides a variety of important services. Its primary duty 
is to analyze all samples requiring chemical methods for 
elemental and functional group analyses, and to per- 
form separations and physical constants measurements. 
Other duties include record-keeping on all samples re- 


ceived for both chemical and instrumental analyses, 


regular reporting on the status of all analytical work, 
and coordination, which includes the issuance of test 
procedures for a departmental-wide manual of test 
methods. 


1 Presented as part of the Symposium on An Analysis Group in 
an Industrial Research Organization before the Divisions of 
Chemical Education and Analytical Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, Sep- 
tember, 1956. 
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SAMPLE RECORD SYSTEM 


The sample record system used is basically the same 
as the one originally described by Hale and Stillman 
(1). Only those parts of the system which we have 
modified to meet our changing needs will be discussed. 
All samples submitted for analysis must have attached 
a standard label. To identify types of samples, labels 
are available in three colors. In addition to the white 
label regularly used for most samples, red ones are sup- 
plied for hazardous materials, and green ones for high 
priority work. Space is provided on the labels for all 
of the information considered necessary for routine 
samples. 

Pertinent information on samples must also be en- 
tered on a log sheet on which the chemist or his helper 
records essentially the same information as that on the 
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sample label. From this information the typists fill 
out the sample report forms without having to handle 
the samples directly. This system eliminates inter- 
ruptions in the analysis schedule and also reduces 
hazards of leakage or breakage. 

For unusual samples a sample information sheet is 
available for recording more detailed information than 
can be shown on the label or on the log sheet. On this 
sheet space is provided for recording the history of 
the sample, the specific information needed by the 
chemist from the analysis, and known impurities, if 
any. The chemist can record on this sheet methods of 
analysis which he thinks might be useful together with 
any special instructions that should be followed in 
handling the sample. Usually a consultation has been 
held with one of the analytical supervisors before 
this form is completed. Space is available to note the 
name of the consultant. With such a system lost motion 
in expediting unusual samples through the analysis 
group is reduced to a minimum. 

From the log sheet, the typist fills out the analytical 
report form (a three-part, ‘‘no carbon required” form) 
plus a “Keysort” card as described in reference (/). 
If analyses are to be made by more than one group, one 
set of slips is typed for each. 

The typed slips and the cards are checked by the 
service supervisor and the slips are then distributed to 
each group supervisor. By means of the cards a 
daily count is kept of sample receipts. The yellow 
slips are kept as a record of work assignments. The 
analyst receives the two combined top white slips. 
On completion of the analyses his results are recorded 
on the front of the top white sheet which is duplicated 
on the second sheet. Calculations and other pertinent 
data are recorded on the back of the top sheet. A typi- 
cal completed sample report form is shown in the figure. 
Analyses for nitrogen and oxygen which have also been 
requested would normally be reported on separate 
forms. 

Having been checked and approved by the technical 
man in charge, the duplicate sheet with the final 
results is sent to the sample submitter, and the top 


slip is returned to the analytical service office. The 
clerk typist then removes the corresponding “‘Keysort”’ 
cards from the file. A final check of the cards and the 
slips is made by the service supervisor particularly 
where multiple analyses are involved. The slips are 
then filed consecutively and the cards are counted, 
coded, punched, and filed under project numbers. 


MANUAL OF TEST METHODS 


Our departmental manual of test methods is main- 
tained by an analytical coordination committee com- 
posed of an expert from the Research Division and one 
from Production. The committee has three principal 
objectives: (1) to bring all departmental laboratories 
into agreement regarding standardization of analytical 
and test procedures; (2) to maintain and issue proce- 
dures for the standard manual of analytical and physical 
test methods; and (3) to issue standard samples for 
checking procedures between laboratories. The present 
manual consists of a procedure section, a reagent sec- 
tion and an index. Two additional sections will be 
added, one for special apparatus and one for general 
techniques. 

The procedure section contains general methods, 
methods specific to one product, and abbreviated ones 
called work sheets. The first two types are quite 
detailed, providing within a standard format all avail- 
able pertinent information on applicability, and _ reli- 
ability as well as procedural details. All general and 
specific methods must list the following subheadings: 
I. Applicability; II. Unusual Safety Considerations; 
III. Principle of the Method; IV. Fundamental 
Equations; V. Interferences; VI. Sensitivity, Precision, 
and Accuracy; VII. Apparatus; VIII. Reagents; 
IX. Procedure; X. Calculations; XI. Comments; 
XII. References. 

The work sheets contain only the information needed 
for carrying out the analysis or test in the laboratory, 
and usually require only safety considerations (II), 
procedure (IX), and calculations (X). Work sheets 
must always refer to a detailed procedure. 

The preparation of this manual requires the work 
and cooperation of many people in the Research Di- 
vision and in the plant laboratories. General methods 
are usually prepared by members of the Research 
Division. Most of the specific methods are prepared 
by plant personnel. This major endeavor has pro- 
ceeded at a good rate, and to date has been eminently 
successful. Since 1952 over 1100 procedures have 
been issued, requiring 16 volumes of 8'/2 X 11 loose-leaf 
notebooks. 


CHEMICAL SERVICE 


The chemical service group is particularly concerned 
with the precision and accuracy of results. Methods 
are checked regularly against standard compounds or 
known mixtures. The results are carefully tabulated 
for use in calculating reliability of the analyses and 
for clues to sources of error, both of which may lead 
to modifications or improvements of methods to fit 
a particular type of sample. 

The table shows results on a number of typical ele- 
mental analyses made in our laboratory over an ex- 
tended period, usually by two or more analysts. 


JOURNAL OF CHEMICAL EDUCATION 


tay 
PRAL NO. 13056 DATE REC'D 6/3/56 Q 
- 5.55 -_3-3 
4.1% mg H,0 18.6 CO, 
d 
= 
te 
b 
st 
et 
ac 
ol 
th 
che 
fur 
pal 
Inc 
Cor 
qui 
aec 
. 
1 
an 
: a) 
Che 
Me 
te 
4 vo 


main- 
> com- 
nd one 
incipal 
atories 
lytical 
proce- 
hysical 
les for 
present 
nt sec- 
vill be 
reneral 


sthods, 
ones 
quite 
| avail- 
reli- 
‘al and 
dings: 
ations; 
mental 
acision, 
agents; 
ments; 


needed 
ratory, 
(it), 

sheets 


e work 
ch Di- 
ethods 
esearch 
epared 
pro- 
inently 
s have 
ose-leaf 


cerned 
fethods 
inds or 
bulated 
ses and 
ay lead 
; to fit 


eal ele- 
an ex- 


CATION 


Statistical Data on Typical Elemental Analyses 
Weight % 
Analysis 
for Method Detns. Found 


Wet comb. 18 : 39.98 
Dry comb. 130 : 71.23 
Dry comb. 130 : 
Modified 
Unterzaucher 25 
Dumas 26 
Kjeldahl 
(semimicro) 25 
Titrimetric 
Titrimetric 5 
Gravimetric 24 
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Compounbs: * = dextrose; > = acetanilide; ‘ = benzyliso- 
thiourea: HCl; ¢ = polytetrafluoroethylene; = sodium p- 
chlorobenzene sulfonate. 


Nores: Carbon in dextrose by a sensitive wet-dry combus- 
tion method (2). Dry combustion for nitrogen (Dumas) by the 
procedure of Colson (3), and for carbon and hydrogen by the 
method of Niederl (4). Oxygen by the Schiitze-Unterzaucher 
method as modified by Dundy and Stehr (5). Halogen and sulfur 
by the Parr peroxide bomb procedure for decomposition. Chlo- 
ride by the Volhard method. Fluoride by the Haslam and 
Whettem procedure (6) modified to use HeSO, in place of HCIO, 
during the distillation step. Sulfur gravimetrically as barium 
sulfate. 


[Existing methods often must be modified to analyze 
samples differing in many respects from those for which 
a method was originally developed. Thus a special 
technique was needed for microdeterminations of car- 
bon and hydrogen in samples which were highly un- 
stable in contact with air. Transfers could not be 
made conveniently in the typical bulky ‘dry box.” 
A system was devised in which transparent poly- 
ethylene bags were used in the transfer of samples from 
the containers in which they were received to a com- 
bustion boat, and later to the combustion tube. The 
advantages of the polyethylene bag technique are: 
complete visibility, easy manipulation directly from 
outside of the bag, and easy evacuation and filling of 
the bag with inert gases. Less important but worth 


consideration is the fact that when not in use the bags 
require a minimum of storage space. 

Modifications in ashing techniques have saved time 
and provided more reliable results. A special dropping 
funnel has been used for controlled delivery of liquid 
samples to crucibles (7). For ashing of solids, which 
are received as fine powders or fluffs, pellets can be 
made. In pellet form samples can be weighed, trans- 
ferred and burned without losses and consequent 
errors. Pellets usually burn more smoothly and faster 
than powders and require less attention. In addition 
to improved accuracy, therefore, the use of pellets has 
proved to be a time saver. 

While there is a considerable amount of routine 
analytical work required in any chemical research 
organization, there is a constant heavy demand for 
special analyses. No single group of any reasonable 
size can hope to take care of this special work along 
with the usual routine demands. Other sections of the 
research organization should provide for their own 
analytical services when their needs become routine. 
The analytical group does develop unitized equipment 
and prepares detailed instructions for making stand- 
ard analyses. The manual of test methods is of 
considerable value in this respect since it gives com- 
plete procedural details. Where feasible, of course, 
continuous analyzers are provided. 
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FUNCTIONAL GROUPS BY CHEMICAL METHODS 


Tar analytical laboratory requires a wide variety of 
chemical and instrumental methods for determining 


functional groups. The choice of technique for a 


particular analysis depends on a number of factors 


including the physical characteristics of the sample, the 
concentration of the desired constituent, the type and 
quantity of other substances present, the precision and 
accuracy required. 


1 Presented as part of the Symposium on An Analysis Group in 
an Industrial Research Organization before the Divisions of 
Chemical Education and Analytical Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, Sep- 
tember, 1956. 
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One of the essential requirements of any analysis is 
that the sample submitted be truly representative. 
In sampling, the purpose must be considered and 
proper judgment used. Too often samples are sub- 
mitted for analyses which have become contaminated 
by exposure to the atmosphere or by reaction with 
parts of the container. Volatile constituents may have 
been lost. In many cases these difficulties can be 
overcome through the use of small sealed vessels for 
sampling and analysis. These containers are pharma- 
ceutical-type serum bottles with pressure seal stoppers. 
The pressure seal feature permits transfer of the sample 
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Figure 1. Small Sealed Vessel for Moisture Determinations (p.p.m.) 


through hypodermic needles and syringes without 
exposure to the atmosphere (/). This equipment 
allows collecting, storing, and analyzing of samples 
from which atmospheric moisture and carbon dioxide 
must be excluded. 

Modified vessels are readily made for specific appli- 
cations as illustrated in Figure 1. The small sealed 
vessel shown in the figure is used for the determination 
of moisture at conceutrations of parts per million in an 
alcoho] stream. A sample is taken directly via hypo- 
dermic needles into a specially conditioned vessel. 
Conditioning involves stabilization of the thin film of 
moisture on the inside of the container prior to use by 
careful drying at about 140°C. followed by overnight 
storage at about 5°C. After inserting the electrodes, 
the moisture is determined by direct titration with 
Kar! Fischer reagent to the dead-stop end point. 

Typical organic functional group and compound 
determinations to which chemical methods are appli- 
cable are presented in Table 1. Water has been in- 
cluded in the tabulation because of the importance of 
this determination in organic compound analysis. 
Actually a variety of procedures for the determination 
of a specific function must be available since no one 
method is generally applicable to all situations. In 


TABLE 1 
Typical Functional Group Determinations 


Principal methods of 
analysis 


Neutralization, esterification 
Hydrolysis-esterification 
Hydrolysis-esterification 
Saponification 

Acetylation, esterification 


Acyl] halides 
Ester 
Hydroxyl* 
Carbonyl 
Alkoxyl¢ Zeisel 

Peroxide Reduction 

Unsaturate* Halogen addition, hydrogenation 
Amine Neutralization 

Amide Hydrolysis 


Nitrile 


Oximation 


Hydrolysis 

Thioether Oxidation 

Sulfide Oxidation 

Salt Acid titration 

Water Karl Fischer reagent titration 


* Further details on determination of these substances are 
given in this paper. 


many cases due to the presence of interfering materials 
in the sample to be analyzed or to the nature of the 
organic compound in question, some research often is 
necessary to adapt a procedure to a particular situation. 


DETERMINATION OF ACID FUNCTION 


The acid function is an example. If total free 
acidity is required, direct neutralization with standard 
base often can be used. Where applicable, the simplest 
and most reliable method for mixtures containing 
carboxylic and stronger acids is titration with standard 
caustic in an aqueous system. However, easily hy- 
drolyzed esters, aldehydes, weaker acids (K, ~ 10~°), 
anhydrides and acy! halides will interfere (see Table 2). 
The use of methanol as solvent and sodium methylate 


TABLE 2 
Acidimetric Methods for Organic Acids 


Reagent-System 


NaOH or KOH in water 
NaOCH; in methanol 


Sample 


RCOOH, HX 

RCOOH, HX in presence of 
easily hydrolyzed esters, al- 
dehydes 

RCOOH, HX in presence of 
weaker acids or RCOOH, 
HX, and phenols NH: in ethylenediamine 

RCOOH in presence of anhy- (C2H;);N in acetic anhydride- 
dride benzene; (C;H7);N in ace- 

tone 


KOH or KOCH; in — 
formamide; NaOQCH,CH; 


as titrant eliminates the interference of easily hydro- 
lyzed esters and aldehydes (19). A basic solvent such 
as dimethylformamide (2, 20, 21) or ethylene diamine 
(2, 22, 23, 24) will differentiate between carboxylic 
and weaker acids. A tertiary amine in a nonaqueous 
environment can be used as titrant for determining 
acids in the presence of anhydrides (2, 25, 26). Dif- 
ferentiation among acids of varying strengths is best 
made in nonaqueous svstems by potentiometric methods. 
An alcoholic environment will give separate inflections 
for mineral and carboxylic acids. A basic environ- 
ment will permit separation of mineral acids, car- 
boxylic acids, and phenols. 

For some systems acidimetric methods are not 
applicable. Consequently a variety of nonacidimetric 
methods are necessary as illustrated in Table 3. Car- 
boxylic acids often can be determined directly in the 
presence of large concentrat‘ons of other acids or 
reactive esters by an aquametric method based on 
esterification with methanol in the presence of boron 


TABLE 3 
Nonacidimetric Methods for Organic Acids 


Type of 
acid 


Reaction 


F; 
Carboxylic RCOOH + CH;OH - a RCOOCH; + H20 
Lower fatty 6RCOOH + KIO; + 5KI ———> 
acids + 3H-O 6RCOOK 


Cu 
Aromatic RCOOH ———> RH + CO, 
a-Aminoacids RCH(NH,)COOH + 


cHoH + RCHO + CO. + NH; 
Co” 
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trifluoride as catalyst (2, 4). An iodometric method 
is useful for. small amounts of the lower fatty acids, 
particularly where thiosulfate is present to react with 
the iodine as it is formed (2, 27). Aromatic acids 
often may be determined selectively by decarboxyla- 
tion in the presence of a metal catalyst such as copper 
(2, 28). Aminoacids may be determined by acidi- 
metric titration in a basic or acidic system. A specific 
reaction for a-aminoacids, however, is based on reaction 
with triketohydrindene hydrate (ninhydrin) in which 
the evolved carbon dioxide is measured (2, 29). 


ANALYSIS FOR ALKOXYL GROUPS 


The analysis for the methoxyl and ethoxy] function 
was originally proposed by Zeisel (30), and was based 
on cleavage by hydriodic acid to form the alkyl] iodide 
iollowed by gravimetric measurement of the halide as 
silver iodide. The more common methods at the 
present time, however, are volumetric and based upon 
oxidation of iodide to iodate which is measured iodo- 
metrically. 

The apparatus used in our laboratories for the de- 
termination of alkoxyl groups is shown schematically 
in Figure 2. A number of factors regarding the de- 
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Figure 2. Modified Zeisel Apparatus 


termination were found to be critical for obtaining high 
precision at very low alkoxy] levels. 

The necessity of using scrupulously clean glassware 
cannot be over emphasized. Furthermore, oxygen 
present even in trace amounts interferes with the 
analysis by causing nonreproducible and large blanks. 
Iodic acid probably is formed which is not removed by 
the red phosphorus scrubber. For a reproducible and 
controlled reaction the reagents and sample often must 


be mixed at dry ice temperature. The reaction flask . 


is warmed slowly to room temperature and if the re- 
action becomes violent, quickly cooled with dry ice; 
a positive flow of oxygen-free nitrogen is maintained 
at all times. Once at room temperature and with the 
reaction under control the flask is then immersed in an 
oil bath at 145° + 5°C. and refluxed for one hour. 
After reaction is complete, the scrubber is drained 
into a flask containing potassium acetate solution 
which has been flushed with and maintained under a 


VOLUME 35, NO. 1, JANUARY, i957 


blanket of oxygen-free nitrogen. Before the titration, 
the soijution is thoroughly sparged with nitrogen. 
Failure to maintain the system completely oxygen free 
at this point can cause an increase in the blank titer by 
a factor of ten. 

Contrary to the observations of some others con- 
cerning the quality of hydriodic acid and its effect on 
the results, it was found in this work that reagent grade 
hydriodic acid was suitable. Perhaps the best cri- 
terion for this determination is the blank. Using 
Merck reagent grade hydriodic acid without further 
purification, reproducible blank titers as low as 0.007 
ml. of 0.1 N sodium thiosulfate can be obtained. 
Reliable results for as low as 0.004% methoxyl have 
been obtained using a 0.3-gram sample. 


DETERMINATION OF THE HYDROXYL FUNCTION 


Alcoholic hydroxyl groups usually are determined 
acidimetrically by acetylation procedures with acetic 
anhydride or acetyl chloride (3/). Investigation in 
our laboratories of the use of acetic anhydride-pyridine 
reagent at concentrations of about 1.5-2.0 M anhy- 
dride indicates that many hindered alcohols can be 
acetylated in less than three hours. The reaction is 
carried out either in pressure bottles at 98°-100°C. 
or at reflux temperatures of about 118°C. The latter 
procedure is recommended for sterically hindered 
alcohols which are not completely esterified in a reason- 
able time using the pressure bottle technique. Careful 
control and strict adherence to procedural details 
provides a high precision method for the determination 
of hydroxy] groups. 

Nearly all primary and secondary hydroxyl groups 
can be analyzed satisfactorily by the esterification 
procedures using acetyl chloride or acetic anhydride. 
The methods, however, lack sensitivity where the 
materials contain considerable amounts of water or 
acids. Water reacts with the acetylating reagent in 
competition with alcohols and necessitates the use of 
smaller analytical samples in order to maintain the 
necessary excess of reagent. Furthermore, tertiary 
hydroxyl groups usually are partially dehydrated by 
these reagents and, therefore, cannot be determined. 
Amines and amides are acetylated so that hydroxyl 
groups cannot be determined in the presence of these 
materials. A hydroxyl determination which remains 
precise in the presence of large amounts of water or 
acids involves esterification of the hydroxyl group 
with acetic acid using boron trifluoride as a catalyst 
(4, 32) according to the reaction: 


BF 
ROH + CH,COOH ————> CH,COOR + H.O 


A measure of the water of reaction which is equivalent 
mole for mole to the hydroxy! content is obtained by 
direct titration with Karl Fischer reagent. 

The latter procedure represents an important method 
for hydroxyl groups since it can be applied to the 
determination of tertiary hydroxy] groups as well as the 
primary and secondary ones in the presence or absence 
of amide groups. Furthermore, differences in the 
relative esterification rates of the aliphatic and strictly 
aromatic alcohols have made possible a means for 
differentiating between these two classes of compounds 
by this procedure. 
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DETERMINATION OF UNSATURATES 


A number of difficulties are associated with many of 
the halometric methods for the determination of un- 
saturation. Many factors such as time of reaction, 
temperature, excess of reagent and solvent enter into 
the halogenation process, and substitution as well as 
addition is frequently encountered. The over-all re- 
sult is that most of the halometric methods are generally 
applicable only to certain compounds under special 
conditions. 

A more reliable method for determining unsaturates 
employs quantitative hydrogenation. The unit il- 
lustrated in Figure 3 was designed for use at approxi- 
mately room temperature and atmospheric pressure 
(33). The measuring equipment and reaction vessel 
are housed in an air thermostat which maintains the 
temperature at about 30° + 0.1°C. Pressure is held 
constant at several millimeters above atmospheric by 
the automatic leveling device consisting of a reversible 
motor activated by contacts in the mercury manometer. 
When hydrogen is absorbed, the upper contact of the 
manometer is broken and the relay causes the motor to 
raise the leveling bulb until contact is again made. 
A second relay then starts the reversing water which 
lowers the bulb until the contact is broken preventing 
overdrive. The response of the system is so rapid that 
even at high hydrogen uptake the pressure remains con- 
stant within +0.1 mm. The amount of solvent in the 
gas buret is limited to that diffusing through the capil- 
jary against the mass transfer of hydrogen into the 
reaction vessel. Analysis for solvent vapor in the gas 
buret after a determination showed no more than 100 
p.p.m., indicating that no correction is necessary for 


the vapor pressure of solvent. 


MOTOR RELAY 


HEATER 


PRESSURE 
REGULATOR 


GAS BURET 


THERMOREGULATOR } 
REACTION VESSEL 


AIR CIRCULATOR — 


Figure 3. Hydrogenation Apparatus 


The gas buret used is composed of two sections, the 
lower of approximately 40 ml. capacity (accurately 
calibrated) and the upper of 10 ml. with 0.05 ml. 
graduations allowing either macro or semimicro scale 
determinations. 

The operation involves charging the double reaction 
vessel with solvent and catalyst on the one side and 
sample on the other and flushing both sides with hy- 
drogen. The flasks are then stoppered and the cata- 
lyst stirred until no more hydrogen is absorbed. (This 
step eliminates a blank correction.) After readjust- 
ment of the volume of hydrogen and transfer of catalyst, 
the system is allowed to operate until the volume is 
constant. Results are calculated as millimoles of 
hydrogen per gram of sample (hydrogenation number), 
the reciprocal of which is the weight in grams equivalent 
to one double bond. 

Palladium and platinum were found to be the best 
catalyst systems, the former, in neutral solution being 
nearly specific for aliphatic unsaturation, and the 
latter suitable generally for all types including benze- 
noid structures. Glacial acetic acid is the most useful 
solvent for use with platinum while ethanol or dimethy| 
formamide is used with palladium. A variety of un- 
saturated materials have been hydrogenated with a 
precision of about +0.3%. 


DETERMINATION OF WATER 


The determination of water is of great importance 
in analytical chemistry and should be included in 
nearly every complete analysis. In many organic 
systems, water represents a common interference which 
may affect or inhibit the course of a reaction. The 
presence of excessive amounts of moisture in polymers 
may adversely affect their physical properties. The 
estimation of water, therefore, has been the subject of 
a great deal of analytical activity. 

Karl Fischer reagent has become highly useful for 
the determination of moisture associated with a wide 
variety of compounds and reactions. A complete 
summary of the analytical details and applications of 
Karl Fischer reagent has been presented (4). 

Several specific applications have been made for using 
the reagent for the determination of moisture in poly- 
meric materials. A compact field kit based on the use 
of small sealed vessels has been devised for the deter- 
mination of moisture in acrylic molding powder (34). 
The principle of the kit is the same as the standard 
laboratory method, namely, the titration of a chloro- 
form solution of the polymer with dilute standardized 
Karl Fischer reagent which has been protected from 
moisture in the atmosphere with pressure seal stoppers. 
Fischer Scientific Company-stabilized Karl Fischer 
reagent (Cat. No. SO-K-3) diluted with methyl ‘“Cel- 
losolve”’ to a water equivalence of about 2 mg. H,O/ml. 
was found to have excellent stability. 

In those cases where a polymer is insoluble in a suit- 
able solvent or soluble only at high temperatures, an 
alternate technique is available for the determination 
of moisture. This method is based upon a vacuum 
distillation of low boilers including water from the 
polymer sample into a trap maintained at about —70°C. 
The water present in this condensate is determined by 
titration with standardized Karl Fischer reagent. 
The apparatus used for this determination is shown in 
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Figure 4. Apparatus for Determination of Moisture in Polymers 
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Figure 4. The sample is accurately weighed into the 
sample tube, which is connected as shown to the cold 
trap and to the vacuum, and heated for a specified 
period of time in the aluminum block. For nylon a 
temperature of 260° + 2°C. is used and the distillation 
is carried on for 30 minutes. The exact time and tem- 
perature used should be determined for each polymeric 
system investigated. After completion of the distil- 
lation the cold trap and sample tube are isolated from 
the vacuum source and slowly vented through a drying 
tube. The trap is then disconnected from the unit, 
washed thoroughly to a specified volume with dry 
methanol and titrated with Karl Fischer reagent. 
A blank is run with each set of determinations using an 
empty test tube and following the same procedure for 
the samnle. The sensitivity of the visual Karl Fischer 
titrati > is about 0.1 mg. water. 


ANALYSIS OF MIXTURES 


The organic analytical chemist often requires pro- 
cedures for the direct analysis of mixtures of similar or 
dissimilar compounds. In many cases a combination 
of chemical or physical techniques can best be used to 
solve such problems. Consider the analysis of a hy- 
pothetical mixture containing the following components 
in the ranges specified: Cyclohexanol (20-700 p.p.m.), 
cyclohexanone (20-700 p.p.m.) formic acid (0-0.5%), 
methanol (0-0.5%), methylal (0-0.3%), methyl for- 
mate (0-50 p.p.m.) and 
water. In such cases, meth- 
ods which are based on 


selective reactions with the 
constituents of the mixture 
as well as functional group 
methods become necessary. 

Cyclohexanol and cyclo- 
hexanone in the above mix- 
ture can be determined si- 
multaneously. The method, 
a colorimetric procedure, 
is based on the action of 
para - hydroxybenzaldehyde 
in the presence of  sul- 
furie acid to yield a blue 
dye. The reaction is often 
referred to as the Komarow- 
ski reaction and the appli- 
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cation to the determination of hydroxy and carbonyl 
compounds has been published (35). The absorbance 
at 625 my is a specific measure of the cyclohexanol 
content in the mixture. Both constituents absorb at 
535 my and the determination of cyclohexanone is 
based upon correction of this absorption for the pres- 
ence of the alcohol. 

The formic acid and methyl] formate in the mixture 
may also be determined simultaneously. The analysis 
is based on the titration of the acid with standard 
caustic to the bromthymol blue end point follewed by 
saponification of the ester in the same solution. 

The method for the determination of methanol] in the 
mixture is based on the reaction of low molecular 
weight aliphatic alcohols with nitrous acid to form the 
alkyl nitrite (36). The apparatus used for the de- 
termination has been modified by R. H. Kinsey of our 
laboratories and is shown schematically in Figure 5. 
Since methy] nitrite is a gas, (b.p., 12°C.), it is readily 
removed by sparging with carbon dioxide. The methyl 
nitrite is hydrolyzed in acid solution to form nitrous 
acid and methanol. The presence of excess potassium 
iodide reduces the nitrous acid releasing an equivalent 
amount of iodine. The quantity of iodine released is 
proportional to the methanol present and is measured 
iodometrically with sodium thiosulfate under a blanket 
of carbon dioxide to exclude oxygen. The interference 
due to oxides of nitrogen and other reducible decom- 
position products of nitrous acid carried out of the 
reactor are removed by the permanganate and bicar- 
bonate scrubbers. <A recovery of 80.0% + 6% relative 
is obtained in the range of 0-20 mg. of methanol. The 
method is sensitive to as little as 0.3 mg. of methanol 
with a precision of +8% relative, and, since sample 
size is not limited, the sensitivity can be extended to the 
0-20 p.p.m. range. 

Methylal, a condensation product of one mole of 
formaldehyde with 2 moles of methanol, can be deter- 
mined in the mixture spectrophotometrically. The 
method is based on acid hydrolysis of the acetal to 
produce formaldehyde which forms a purple dye with 
chromotropic acid (37). The resulting color is meas- 
ured at 570 m.u. The other substances present in the 
above mixture do not interfere with the determination 
which is sensitive to about 0.05 mg. of methylal. 

The accurate analysis for water in the mixture is 
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Figure 5. Apparatus for Methyl Nitrite Procedure for MeOH Determination 
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primarily dependent upon the amount of water and the 
sampling technique used. The analytical reagents, 
interferences, and limitation of the Karl Fischer method 
offer very little difficulty over the entire range from 
1 p.p.m. to essentially aqueous samples. The titration 
using Karl Fischer reagent is preferably made on a 
sample containing from 20-200 mg. of water. The 
chances for error in this determination are greater as 
the water content is increased. Samples containing 
above 10% water are best handled by weighing a suit- 
able amount of the sample into a known volume of 
dry methanol. An appropriate aliquot of this solu- 
tion, corrected for the methanol blank, will provide the 
opportunity for greater accuracy than the direct 
titration of smaller portions of the original sample. 

Quantitative chemical methods are essential in the 
modern analytical laboratory. In many cases the 
accuracy and precision of the chemical methods are 
better than is possible with instrumental techniques. 
Frequently such methods are used to calibrate the 
more relative instrumental procedures. Chemical ana- 
lytical methods in conjunction with instrumental 
procedures are necessary to handle best the variety of 
problems encountered. 
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ELECTRICAL METHODS OF ANALYSIS’ 


Ixvusrrian analytical groups require a variety of 
electrometric techniques in conducting general ana- 
lytical research and in developing methods to aid in the 
work of other research and production groups. An 
analytical group must be versatile with these methods, 


1 Presented as part of the Symposium on An Analysis Group 
in an Industrial Research Organization before the Divisions of 
Chemical Education and Analytical Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, Sep- 
tember, 1956. 
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recognizing the merits and limitations of each. The 
chemist in analytical research must have a fundamental 
understanding of the techniques if he is to adapt them 
logically to analytical problems. Since the funda- 
mental theories of electroanalytical chemistry are 
amply presented in the literature (1, 2, 3, 4), no effort 
will be made to cover this aspect. The objective of 
this paper is to cite some general and specific applic:- 
tions of electrometric techniques in an industrial lab- 
oratory. 
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POTENTIOMETRY 


Direct potentiometry is employed to determine 
activities rather than concentrations (1). The activity 
measurements are useful in studying reaction rates or 
equilibria and in making thermodynamic calculations. 
The technique is used for pH and other half-cell meas- 
urements. For example, electrode potentials of several 
ferric-ferrous complex ion systems were measured. 
The potentials were then related empirically to the 
rate of a reaction in which the ferric complex was 
reduced to the ferrous complex. A simple potentio- 
metric measurement on a new ferric-ferrous complex 
could then be used to predict the rate of ferric complex 
reduction in the subsequent reaction. It must be 
remembered that for such electrode potentials to be 
meaningful the oxidation-reduction system must be 
thermodynamically reversible. 

Potentiometric titrations are much more widely 
applicable for analysis than direct potentiometry and 
can be employed wherever one or more species will 
influence the potential of an indicating electrode. The 
potentiometric method has been applied to titrations 
involving acid-base, oxidation-reduction, precipitation, 
and formation of complexes (1). The choice of solvent 
and titrant is important in these analyses (2). Solvents 
can be used to enhance the properties which are to be 
measured but, of course, all species must be compatible 
in the system. 

In general, potentiometric acid-base titrations are 
straightforward. Typical analyses involving titra- 
tion of acids and amines are cited in Table 1. Where 
applicable an aqueous or alcoholic system is recom- 
mended for potentiometric titrations, as for example, 
in differentiating between many mineral and carboxylic 
acids. Titration of phenols, as weak acids, however, 
requires a basic solvent such as dimethylformamide 
(DMF) or ethylenediamine (EDA). Weak bases re- 
quire an acidic solvent such as glacial acetic acid. 


TABLE 1 
Potentiometric Titration Methods for Acids and Amines 


Determination Solvent Titrant Reference 
Organic acids in Acetone Tripropylamine (5) 
anhydrides in acetone 
Traces of acetic Pyridine- NaOH in meth- (6) 
acid in polymer butanol(1+1) anol 
Inorganic and car- Dimethylform- KOCH, in (2, 6, 7) 
boxylic acids, amide methanol- 
phenols benzene 
Carboxylic acids, Ethylenedi- Sodium amino- (7, 8, 9) 
phenols amine ethoxide in 
ethanolamine- 
EDA 
Carboxylic acids, Ethylenedi- KOH in isopro- (7, 8) 
phenols amine anol 
Amines Methanol HCl] in meth- (10) 
anol 
Amines, amino- Glacial acetic HClO, in acetic (11) 
_ acids acid acid 
Secondary plus Methanol HCl in isopro- (12) 
tertiary amines* anol 
Tertiary amines’ Methanol HCl meth- (12) 
ano 
Aliphatic, aroma- Acetonitrile HClO, in diox- (13) 
tie amines*® ane 


* Primary amines removed by reaction with salicylaldehyde. 
oy and secondary amines removed with acetic anhy- 
ride, 

‘ Method will differentiate between aliphatic and some aro- 
matie and heterocyclic amines. 
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The industrial analyst must be awareof any anomalies 
associated with titration curves of complex acid mix- 
tures. For example, when an approximately equimolar 
mixture of p-toluene sulfonic acid, o-phthalic acid and 
phenol was titrated in water, two sharp breaks and one 
very poor break were observed. The first sharp break 
represented titration of the sulfonic acid plus one car- 
boxy] group of phthalic acid, the second represented the 
second carboxy! group of phthalic acid, and the very 
weak break, phenol. In methanol or DMF three 
breaks were observed: the first was equivalent to the 
toluene sulfonic acid; the second, the first carboxy] 
group of phthalic acid; and the third, the second car- 
boxy! group of phthalic acid. Phenol in this four-com- 
ponent acid mixture gave no significant break. How- 
ever, when phenol was titrated alone or in the presence 
of one or two other acid functional groups in DMF, it 
was resolved. Titration of the mixture in EDA 
showed two breaks. The first included the sulfonic 
acid and both carboxy! groups of phthalic acid. The 
second corresponded to phenol (8). 

An interesting application of the potentiometric 
method involves titration of organic peracids and 


PERACETIC ACID 


VOLUME TITRANT 


The Potentiometric Titration Curves of Weak Acids in 
Ethylenediamine 


Figure 1. 


(The potential at half-neutralization is shown by the solid circle.) 


hydroperoxides as weak acids in EDA using antimony 
electrodes (14). Figure 1 shows titration curves ob- 
tained with several peroxides and with phenol used as 
reference. As in aqueous titrations, the potential at 
half-neutralization, marked by a black dot on the curves, 
appears to be characteristic of a particular species and 
is related to its acid strength. These potentials are 
also related to the structure of the peroxide. Primary 
hydroperoxides studied have potentials at half-neutral- 
ization of 0.55 to 0.57 volt. Secondary hydroperoxides 
show potential less than 0.54 volt. Tertiary hydro- 
peroxides show no inflection points. These correla- 
tions are valuable in interpreting titration curves of 
unknown hydroperoxides or peracids. The analysis 
showed a standard deviation of about 2% relative. 
Some hydroperoxide mixtures were resolved by this 
technique. 

Potentiometric analysis of trace amounts of a weak 
base was developed for the determination of amine end 
groups in polyamides. The sample was dissolved in 
phenol and titrated with methanolic perchloric acid 
(15). Since the original development, m-cresol has 
been found to be a better solvent than phenol. The 
physical problems encountered in performing this 
titration which involves 75 ml. of viscous, corrosive solu- 
tion requiring about 0.1 meq. of perchloric acid can be 
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Figure 2. Potentiometric Titration Curve of an Equimolar Halide 
Mixture 


readily appreciated. Standard deviation of 1.0% rel- 
ative was calculated from 26 analyses of a reference 
sample over a period of a year. 

Another useful potentiometric analysis involves 
direct titration for low levels of alkali metal salts of 
organic acids as weak bases (2). For example, a poly- 
mer containing a few tenths of a per cent of sodium 
acetate is analyzed asfollows: a 2-g. sample is dissolved 
in 100 ml. of glacial acetic acid, the solution is titrated 
with 0.1 N perchloric acid in acetic acid. Colored 
solutions require potentiometric titration while water- 
white solutions may be titrated using crystal violet as 
indicator. By performing the determination in this 
way, tedious and time-consuming ashing procedures 
are avoided and a less ambiguous answer is obtained. 

The feasibility of determining iodide, bromide, and 
chloride ions, separately or in mixtures, by titration 
with silver nitrate in dilute nitric acid solution has been 
demonstrated (16). Figure 2 shows a titration curve 
in which an equimolar mixture of halides was titrated. 
The potential measurements were made with silver 
versus calomel electrodes. It was expedient to deter- 
mine the end points by measuring the intersection of 
straight lines as shown, rather than by determining 
the inflection points. Data from the titration curves 
of halide mixtures show that there are substantial 
errors in the individual halide determinations but 
that the total halide analysis is quite accurate. These 
errors are attributed to mixed salt formation. How- 
ever, the errors are reproducible and predictable and 
therefore subject to correction. 


POLAROGRAPHY 


The polarograph can be used for low level determina- 
tions of most cations, some anions, and a number of 
organic materials (see Table 2). 

An interesting analytical research program was 
undertaken to investigate the polarographic behavior of 
a number of organic peroxides. The work was done in 
aqueous and nonaqueous media The buffered aqueous 
solutuns were teacde to cover the nH range of 2 to 11. 
The nonaqueous solutions were made up of J paris of 
methanol to 1 nart of henzene end contained buffering 
constituents to control the acidity. The half-wave 
potentials of the peroxides studied were essentially 
independent of pH. The half-wave potentials of classes 


12 


4 ™ 


TABLE 2 
Typical Polarographic Analyses 
Samples 


Determination 


Inorganic 
Cu, Zn, Fe, Pb, Cr, Co, Ni, Sn 
Molecular oxygen 


Reagents, metals, polymers 
Organic solvents, polymer so- 
lutions 


Bisulfite ion Reagent sol' tions 


Organic 

Peroxide groups 

Carbonyl groups 

Sulfur containing functions 


Polymers, solvents, additives 
Polymers, solvents, additives 
Polymers, solvents 


of peroxides are shown in Figure 3. This information, 
along with diffusion current data, has been catalogued 


for future reference. The polarograph has been used 


to im Pstigate the reaction of peroxides with various 
reagents 2d the stability of peroxides at high pH as & ort 
shown in yizure 4. These data are valuable in de- 
veloping analyses for peroxide mixtures. The fifth C 
reagent, Deed? ¥ an enzyme system which reacts 


specifically with H,ON form H20 and Os. Use of the fj #0” 
enzyme provides a conX€nient means for determining Elec 
organic peroxides in the p: *8ence of hydrogen peroxide. 


Preliminary treatment with eeO removes only the 
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Figure 3. Effect of Peroxide Structure on Half-Wave Potential in [i Whe! 
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latter. Hydrogen peroxide can be estimated by 
difference by analysis for total peroxide before and ie 
after the DeeO reaction. Cor 
Polarographic principles are also used to advantage the in 
in amperometric and dead-stop techniques. Thes  ¢ 
methods combine the accuracy of titration with the phenc 


sensitivity of polarography. The techniques have the 


: Sine 
advantage of being readily adaptable to automatic of, she 
continuous operation. eae 

Some typical amperometric and dead-stop titration: ica 
are shown in Table 3. analy: 
TABLE 3 w 
Typical Amperometric and Dead-Stop Titrations potent 
Determination Titrant Reference 
Sulfate Pb(NO;)2 (17) 
Fluoride (18) 
Halides AgNO; (19) 
Oxine, “Versene” A 
Mercaptans AgNO; (22) 


? Available from Takamine Laboratories, Clifton, New Jersey. 
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ANALYTICAL SEPARATIONS’ 


Ssparation methods have become increasingly im- 
portant in industrial analysis because generally they 
yield a maximum amount of information for a minimum 
of effort. In many instances these methods have made 
possible the unraveling of complex mixtures where 
standard analytical methods cannot be used until un- 
known interferences are identified by a suitable separa- 
tion. In other cases, separation methods have led to 
the identification of previously unsuspected compounds. 

A second aspect of separation methods is speed, par- 
ticularly where the separation and analysis can be com- 
bined in a single operation. For example, a complete 
set of specification analyses for a chemical intermediate 
which previously required two days can now be obtained 
in less than an hour by means of gas chromatogaphy. 
Another illustration is the replacement of the lengthy 
multiple distillation method by the use of rapid and pre- 
cise liquid-liquid partition chromatography in the 
study of volatile and nonvolatile acidic products in a 
process stream. 

Table 1 lists the most extensively used separation 
methods. 


TABLE 1 
Separation Methods for Organic Mixtures 


Typical 
applications 


Method 


Ion exchange 

Distillation 

Paper electrophoresis 
Countercurrent distribution 
Separation by reaction 
Paper chromatography 
Partition chromatography 
Gas chromatography 


Amino acids 

Fatty acid esters 
Proteins 

Penicillins 

Acetone, acetaldehyde 
Amine hydrochlorides 
Alcohols, glycols 
Acids and amines 


Applications of the last four techniques in this list 
will be cited in order to demonstrate their usefulness 
in solving industrial analytical problems. 


SEPARATION BY REACTION 


Separation by reaction can be defined as a process of 
obtaining a unique chemical derivative with properties 
which permit its quantitative isolation and measure- 
ment. This definition includes many functional group 
derivatives of organic compounds such as the 2,4-dini- 
trophenylhydrazones and copper diethyldithiocarba- 
mate, which are either insoluble in the reaction medium 
or can be uniquely extracted into an immiscible phase. 

The determination of acetone in cyclohexanol will 
serve as an example of this method, The reaction 


CH;COR + 4 NaOH + 3 I; —_ CHI; + 
3 NaI + RCOONa + 3 H2O 


1 Presented as part of the Symposium on An Analysis Group 
in an Industrial Research Organization before the Divisions of 
Chemical Education and Analytical Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, Sep- 
temper, 1956. 
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is quite general for compounds containing the acety! 
group, or a function which can be oxidized to the acety] 
group by hypoiodite. In order to apply this reaction 
to the estimation of small amounts (0.04% to 0.5%) of 
acetone in cyclohexanol it was necessary to establish 
the nature of the reaction and to find a means for meas- 
uring milligram quantities of iodoform precisely. 
Under optimum reaction conditions, acetone, in aque- 
ous or methanolic solution, was converted reproducibly 
to iodoform (1). The study of this reaction was con- 
siderably simplified by the observations that iodoform 
was quantitatively extracted into chloroform and ex- 
hibited a strong absorbance at 347 my (Figure 1). The 


ABSORBANCE 


375 350 325 300 275 258 
WAVELENGTH IN MILLIMICRONS 


Figure 1. Ultraviolet Spectrum of Iodoform 


A, iodoform in chloroform; B, chloroform extract of blank. 


photometric measurement of iodoform extended the 
limit of detection of the analysis to 0.014 mg. acetone in 
cyclohexanol. Surprisingly, ethanol and isopropanol 
proved to be only minor interferences. 

This analytical adaptation of the iodoform reaction 
was extended to the measurement of acetaldehyde 
which reproducibly yields 58% of the theoretical 
amount of iodoform under the analytical conditions. 
Acetaldehyde from the periodate oxidation of 1,2- 
propylene glycol could be determined quantitatively by 
this method even in the presence of 98% ethylene glycol. 


PAPER CHROMATOGRAPHY 


Paper chromatography and its many modifications 
have found wide application to problems requiring the 
resolution of intractable mixtures. The separation of 
amine hydrochloride mixtures is an example of an anal- 
ysis performed by paper chromatography (2). The 
separation of pyrrolidine hydroch'oride from ethylene 
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diamine hydrochloride was readily effected by the as- 
cending technique using water-saturated butanol as 
solvent. For the qualitative detection of the amine 
spots a silver nitrate spray was used. After washing 
out excess reagent, silver chloride corresponding to the 
amine hydrochloride spots was reduced to the black 
metal by exposure to ultraviolet light. 

For the semiquantitative determination of pyrroli-, 
dine, the hydrochloride spot was cut out of the chroma- 
togram. A pilot chromatogram and the qualitative 
test were used to locate the area to be excised. Chloride 
ion in the paper cutout was then titrated by the sensi- 
tive potentiometric procedure of Kolthoff and Kuroda 
(6). Eight successive analyses of an unknown mixture 
by this technique gave a standard deviation of 0.7% at 
the 22% pyrrolidine level. The sensitivity of the quali- 
tative and semiquantitative tests was 3 micrograms of 
chloride ion, representing, in the above case, 0.4 mole % 
pyrrolidine in 15 ul. of a 1 M amine solution. 

The qualitative and semiquantitative tests are gen- 
erally applicable to amine hydrochlorides. Where 
amine mixtures are separated by paper chromatography 
they can be easily converted to the hydrochlorides by 
exposure to HCl gas followed by gentle heating. The 
qualitative test can then be applied to locate the re- 
solved amines on the chromatogram. 

Paper chromatography also proved valuable in a 
problem involving the identification of impurities in 
urea and the specificity of the colorimetric analysis for 
biuret in urea. The biuret reaction with copper in 
alkaline solution is widely used for this determination, 
but the identity of impurities in urea from various 
sources and their effects on the analysis had not been ade- 
quately established. Chromatograms of probable im- 
purities were made with the solvent system: n-pro- 
panol, ethyl acetate, acetone and water (1:3.5:2:1) 
from which the R; values listed in Table 2 were ob- 
tained. 

It was possible to differentiate the various compounds 
in Table 2 by their characteristic color reactions as well 
as their R; values. Urea and biuret gave a blue, bi- 
guanide an orange, and guanylurea a yellow color reac- 
tion with the phenol-hypochlorite reagent (14). Basic 
materials were detected by their reaction to bromcresol 
green; guanidine, ammonium cyanurate and carbamate 
all gave this reaction. Triuret, which is known to be 
present in urea, gave neither color test. Chromato- 
grams of various urea samples showed that biuret and a 
very small amount of basic material were the only other 
detectable impurities. With the phenol-hypochlorite 
reagent it was possible to detect as little as 5 micro- 
grams of biuret. 


TABLE 2 
R; Values for Urea and Probable Impurities 


Compound Ry (25°) 
Urea 0.35 
Biuret 0.55 
Guanylurea 0.17 
Guanidine 0.03 
Ammonium cyanurate 0.02-0.03 
Ammonium carbamate 0.02-0.03 
Biguanide 0.00 


The validity of the quantitative analysis for biuret 
was further established by the isolation of biuret from a 
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The amount of combined 


number of chromatograms. 
isolated material was determined by a micro modifica- 
tion of the biuret analysis with the aid of a micro optical 


cell (8). The amount of biuret isolated chromato- 
graphically was 97% of that determined directly on the 
original urea by the macro biuret analysis. 


LIQUID-LIQUID PARTITION CHROMATOGRAPHY 


As in the case of paper chromatography, liquid-liquid 
partition chromatography has been used successfully for 
the analysis of complex mixtures of amino acids, fatty 
acids, and dibasic acids. An extension of this technique 
made possible the analysis of glycol and monohydric 
alcohol mixtures which previously could be performed 
only by distillation (3). In the case of certain glycol 
mixtures, unfavorable vapor pressure relations make 
distillation ineffective as a means of separation. - 

Resolution of the lower monohydric alcohols and 
glycols was obtained on silicic acid—Celite columns con- 
taining water as the immobile phase. The alcohols 
were separated with carbon tetrachloride-chioroform 
mixtures as developing solvents. The successive 25-ml. 
eluate fractions were analyzed by dichromate oxidation. 
A typical separation of the C,; to C; normal alcohols is 
shown in Figure 2. Recoveries with known mixtures of 
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Figure 2. Partition Chromatogram of C; te C; Normal Alcohols 


alcohols ranged from 90% to 110% with a detection 
limit of 1 mg., or about 1% of the 100 mg. samples an- 
alyzed. 

Nearly identical conditions were used for the resolu- 
tion of glycol mixtures except that the polarity required 
for the resolution of these materials was obtained with 
mixed butanol-chloroform solvents. The problem of 
analyzing the 10-ml. eluate fractions was solved by the 
use of the acidimetric periodate titration (4). With 
this technique the titration of the 25 to 30 fractions was 
performed rapidly with an over-all recovery of 90% to 
100%. As little as 0.2% of a glycol could be detected 
in a 200-mg. sample. 


GAS CHROMATOGRAPHY 


The latest addition to the growing list of separation 
methods is gas chromatography. In the last five years 
interest in this technique has increased to the extent that 
it is now practically an indispensable tool for analyti- 
cal research. By means of this method it is possible to 
study complex mixtures of gases, liquids, and even cer- 
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Figure 3. Gas Chromatogram of a Monomethyl Butylamine Sample 


tain solids. Separations are effected by the distribution 
of solute vapors between a moving gas phase, such as 
helium, and a fixed liquid phase which is adsorbed on an 
inert solid such as Celite. In addition to analysis, gas 
chromatography can be used for the isolation of pure 
material, much like precision distillation, or to measure 
properties such as vapor pressure, and heat of solution 
since it is a nondestructive method. In the following 
section applications of gas chromatography to a number 
of problems ranging from parts per million analyses to 
the separation of high boiling mixtures will be outlined. 

Research in the pelymer field, as might be expected, 
requires that emphasis be placed on the measurement of 
trace impurities in solvents, monomers, and intermedi- 
ates. It is all too well appreciated that contaminants 
can lead to chain termination, branching, and catalyst 
deactivation. Gas chromatography, as a sensitive 
separation method, has contributed materially to the 
solution of a number of such problems. Figure 3 is a 
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Figure 4. P.P.M. Analyses by Gas Chromatography 


Above, cyclohexane in water; below, cyclohexanol in toluene. 


chromatogram of a methyl butyl amine sample which 
was obtained on a column packed with a mixture of 
25% 2-ethyl-hexanediol-1,3 on Celite at 87°C. This 
sample was shown to contain 100 p.p.m. of combined 
mono- and dimethyl] amines in addition to 0.4% diiso- 
propyl! ether, 0.45% water and significant amounts of 
dimethyl butyl amine and butanol. The quantitative 
measurement of these impurities was readily made from 
simple peak height measurements by reference to cali- 
bration curves obtained under identical conditions. 

The incomplete resolution of butanol observed in Fig- 
ure 3 points to one of the major problems encountered 
in trace analysis by this technique. The problem 
is that of selecting conditions so that the major com- 
ponent occurs either early or late in the chromatogram, 
leaving a clear region for the impurity peaks. This can 
be likened to finding a suitable solvent for infrared an- 
alysis which has “‘windows’”’ for the absorption bands of 
the solute. 
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Figure 5. High Temperature Separations by Gas Chromatography 


Resolution need not be complete, however, as shown 
in Figure 4 which represents p.p.m. analyses for cyclo- 
hexane in water and for cyclohexanol in toluene. By 
drawing in a baseline it was possible to make measure- 
ments at the 20 p.p.m. level to within a few p.p.m. 
These trace analyses could not be made directly on the 
samples because the thermal conductivity detector sen- 
sitivity was inadequate. The alternative of effecting 
concentration by small-scale extraction procedures was 
adopted. In the case of cyclohexane in water, a simple 
extraction into 2,2-dimethyl butane was performed in 
small sealed vessels (11) which gave a 25-fold concen- 
tration. Cyclohexanol in toluene was concentrated to 
about the same degree by adsorption on small silica ge! 
columns and elution with a small volume of ether. 
These expedients made possible the determination of as 
little as 7 p.p.m. of these impurities. The cyclohexanol 
concentrate was analyzed on a 25% silicone oil-Celite 
column operated at 113°C. Analysis of the cyclohex- 
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ane concentrate was made on a similar column but at a 
temperature of 50°C. 

The analysis of relatively nonvolatile materials rep- 
resents a rather unique application of gas chromatog- 
raphy. The upper chromatogram in Figure 5 shows 
the resolution of four polyethylene glycols ranging in 
b.p. from 197° to 328°C. The lower chromatogram in 
Figure 5 is that of five phthalate esters with boiling 
points ranging from 280° to 340°C. These separations 
were made on a silicone grease—Celite column at 190°. 
Each of these cases is remarkable for the completeness 
of resolution of these high boiling mixtures. This was 
possible only after a preheater was installed at the inlet 
of the apparatus to flash vaporize the sample into the 
column. The important relationship between instant 
volatization of the sample and good resolution has been 
stressed in a recent publication (10). It seems fair to 
state that such separations could not have been made as 
rapidly with 2-5-mg. samples by any other physical or 
chemical method. 


(Other papers in this Symposium will appear in the February issue.) 
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CHAIRMAN-ELECT GRANT W. Smitu is at 
present on leave from The Pennsylvania 
State University where he is Professor of 
Chemistry in charge ‘of the general 
chemistry program. He is now serving 
as Program Director for Summer Insti- 
tutes with the N.S.F. He has taught at 
Itasca Junior College (Minnesota), Grin- 
nell College, the University of Kansas 
City, and the University of North Dakota 
where he was professor and head of the 
chemistry department before going to 
Penn State. Industrial experience in- 
cludes five years with the B. F. Goodrich Company, working in 
the field of polymerization. His research publications are in the 
field of surface chemistry and chemical education. He has long 
been active in Division affairs, having completed a three-year 
term as secretary, served as Director of the Penn State Confer- 
ence in 1953 and as chairman of the committee which wrote the 
“Handbook for Chemistry Assistarts.”’ 


TREASURER ELBERT C. WEAVER is another 
temporary resident of the Nation’s capital. 
On leave from Phillips Academy, he is 
serving as senior education adviser to the 
Manufacturing Chemists Association, Inc. 
The experience gained from planning sum- 
mer meetings for the New England As- 
sociation of Chemistry Teachers, his 
intimate knowledge of the workings of 
schoolboy minds, his far-reaching know- 
ledge of what he teaches as well as ideas 
on how to teach, plus the Weaver sense of 
humor, have made him a valuable asset to 
summer conference faculties in Wyoming, Louisiana, and Ala- 
bama. This same enthusiasm for chemistry and its teaching is 
evident in the textbooks, manuals, and film strips he has pre- 
pared. He has served TH1s JoURNAL as 2 member of the Edi- 
torial Board. 
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OFFICERS AND COMMITTEE CHAIRMEN FOR 1957-58 


CuHaAtrMAN Harry H. Sisler and Secretary John F. Baxter were 
introduced to readers of these pages in January, 1957 (see THIS 
JOURNAL, 34, 34 (1957)). Norris W. Rakestraw is past-chair- 
man and remains as a member of the Executive Committee. 
Grant W. Smith, chairman-elect, and Elbert C. Weaver, newly 
elected treasurer, are new personnel this year. 

Alfred B. Garrett, professor of chemistry at The Ohio State 
University, is again serving the Division, this time as councilor. 
The other members of the Executive Committee for the current 
year are: Edwin M. Larsen, University of Wisconsin, member- 
at-large (see THIS JOURNAL, 34, 427 (1957)), and William F. 
Kieffer, College of Wooster, the editor of the JouRNAL or CHEMI- 
caL Epucation. The alternate councilors are: Harry H. Batey, 
Washington State College, and William E. Morrell, University 
of Illinois. 

The Division has a wide-range program of activities. Vigor- 
ous and experienced leadership is provided by the following 
chairmen: 


Committee on Institutes and Conferences: 
Montana State College 

Board of Publication of the JouRNAL or CHEMICAL EDUCATION: 
Melvin G. Mellon, Purdue University 

Examinations Committee: Theodore A. 
University 

Program Committee: Jack G. Calvert, The Ohio State University 

Committee on Teaching of Chemistry: Edward C. Fuller, Beloit 
College 

Committee on Visiting Scientists: Edward L. Haenisch, Wabash 
College; Samuel P. Massie, Fisk University 


William B. Cook, 


Ashford, St. Louis 


The Division is represented on the A.A.A.S. Cooperative 
Committee on the Teaching of Science and Mathematics by 
Frederic B. Dutton, Michigan State University. Hubert N. 
Alyea serves in a similar capacity with Science Service Educa- 
tional Advisory Committee. 

The responsibility for the operation of the JourNaL or CHEM- 
IcAL EpucaTIon rests with the Board of Publication appointed 
by the Executive Committee. Members in addition to Chair- 
man Mellon and the Division officers are: Clark E. Bricker, 
Princeton University, and Robert F. Marschner, Standard Oil 
Company of Indiana. 
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CHEMICAL EDUCATION—THEN AND NOW 


Eprror’s Note: The remarks on these pages are those de- 
livered by Norris W. Rakestraw as the Scientific Apparatus 
Makers’ Award address before the Division of Chemical Educa- 
tion at the 132nd Meeting of the American Chemical Society, 
New York, September, 1957. We know that readers share our 
gratification in being able to open these pages to the man who 
guided TH1s JouRNAL for fifteen years prior to 1955. Its place 
in the world’s scientific literature is a monument to Dr. Rake- 
straw and his conviction that chemical education only begins in 
the classroom. 


So FAR as I am aware, “chemical education” was a 
term unheard of prior to 1921, when the Section of 
Chemical Education of the American Chemical Society 
was organized, largely through the efforts of the late 
Neil E. Gordon. One can read Dr. Gordon’s own 
account of this event, which was prompted by a paper 
which Dr. Harry N. Holmes happened to give at the 
New York meeting of the Society shortly before. 
The purpose of the Section was to provide a means for 
teachers of chemistry to meet together and discuss 
their teaching problems. Scarcely was this accom- 
plished than the next step was taken, the founding of 
the JouRNAL or CHemIcAL EpucatTion (in 1923), 
which was to afford an opportunity to publish such dis- 
cussions. In 1924 the Section attained the dignity of 
a Division of the Society. These events have already 
been recorded in detail.! 

Thus within a very few years chemical education was 
in business as an organized activity. Its progress in 
this country, and its reflections in similar activity in 
other countries, were largely influenced by the prestige 
of the American Chemical Society, and, with time, by 
that of the JouRNAL oF CHEMICAL EpucaTION. 

Chemistry was the first scientific field really to 
organize its educational implications in this way, and 
its accomplishments in this direction have subsequently 
influenced other fields, such as physics, biology, 
geology, and even engineering. 

The words themselves may have been an unfortunate 
choice. How can education be “chemical”? Cer- 
tainly the adjective has a different relation here than it 
has in such terms as ‘“‘chemical constitution,” “chem- 
ical structure,” “chemical analysis.’”” How about 
the analogous terms used in other fields? ‘Engineering 
education” is rhetorically purer; “biological education” 
and “geological education” are just as bad; “physical 
education” is impossible, for it has been preempted by 
an entirely different activity. 

On the other hand, the second word in the term is not 
without disadvantages. Those of us who have been 
close to the problems of the JouRNAL oF CHEMICAL 
EpvucaTion have sometimes wished that it had been 


1 Gorpvon, Nem E., J. Epuc., 20, 369 (1943); 
Paut H., J. Cuem. Epuc., 21, 463 (1944). 
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given a different name. For, illogical as it may be, 
the word “education” has derogatory implications to 
some professional people. 

However, the meaning of a word is finally determined 
by usage rather than by primary definition, and usage 
can change. So how is this term really used? 

The motive behind the Section and the Division of 
Chemical Education was to provide a forum for teachers 
to talk shop, and for the first several years the talk was 
about everyday classroom and teaching problems, about 
such things as the orde” of topics to be taught, the size 
of laboratory sections, and the relation between high 
school and college chemistry. A committee estab- 
lished-to consider the last of these questions was for 
years one of the most important and active committees 
of the Division. 


CHEMICAL EDUCATION ONLY STARTS IN THE 

At one time it was the intent of the secretary of the 
Division to assemble and maintain a current, up-to- 
date file of all the teachers of chemistry in the country. 
Useful as this might have been, tne project proved 
impractical. Nevertheless, while we may accept the 

/view_that the formal relation between student and 
teacher of chemistry, with all the conventional acces- 
sories and paraphernalia which pertain to it, constitutes 
the beginning of chemical education, it is however not 
the end Of it. There-are-at least three-considerations 
which lead to this conclusion. 

” First, it is a common complaint that teachers are 
themselves taught only how to teach and not what. 
Quite aside from the question whether or not this 
complaint is true, it nevertheless reveals a perfectly 
proper interest that the educational process should be 
as much concerned with the content of subject matter 
as with the methods of teaching. 4f=this=is=true, the 
survey of subject matter and its preparation in suitable 
form for presentation is a vital part of chemical educa- 
tion. 

-~There are some who believe that only he who is an 
active and competent research worker is fully qualified 
to teach. While this may be too extreme a view of the 
relation between teaching and research, we must admit 
that it is impossible to separate these two activities 
completely. If research ability, or at least research 
interest, is an important qualification for good teaching. 
to that extent is chemical education interested in 
research as such. 

If teaching is to prepare for a profession (undoubtedly 
one of the first functions of chemical education) it must 
be closely involved in all the activities of the profes 
sion, with the establishment of its standards of ac- 
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complishment, its code of ethics, its qualifications for 
admission. Chemical education is thus concerned 
with all aspects of the chemical profession. ~~~ 

In the broad sense, chemical education bears the 
same relationship to the professiona! field of chemistry 
that general education does to the e-onomic, social, and 
personal lives of all of us methearonid. It is generally 
conceded that education is a process by which the 
individual becomes equipped and fitted to participate 
in the world’s affairs. It therefore involves his prepa- 
ration not only to make his living but also to take his 
place as an intelligent unit in society. When con- 
ceived in these terms education is a process which is 
never completed throughout the life of the individual. 
It is therefore not limited to his formal experience in 
school or college. Most people are properly proud 
that they continue to learn throughout their lives, and 
it would be sad to suppose that a person should not 


become better and better educated as he lives longer , 


and longer. 

Plenty of other agencies than the schools are educa- 
tive. Books, magazines, newspapers, radio, television, 
and many other organized activities have their educa- 
tional aspects. Schools and colleges are the formal 
expressions of all this activity, but education in the 
large sense can go on without them, as we know from the 
common reference to the ‘“‘self-educated man.” 

We can apply this same reasoning to chemical edu- 
cation. It is a purely arbitrary limitation, but not a 
logical one, to restrict it to the confines of the formal 
classroom. On the contrary, it includes all aspects of 
the process by which the chemist becomes fitted and 
equipped to take his place in the chemical profession, 
and also includes the application of chemistry in the 
general educational curriculum and the means by which 
a knowledge of chemistry is disseminated at large. 

This makes it difficult, and perhaps unimportant, to 
draw any clear line between chemical education and 
chemical news, for example. In fact, in a broad sense 
chemical education would include the whole field of 
chemical publication, since the prime purpose of the 
latter is really educative. It may be noted that the 
Division of Chemical Literature is an outgrowth of 
activity within the Division of Chemical Education, 
which mothered it and is proud to acknowledge it as 
one of the educational family. 

Indeed, the statement of specifications for the 
Scientific Apparatus Makers Award in Chemical 
Education is so worded as to recognize a number of 
related educational accomplishments other than formal 
teaching. 

But broad as we may think the conception or sig- 
nificance of chemical education to be, we must be 
realistic as an agency or organization. It should not 
be our purpose or desire to stake out an impossibly 
wide claim for the activity of the Division of Chemical 
Education, or even to try to expand it into an unwieldy 
empire. It should be recognized that the principal 
function of the divisions of the Society is to arrange and 
conduct programs at meetings. To be sure, many 
divisions have gone beyond this, with effectiveness and 
good purpose, and probably no division more than our 
own. 

It is now recognized that many of the activities of the 
Society involve chemical education, and committees 
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have been established within the Society, the Council, 
and the Board of Directors to deal with educational 
problems, one of the most important of which is the 
Committee on Professional Training. So, within the 
Society, chemical education has become too big an 
activity for the Division which bears that name. 
Should this cause us concern? Why? If the meaning 
and significance of chemical education is as broad as I 
have suggested, no single agency could possibly deal 
with it. 

NEW CHALLENGES TO CHEMICAL EDUCATION 


What are some of the considerations which face us 
in this field today which were either unknown or un- 
important thirty-five years ago? The first that comes 
to mind is that of professional training. This has 
certainly been one of the most important problems in 
the last few years, and in its very nature will be a 
perpetual one. Nevertheless, through the excellent 


work of the Society’s Committee on Professional 
Training we may consider it well in hand. 

The discovery of a critical shortage of scientific and 
technical manpower thas uncovered several problems 
needing quick and close attention. The public has 


been alerted to dangers rs implied be 


Strangely enough, the Tesponse to this situation now, 
during peacetime, seems to be much more vigorous 
than it was to the same situation during war. 

The problem which concerns us most vitally is the 
relation of this shortage to an evident ineffectiveness of 
science education in the schools, particularly in the 
secondary schools. We have long recognized many of 
the difficulties of chemical education in the secondary 
schoolgbut because of the nature of our organization, 
have been slow to do anything about them. Now, 
however, the Society has awakened to the fact tharthe 
high school teacher is perhaps the most important 
factor in determining our future supply of trained 
scientific talent. 

If our efforts are to be helpful, however, we must 
realize that this is not merely a question | of chemical 
education, but_of science education in general. ~ We 
must forget any vested interest of chemistry in the high 
school and help to promote all science, as well as mathe- 
matics. If the position of science is strengthened in the 
secondary school, chemistry will come in for its fair 
share, and this does not necessarily mean abolishing 
chemistry as a curricular subject. 

We are in competition with forces which would turn 
young people away from science and technology for 
mistaken reasons. Counselors are themselves poorly 
informed or even wrongly motivated. We must make 
it clear that science is not leading the world to ruin; 
that it is not too difficult for a young man or woman to 
hope to comprehend; that it is not a poorly paid pro- 
fession; that scientists are not all egg-heads and 
“squares.” There is plenty which can be put on the 
positive side of the ledger, and we must see that this 
is clearly shown and understood. 

Even in the larger sense, we must impress young 
people with the fact that knowledge in any field, scien- 
tific or otherwise, is something worth striving for. 
There is too great a temptation for young people—at 
least in this country—to believe that the world is 
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getting along prosperously enough and that there are 
no good reasons for any particular exertion. We know 
very well, on the other hand, that our great need is not 
merely for more scientists and engineers, but for more 
exceptional, top-notch men in these fields—indeed in 
all fields of endeavor. Superior intelligence, superior 
accomplishment, must be sought and striven for. 

There is no need, on this occasion, to recount the 
many attractions which science holds out to young 
people who at this wonderful time in the world’s 
history are contemplating a life career. While we 
might like to emphasize the attractions of chemistry, 
it is for the moment more important to point to the 
fraternity of all science. ; 

How far we have come, even in our lifetimes! Not 
only in technological developments, but more impres- 
sively in our understanding of the world’s phenomena. 
How differently the structure of matter appears now 
than it did when you and I first studied chemistry! 
How much more confident we can be that other mys- 
teries, which we now only glimpse, will some day be laid 
bare. 


NATURE HAS NO “CLASSIFIED” SECRETS 


We are now daring to ask questions and think of 
possibilities which we dared not think of and ask a 
few years ago. Now that we have learned to release 
the energy deep within atoms which we cannot see but 
only imagine, we are coming to believe that there are 
no “classified” secrets of nature. They are all open 
to him who can uncover them. 

It is not long since thunder and lightning, storms and 
drought, the movements of the sun, moon and stars, the 
visitations of sickness and disease, were all mysteries 
enshrouded with religious superstition, not to be ques- 
tioned but only regarded with wonder and awe. Now 
we really know something about them, and can even 
control some of them. 

And this conquest has taken place within a relatively 
short time, as the age of our world is reckoned. The 
very beginning of science and our real knowledge of the 
world was only a few thousand years ago, while man’s 
inhabitation of the earth is probably a hundred times 
longer. But the gradient of the learning curve has 
really become significant only within the last few hun- 
dred years. Does anyone imagine that this curve will 
flatten? The acceleration is much more likely to 
continue. And to what limit—if any? What ques- 
tions will we be asking of nature a hundred years from 
now—or a thousand—or five thousand? Without a 
doubt, some of the questions which now we can imagine 
no way of even attacking will then be matters of 
common knowledge rather than conjecture. 

We are already seriously asking how the earth came 
into being, even the whole universe itself. Of course, 
people have always been interested in this, but we are 


beyond the stage of vaguely imagining or apologetically 
suggesting. Cosmogonists are a reputable group of 
scientists. 

We feel we have more than merely hypothetical 
ideas of how the chemical elements came into being and 
evolved one from the other. 

Scientific discussions of the origin of life are lifting 
the subject out of the realm of symbolism and may soon 
be as commonplace as the annual Gordon Conferences. 

In the realm of practical projects, interplanetary 
travel is a seriously contemplated objective, and people 
now living are hoping to set foot on the moon. 

’A prominent chemist friend of mine, to whom I sug- 
gested that questions like these would before long be 
the subjects of serious research, was unreceptive— 
even somewhat derisive, saying that this was extrapo- 
lating our known data too far. 

I cannot agree with this view; I am afraid it is the 
reactionism of age. 


/ “Lead Kindly Light” is a splendid hymn but its 


intellectual implications are unacceptable. What scien- 
tist can say, “I do not ask to see?” I cannot believe 
that man was intended thus to surrender to frustration. 
On the contrary, he will best fulfil his destiny by striving 
to know. Man’s world will always be a challenge to 
his intellect, and he will never rest as long as there is 
an unanswered question in his mind. He will always 
be pushed on by the urge to glimpse “the principle 
which gives life (that) dwells within us and without us, 
is undying and eternally beneficient, is neither seen, 
nor heard, nor felt, but is perceived by the man who 
desires perception.” 

I have tried to present some of the challenges to 
science education, of which chemical education is a 
part. For after all science education cannot be sepa- 
rated from the advance of science itself. If these are 
not challenges today, they will be tomorrow, or further 
in the future. And here too, let us not keep our eyes 
only upon the one step ahead but rather in the far 
distance. For in that way we shall get the inspiration 
which comes from contemplating the Great Unknown. 

I once wrote :? 


In other words, we want to know—and still not be discouraged 
when it dawns upon us that we never really know. 

Two “‘whys’’ will always rise to take the place of every one we 
learn to answer. 

In such a race we never catch up with ourselves, keep wandering 
into broader fields, always striving hard to see what lies 
beyond the next horizon. 

And on and on, no stop in such a quest; the far horizon still 
eludes us—always will. 

But the wider and the longer is the path we tread down in the 
search, the richer all our life becomes. 

And still we are content to reach no final end. 

Something deep within us drives us on. 


_Man would be less than man without it. 


2 J. Cuem. Epuc., 22, 417 (1945). 
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@ AUGUST KEKULE AND THE BIRTH OF THE 
STRUCTURAL THEORY OF ORGANIC 
CHEMISTRY IN 1858' 


0. THEODOR BENFEY (Trans/ator) 
Earlham College, Richmond, Indiana 


August Kekulé and Archibald Scott Couper almost simultaneously enunciated in 1858 the 
two principles underlying the structural theory of organic chemistry: the tetravalence and self- 
linking of carbon. In 1890, twenty five years after the benzene structure was elucidated by Ke- 
kulé, he made a major speech on the origins and birth of the structural theory at a festival given 
in his honor in the Berlin City Hall. That speech was published in the Berichte der Deutschen 
Chemischen Gesellschaft, 23, 1302 (1890). Parts of the speech have been translated by various 
authors, notably by F. R. Japp in his Kekulé Memorial Lecture.? 

The speech is of such general and contemporary interest, especially in view of the concern for 
the finding and training of creative scientists, that an essentially complete translation is here at- 
tempted. Japp’s translation has been used in unchanged or slightly modified form where suitable 
and represents approximately one third of the present version. 


You are celebrating the jubilee of the benzene theory. 
I must first of all tell you that for me the benzene 
theory was only a consequence, and a very obvious 
consequence of the views that I had formed about the 
valences of the atoms and of the nature of their binding, 
the views, therefore, which we now call valence and 
structural theory. What else could I have done with 
the unused valences? . . . 

My colleagues! We all stand on the shoulders of our 
predecessors; is it then surprising that we can see 
further than they? If we follow the roads built by 
our predecessors or the footpaths trodden by them, and 
effortlessly reach the places which they had finally 
attained after overcoming countless obstacles, what 
special merit is it then if we have some energy left to 
penetrate further into the unknown? 

Everyone of my colleagues has contributed to these 
developments, each in his own way. Certainly you 
cannot blame my colleagues of twenty-five years ago 
for not developing and publishing the benzene theory; 
but, on the other hand, it would be going too far to 
give me special credit for that development. 

Certain ideas at certain times are in the air; if one 
man does not enunciate them, another will do so soon 
afterwards. 

It was said that the benzene theory appeared like a 
meteor in the sky, absolutely new and unheralded. 
Gentlemen! The human intellect does not operate in 
that way. Something absolutely new has never been 
thought, certainly not in chemistry. Anyone who has 
studied the historical development of his science from 
his student days on, as I have, first as a hobby and then 
later, as befits old age, by immersing himself anew in 
thorough studies of the pioneers, can certify that no 
science has developed as steadily as has chemistry. 

Admittedly, during one period of its development, 
which fell partly within my own experience, the very 

1 Supported in part by Research Grant NSG-G4207 of the 
National Science Foundation. 

? Japp, F. R., J. Chem. Soc., 73, 97 (1898). 
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opposite seemed for a time to be the case. Fifty years 
ago, the stream of chemical progress had divided into 
two branches. The one flowed, chiefly on French soil, 
through luxuriant flower-decked plains, and those who 
followed it, with Laurent and Dumas at their head, 
could reap, during the whole voyage, almost without 
effort, an abundant harvest. The other followed the 
course indicated by an old and approved guide-post set 
up by the great Swedish chemist, Berzelius; it led for 
the most part through broken boulders, and only 
later did it again reach fertile country. At length, 
as the two branches had again approached much 
nearer to one another, they were separated by a 
thick growth of misunderstandings, so that those who 
were sailing along on the one side neither saw those 
on the other, nor understood their speech. Suddenly a 
loud shout of triumph resounded from the host of the 
adherents of the type theory. The others also had 
arrived—Frankland at their head. Both sides saw 
that they had been striving toward the same goal, 
although by different routes. They exchanged ex- 
periences; each side profited by the conquests of the 
other; and with united force they sailed onward on 
the reunited stream. One or two held themselves 
apart and sulked; they thought that they alone had 
held the true course—the right fair-way—but they too 
followed the stream. 

Our present opinions do not, as has frequently been 
asserted, stand on the ruins of earlier theories. None 
of the earlier theories has beén recognized by later 
generations as entirely false; each one, when stripped of 
certain ill-proportioned, meaningless excrescences, could 
be utilized in the later structure, and form with it one 
harmonious whole. 

Here and there a seed may have lain in the ground 
without germinating; but everything that grew came 
from seed that had been previously sown. My 
views also have grown out of those of my predecessors 
and are based on them. There is no such thing as 
absolute novelty in the matter. 
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It has been remarked that the benzene theory 
emerged, armed like Pallas Athene, from the head of a 
chemical Zeus. It may have looked that way, but 
even if it did, that isn’t the way it happened. I am in 
a position to clarify the question under discussion. 

My conceptions as to chemical valence and the mode 
of linking of atoms—what we now call structural 
theory—had arisen during my early stay in London. 
As a young instructor in Heidelberg, I put these views 
on paper and shared them with two of my closer 
friends. They shook their heads, full of misgivings. 
I decided that one of two things was not quite ripe, 
either the theory or the time—so I let my manuscript 
stay in the desk: Nonumque prematur in annum. 
More than a year later an article by Limpricht provided 
the occasion for publishing it, though of course in a 
modified form. The article did not gain materially 
from this alteration. It would have suited the purpose 
better had the polemical part not been printed. To 
my mind the earlier form was preferable. 

The benzene theory fared similarly. For almost a 
year it lay completely finished among my papers, till 
the beautiful syntheses of aromatic hydrocarbons by 
Fittig and Tollens led me to publish it. 

We should always leave fruit on trees till it is ripe. 
Unripe fruit brings little gain even to the farmer; 
it hurts the health of those who enjoy it: it particularly 
endangers the young who don’t yet know how to 
distinguish ripe from unripe. 

Someone has spoken of genius and the benzene 
theory has been called a work of genius. I have 
often asked myself: What is a genius and what a 
work of genius? 

It is said that a genius recognizes truth without 
knowing the evidence for it. I do not doubt that even 
in ancient times this kind of thinking occurred. Would 
Pythagoras have offered up a hecatomb if he had 
recognized his famous theorem only after finding a way 
to prove it? 

It is also said that genius thinks in leaps. Gentle- 
men, the growing intellect does not think in leaps. 
That is not given to it. 

Perhaps it will interest you, if I let you know through 
highly indiscreet disclosures from my inner life, how 
I arrived at some of my ideas. 

During my stay in London I resided for a considerable 
time in Clapham Road in the neighborhood of Clapham 
Common. I frequently, however, spent my evenings 
with my friend Hugo Miiller at Islington at the opposite 
end of the metropolis. We talked of many things but 
most often of our beloved chemistry. One fine summer 
evening I was returning by the last bus, “outside,” 
as usual, through the deserted streets of the city, which 
are at other times so full of life. I fell into a reverie 
(Traiimeret), and lo, the atoms were gamboling before 
my eyes! Whenever, hitherto, these diminutive beings 
had appeared to me, they had always been in motion; 
but up to that time I had never been able to discern 
the nature of their motion. Now, however, I saw how, 
frequently, two smaller atoms united to form a pair; 
how a larger one embraced the two smaller ones; how 
still larger ones kept hold of three or even four of the 
smaller; whilst the whole kept whirling in a giddy 
dance. I saw how the larger ones formed a chain, 
dragging the smaller ones after them but only at the 


ends of the chain. I saw what our past master, Kopp, 
my highly honored teacher and friend, has depicted 
with such charm in his “Molekular-welt’’; but | 
saw it long before him. The cry of the conductor: 
“Clapham Road,” awakened me from by dreaming; 
but I spent a part of the night in putting on paper at 
least sketches of these dream forms. This was the 
origin of the “Structural Theory.” 

Something similar happened with the benzene 
theory. During my stay in Ghent I resided in elegant 
bachelor quarters in the main thoroughfare. My 
study, however, faced a narrow side-alley and no day- 
light penetrated it. For the chemist who spends his 
day in the laboratory this mattered little. I was 
sitting writing at my textbook but the work did not 
progress; my thoughts were elsewhere. I turned my 
chair to the fire and dozed. Again the atoms were 
gamboling before my eyes. This time the smaller 
groups kept modestly in the background. My mental 
eye, rendered more acute by repeated visions of the 
kind, could now distinguish larger structures of man- 
ifold conformation: long rows, sometimes more closely 
fitted together all twining and twisting in snake-like 
motion. But look! What was that? One of the 
snakes had seized hold of its own tail, and the form 
whirled mockingly before my eyes. As if by a flash of 
lightning I awoke; and this time also I spent the rest 
of the night in working out the consequences of the 
hypothesis. 

Let us learn to dream, gentlemen, then perhaps we 
shall find the truth. 


And to those who don’t think 
The truth will be given. 
They’!l have it without effort. 


But let us beware of publishing our dreams till they 
have been tested by the waking understanding. 


Countless spores of the inner life fill the universe, but only in a 
few rare beings do they find the soil for their development; in 
them the idea whose origin is known to no men, comes to life in 
creative action. (J. von LieBia) 


I said earlier that in a given period certain ideas are 
in theair. Now we hear Liebig’s view that the germs of 
ideas, like spores, fill the atmosphere. Why, then, did 
the spores of the structure and benzene theory that 
were swarming about twenty-five years ago find the 
necessary food stuffs for their development in my 
head? Again, I must burden you with details from my 
life. 

In high school I showed particular aptitude in math- 
ematics and drawing. My father, who was a close 
friend of a number of famous architects, decided that 
I should study architecture. It seems to be the fact 
that parents normally decide the vocations of their 
sons. Accordingly, I entered the university as studiosus 
architecturae and followed with commendable diligence 
under Ritgen’s guidance descriptive geometry, per- 
spective, shadowtheory, stonecutting, and other in- 
teresting subjects. But Liebig’s lectures tempted me 
to change subjects and this I decided to do. My 
relatives insisted that I take some time to reflect on 
my decision, and thus I spent a semester at the Darm- 
stadt Polytechnic.... Only then could I devote 
myself to my beloved chemistry, under Will’s and 
Liebig’s guidance. 
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My years of apprenticeship took me to Paris, where 
I was able to listen to what I believe were the last 
lectures of the famous Dumas. I spent much time 
with Wurtz with whom a close friendship later 
developed. By accident I met and became friends with 
Gerhardt, who at that time was discovering the acid 
anhydrides and was preparing the completed man- 
uscript of his famous textbook for the printer. A 
stay of a year and a half at a lonely Swiss castle gave 
me ample leisure to assimilate independently the 
insights I had gained from the still unpublished man- 
uscript. My travel years took me farther, to London. 
While Paris gave me the opportunity to become 
acquainted with the unpublished views of Gerhardt, 
so now I had the good fortune to become good friends 
with Williamson and to familiarize myself with the 
mode of thought of this philosophical intellect. Origi- 
nally a student of Liebig, I had become a student of 
Dumas, Gerhardt, and Williamson. No longer did I 
belong to any one school. 

This circumstance and the direction which my 
earlier architectural studies gave my _ intellect—an 
irresistible urge to visualize everything—these seem to 
be the reasons why the chemical ideas which were in 
the air twenty-five years ago found suitable soil 
inside my head. The human being, it seems clear, is 
the product of the conditions in which he grew up; 
no merit accrues to him for what he becomes. 

If I may be permitted to add a lesson for my younger 
colleagues, it is this: Free yourselves from the spirit of 
the “Schools,” then you will be capable of doing 
original work. Remember that it was Mephistopheles 
who advised the scholar: 


Here also it is best 
If only one you hear 
And on the master’s words you swear. 


For one thing only, I believe, do I deserve credit. 
I have loyally followed the advice which that past 
master Liebig gave to the young beginner: 

“If you want to become a chemist,”’ so said Liebig as 
I started work in his laboratory, ‘you will have to 
ruin your health. If you don’t ruin your health 
studying, you won’t accomplish anything these days in 
chemistry.”” That was forty years ago; is it still 
valid today? I loyally followed that advice. For 
many years four or even three hours of sleep were 
enough forme. One night spent with my books did not 
count; only if two or three followed each other did I 
feel I had earned some merit. In those days I had 
acquired such a fund of knowledge that my friends 
considered me more reliable than the Jahresbericht 
(Berzelius’ Annual Review of Chemical Progress). 

Those good days are long past. Of the various 
mental powers, the imagination is the first to go; 
memory follows—fortunately slowly; the longest to 


remain intact is the critical faculty, but this may still 


do good service provided that it rests on the broad 
foundation of solid knowledge acquired by thorough 
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industry. May I draw a moral? I would advise my 
young fellow-chemists to be diligent during their 
youth. 

One cannot explore new countries in express trains, 
nor will the study of even the best textbooks qualify a 
man to become a discoverer. Whoever is content 
to follow well-laid promenades until he reaches 
some pleasant eminence frequented by tourists, may, 
by striking into the thickets, gather some forgotten 
flower; or if cryptograms, mosses and lichens satisfy 
him he may even bring home a well-filled vasculum; 
but anything essentially new he will not find. ‘Whoever 
wishes to train himself as an investigator must study 
the traveler’s original works; and that, too, so thor- 
oughly that he is able to read between the lines—to 
divine the author’s unexpressed thought. He must 
follow the paths of the Pathfinders; he must note every 
footprint, every bent twig, every fallen leaf. Then, 
standing at the extreme point reached by his predeces- 
sors, it will be easy for him to perceive where the foot 
of a further pioneer may find solid ground. 

Surveying everything, I find no reason that could 
have motivated you to arrange this celebration. And 
yet you did arrange this celebration. I believe I can 
tell you why. 

The ambitious little community of chemists, proud of 
its past and full of hope for the future, felt the need, in 
our jubilee-addicted century, to hold a jubilee on its 
part also. In this time of feverish living the period 
could of course not be longer than twenty-five years 
and most theories can’t be preserved for more than 
twenty-five years anyway. Now it is to my regret 
incontestable that as the theory of substitution and of 
types put its stamp on the previous quarter of a century, 
so, for the immediately concluded quarter, next to the 
structural theory it was that theory’s keystone, the 
benzene theory, which was its most characteristic 
signature. Much of importance has been achieved 
in other areas of chemistry; other branches too have 
grown mightily; some to whom the future no doubt 
will belong have newly arisen; but in general the 
parole was: aromatic... . 

I had been of the opinion that the gentlemen from 
industry, among whom I count many valued friends 
and former students, consider only the bee meritorious 
that brings in the honey but not the flower that produces 
the nectar. The flower acts, I thought, out of an 
inner urge, in order to bring pleasure to itself and 
friends. The realization that my opinion was in 
error has provided me the greatest pleasure. 

I cannot deny that some of my studies, including the 
benzene theory, have been of use in the coal tar dye 
industry; but I can assure you, I have never worked for 
technical ends, only for pure science. I have always 
had the greatest interest in industry but I have never 
derived my interests from such sources. Precisely for 
that reason I am doubly happy and doubly thankful 
that the representatives of industry desire to recognize 
my slight contributions to the practical arts. . . . 


| 
| ~+ + : 


THE UNITED KINGDOM NUCLEAR POWER 
PROGRAM 


Barraw’s expanded program for the generation of 
electricity from atomic energy is founded on experience 
already gained and on a critical assessment of technical 
prospects. 

By 1965 it is proposed to build atomic power stations 
with an installed capacity of 6,000 megawatts. This 
represents a threefold increase over the ten-year 
program announced in February, 1955. It means that 
by 1965 Britain will be generating nearly 20% of her 
electricity in nuclear power stations. This is the 
equivalent of just under one-third of her present 
output. 

The main reason for this expansion is that the 
British gas-cooled reactor has been found to have 
greater possibilities of immediate development than 
had been generally realized. 


CALDER HALL 


Electricity from nuclear energy on an industrial 
scale was first generated at the Calder Hall “A” 
station, Cumberland, on the northwest coast of England 
in September, 1956—about a month before the official 
opening of the station. In round figures the station 
had taken three years to design and three years to 
build. It was preceded by just over two years by a 
small Russian station built for experience and training; 
this had an output of 5 megawatts. Calder Hall ‘‘A” 
station, with its two reactors now operating, has a 
net output of 69 megawatts. But although an indus- 
trial scale plant, it was not designed primarily as a 
power station. Its first purpose is to produce plutonium 
for defense, the generation of electricity being secondary. 
The distinction affects the design, cost, and operation 
of the plant. 

By 1959, there will be four of these stations, all of 
the same type. With a net capacity of 276 megawatts, 
they will contribute usefully to electricity generation; 
and, on the basis that their reactors would have been 
built and operated in any case, the generation of 
electricity as a byproduct will be profitable. But 
neither Calder Hall ‘‘A”’ nor its replicas are part of the 
power program. The significance of the Calder 
Hall ‘‘A”’ station is as a prototype. 

The approach to the Calder Hall type of design was, 
in fact, as a prototype for power stations. The 
arguments in its favor were simple; it was the only 
kind of power reactor which Britain could then build. 
With fissile material earmarked for defense, any 
reactor designed for power stations must use natural 
uranium as fuel. Secondly, with natural uranium as 
fuel, the only moderating material which was both 


1 Editor of Science News, published by Penguin Books Ltd., 
Harmondsworth, West Drayton, Middlesex, England. 
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technically possible and available in quantity was 
graphite. 

If a reactor based on these materials was to work, it 
followed that its core would need to be not less than 
about ten meters diameter, and that absorption of the 
neutrons reléased in its fuel elements must be kept to a 
minimum. This, in turn, led to two further conclusions: 
that the coolant must be a gas; and that in circulating 
this gas through the reactor core, the introduction of 
internal piping must be avoided—that is, the reactor as 
a whole must be contained in a pressure vessel. 

Finally, since the pressure vessel would expand 
laterally by as much as five to ten centimeters at its 
working temperature, it must support the weight of the 
reactor, as well as contain the gas to be circulated. 
The thickness of pressure shell which could be fabricated 
thus became of critical importance. It has, in fact, been 
the key factor, first, in making the Calder Hall type of 
reactor possible, now in its further development. 


PRIMARY PURPOSE 


By September, 1950, the case for the Calder Hall type 
had been accepted in principle, and in the following 
January work on a design study was begun. To this 
period there belonged two further decisions—the 
choice of carbon dioxide as the coolant gas, and of an 
alloy of magnesium as the material with which to 
sheathe or “can” the fuel elements. Compared with 
aluminum, magnesium has an advantage of 5 to 1 
from being less absorptive of neutrons, while as a 
conductor of heat, it is inferior to aluminum by only 
about 30%. And by the use of an alloy including 
beryllium, its resistance to corrosion was improved. 
A further major decision was that the fuel elements 
should run vertically through the reactor. 

By 1953, the feasibility of the design had been 
established, but an increased demand for plutonium 
had by then arisen. It followed that, if the project 
was to proceed, the production of plutonium must be 
its primary purpose. A decision to proceed was taken 
in April, 1953, and by May, 1956, the work of engineer- 
ing construction had been completed. Between 
August, 1953, and completion of the station, the labor 
force employed on the site rose from about 500 to a 
peak of 1,700, the average being about 1,000. The 
cost was about £16,000,000 ($44,800,000). 


IMPROVEMENTS 


When Calder Hall was being designed, a pressure 
vessel of 2-inch thickness and about 12 yards internal 
diameter was considered to be about the most that 
could be accomplished. It was realized, however, 
that this could be improved upon. By making the 
pressure shell thicker, it becomes possible both to 
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raise the gas pressure—so reducing the expenditure of 
energy on circulating the gas—and also to use a 
larger and heavier reactor. But with a larger reactor, 
the generation of heat through it can be made more 
even, and there is a greater gain in output than that 
given by the increase in volume alone. 

Before the completion of Calder Hall, it could be 
seen, therefore, that power stations of similar type 
could be developed in which the costs of electricity 
generation would be similar to that in British coal- 
fired stations. A ten-year provisional program was 
accordingly prepared and in February, 1955, was 
adopted and published. 


875,000 KILOWATTS BY 1961 


This 1955 program is already obsolete, and need not 
be given in detail. Certain points from it will, how- 
ever, be useful for comparison. The first stations, 
each of 100,000 to 200,000 killowatts capacity, were to 
be in operation, two of them by 1960-61, and two more 
by 1963. In actual fact, contracts have already been 
given for two stations, and a final order has been given 
for a third with a combined capacity of 875,000 kilo- 
watts for completion by 1960 or 1961. The target for 
1963 will thus have been handsomely surpassed 
merely by these three stations, and with two or three 
years to spare. In addition, two other sites have been 
examined, and a contract for one of them is being 
negotiated. 

The capital cost of the three stations already an- 
nounced will be about £120,000,000 ($336,000,000), 
which is about three times that of comparable coal 
or oil-fired stations. Largely because of this high 
capital cost per installed kilowatt capacity (which it is 
hoped to reduce progressively in future stations) 
total costs per unit are expected to be about the same. 
Moreover, the costs of generating nuclear power are 
expected to fall rapidly through improvements in fuel 
use which already can be foreseen. 

There are interesting differences between the designs 
of the three stations. But the most important point is 
a general one: that they represent together what can 
be done now with a pressure shell of 3-inch thickness, 
and with an alloy of magnesium sheathing the fuel 
elements. In the next batch of stations, pressure 
shells approximately 3'/2 inches thick may be expected, 
with further improvement in performance. 

It may be asked at this stage what sorts of trouble 
may be encountered. There is no fear, in the first 
place, on the score of safety. That the first stations 


have been situated away from any major centers of 
population is rather a concession to public opinion than 
a consequence of permanent policy. Secondly, operat- 
ing experience, first with earlier British reactors, and 
during the last few months with Calder Hall, has 
suggested no reason to expect difficulty. But there 
are certain points—notably maintenance and the 
lifetime attainable in fuel elements—on which ex- 
perience under normal public conditions is clearly 
necessary. 


FUTURE PROSPECTS 


By the late 1960’s, either of two new types of gas- 
cooled reactor may be at the stage of economic ex- 
ploitation. One is a re-designed version of the present 
type using a beryllium alloy to sheathe the fuel elements. 
This would make it possible to raise the upper limit of 
temperature at the surface of fuel elements by at 
least 100°C., say from about 460°C., the most that is 
likely to be attainable with a magnesium alloy, to 
550°-600°C. Apart from metallurgical problems, 
major consequential changes in the reactor will be 
necessary, so that virtually a new type would have been 
created. 

The second possibility is one which, if quickly 
enough developed, may bypass the first. This is the 
“very high temperature’’ reactor, in which the fuel is in 
ceramic form—possibly pellets of uranium carbide 
embedded in graphite. The whole problem of sheath- 
ing is then eliminated, although some others, certainly, 
are created—and the temperature of the outlet gas 
might be as high as 800°C. By 1959, it is planned to 
build a reactor experiment to test this system, followed 
by a low-power prototype, if results at the experi- 
mental stage are encouraging. 


THE DOUNREAY PROJECT 


Finally, mention must be made of the fast-breeder 
reactor, of which an experimental version, producing 
some 60,000 kilowatts of heat, should be in use at 
Dounreay, in Northern Scotland, by 1958. This is a 
research project, not a prototype, but it will also 
produce power. Uranium-235 will be used as fuel. 
The function of the prototype, to be developed from it, 
will be to “breed” from plutonium produced in gas- 
cooled types of reactors. Reactors of this type must 
have a place in the long run in any well-balanced 
program; but they are unlikely to reach industrial 
use before the early 1970’s, when supplies of fuel for 
them will have been accumulated. 


HISTORY DIVISION DEXTER AWARD NOMINEES 


Tue Division of History of Chemistry of the American Chemical Society invites nominations for 


its 1958 Dexter Award. 


“The Award shall be made on the basis of services which have advanced the history of 
chemistry in any of the following ways: by publication of an important book or article; by 
the furtherance of the teaching of the history of chemistry; by significant contributions to 
the bibliography of the history of chemistry; or by meritorious services over a long period 
of time which have resulted in the advancement of the history of chemistry.” 


All information, in duplicate, should be sent by March 10, 1958, to the Secretary, Sidney M. 
Edelstein, Dexter Chemical Corporation, 819 Edgewater Road, Bronx 59, New York. 
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MOLECULAR MODELS WITH VARIABLE BOND 
ANGLES’ 


In recent years with our ever increasing knowledge of 
the major role that stereochemical factors play in de- 
termining chemical reactivity and physical properties of 
molecules, molecular models have become an integral 
part of the research scientist’s tools and an indispensable 
aid to the lecturing professor. There are two basic 
types: the ball and rod type which enables the study of 
the skeletal relationships of atom positions and valence 
bond angles, and the Stuart-type* which was designed to 
observe the exterior contours of the molecule. Both 
types are widely used and are available commercially in 
the popular Brode-Hurd-Boord (‘‘Tinker Toy’’) and 
Fisher-Hirshfelder-Taylor molecular model sets.‘ The 
former employs atoms composed of wooden ba!ls with 
drilled holes to receive wooden pegs which represent 
bonds, and the latter uses wooden balls for atoms which 
have been flattened on the surface areas where snap- 
fastener bond connectors are located. The bond angles 
in both these molecular model sets are fixed, and no ade- 
quate provision is made for the construction of strained 
ring molecules where the bond angles vary from the 
normal bond angles of unstrained molecules. 

Recently several modifications of these two types of 
models have been introduced, principally in England, to 
overcome this lack of versatility.’ Except for one 
molecular model set which has 26 holes drilled in the 
atom balls to increase the number of bond angle possi- 
bilities, all these modifications introduce a flexibility 
into the bond rods and bond connectors rather than 
provide for variable bond angles. The results as a 
consequence are not completely satisfactory. The 
models are still either incapable of forming highly 
strained structures, or provide only distorted represen- 
tations, or are a maze of assembly complexities. To 
overcome these inadequacies, a set of models has been 


1 Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 

. 2 Inquiries regarding these models should be made directly to 
the author, Synthetics Department, Hercules Powder Company, 
Wilmington, Delaware. 

3 Sruart, H. A., ‘‘Molekiilstrucktur. Bestimmung von Mole- 
kiilstrukturen mit physikalischen Methoden,’’ Bd. XIV of 
“Struktur und Eigenschaften der Materie in Einzeldaistellun- 
gen,” Julius Springer, Berlin, 1928. 

‘The Brode-Hurd-Boord models are sold by E. H. Sargent 
and Company, 4647 W. Foster Ave., Chicago 30, Illinois; the 
Fisher-Hirshfelder-Taylor models are made by Fisher Scientific 
Company, 717 Forbes St., Pittsburgh 19, Pennsylvania. 

5. An excellent review of recent modifications is given by 
Nicnotson, D. C., Chem. Eng. News, 30, 3164-7 (1952). The 
Hartley-Robinson space-filling atomic models are described 
briefly in Nature, 175, 666 (1955); they are sold by Griffin and 
Tatlock, Kemble Street, Kingsway, London W.C. 2. 


LEE A. SUBLUSKEY?’ 
Hercules Powder Company, Wilmington, Delaware 


developed at our laboratories in which the bond angles 
of the atoms are truly variable. 

These models are of the ball and rod type. The balls 
are molded from rubber and the bonds are turned from 
aluminum rod. The bond holes in the balls are formed 
during the molding process and have an enlarged spheri- 
cal cavity at their innermost depth (Figure 1). The 
angles between the bond holes correspond to the values 
normally used; that is, 109° 28’ for carbon, 111° for 


Figure 1. Cross section of doubly bonded carbon atoms. 

Figure 2. a, Carbon-carbon single bond; b, hydrogen-oxygen bond with 
circumferential indentation; c¢, carbon-carbon double bond; and d, bond 
restraining clip. 


Figure 1 


oxygen, 109° for nitrogen, etc. However, by choosing 
a rubber stock of proper hardness and resiliency, the 
bond angles can be made to vary from their original 
fixed positions when a sufficient stress is placed upon the 
bonds. The ends of the bonds are turned down to a 
terminal spherical enlargement (Figure 2) that is com- 
plementary to the bond holes in the rubber balls and 
when in place provide a ball-in-socket fastening 
mechanism. This was found necessary because the 
bonds when forming a highly strained angle tend to 
work themselves free from the rubber ball unless they 
are held securely in place with respect to the center of 
the ball. 

Free rotation about a single bond is a natural con- 
sequence of this ball-in-socket fastening mechanism. 
Forming double and triple bonds, which incidently uses 
the same balls that are used with single bonding, is done 
with curved aluminum bond rods (Figures 1 and 2). 
With a proper degree of curvature in these multiple 
bond rods, sufficient strain can be introduced in the 
bonding of the two balls to hold them rigidly in place 
with respect to one another. This of course is as it 
should be with the multiple bonding of atoms. 

As mentioned above, actual variation of the angles is 
brought about by placing sufficient stress on the inserted 
bond rods. With structures that are inherently 
strained like the bicyclic terpenes and small ring com- 
pounds (for example, tricyclene and propiolactone, 


6 Pauuine, L., ‘Nature of the Chemical Bond,” 2nd ed., 
Cornell University Press, Ithaca, New York, 1945, pp. 79-80. 
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Figure 3), these stresses are derived from the structures 
themselves. The bond restraining clips shown in 
Figure 2, however, provide another means for exerting 
stresses. These clips, which engage the bond rods at 
circumferential indentations a short distance from the 
inserted portion of the bond rods, allow variation of 
bond angles to specific values depending on the dimen- 
sions of the clips. In this manner, accurate representa- 
tions can be made of the bond angles of like atoms that 
differ in various molecules because of changes in the 
character of the bonding forces between atoms or be- 
cause of changes in the nonbonded interactions be- 
tween various surrounding atoms. For example, the 
angle between the valence bonds of oxygen in a water 
molecule is 105°, whereas in methanol this angle is in- 
creased to 106°, and in dimethyl ether to 111°. Using 
oxygen atoms in which the cavities have been molded 
into the rubber balls at an angle of 111°, all three of 
these molecules can be constructed by employing suit- 
able bond restraining clips with the methanol and di- 
methyl ether representations. Similar adjustments for 
variations from normal bond angles can be made for 
any of the other multiple bonded atoms by using suit- 
able restraining clips and bond rods that have the cir- 
cumferential indentations (Figure 2). 

The scale used in designing these models was 1.42 in. 
per Angstrom. The lengths of the various aluminum 
bond rods (including the multiple bonds) were cut to 
provide scaled internuclear distances that correspond 
to the currently accepted values derived from covalent 
radii. The diameters of the atom balls were scaled to 
the currently accepted values of van der Waals diam- 
eters,’ but the scale was only one-fourth of the scale used 
for the internuclear distances. Reducing the scale of 
the diameters was done primarily to give a ball-and-rod 
type model; however, maintaining a proportional scale 
provides those users who have three-dimensional imag- 
inations a basis for visualizing the exterior forms of the 
molecule and various groups of the molecule. In addi- 
tion to this, having systematic values for the diameters 
of the atom balls enables convenient measurement and 
calculation of the actual distances between atoms and 
groups of a molecule. Calculations of this type on a 
model of cyclohexane have proved to be accurate within 
4% of thevalues recently determined by vector analysis.® 

Making the bonds for these models was a relatively 
simple, straightforward operation. Aluminum rod 
'/; in. in diameter was cut to the appropriate lengths 
and then turned in a lathe to form the terminal spherical 
enlargements. In the case of double and triple bonds, 
the rods were then bent to their proper curvatures with 
the aid of a vise-like jig. 

Making the molds for the rubber balls required more 
elaborate machining. With hydrogen, for example, 
two halves of a four-ball mold were turned from two 
1- X 8- X 8-in. pieces of stripper plate steel. Circular 


cal cavity. Then, centering pins and holes were placed 
in two diagonally opposite corners of the mold halves. 
Pins to form the bond holes were turned to the same 
shape as the ends of the bonds and then permanently 
set into the cavities of one of the mold halves. With 


Ibid., p. 189. 


* Corny, E. J., and R. A. Sneen, J. Am. Chem. Soc., 77, 2505 
1955). 
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overflow channels were turned around each half-spheri- | 
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D, propiolactone; 


A, Propane; B, cyclopropane; C, cyclopropene; 
E, water; F, tricyclene; and G, dehydroabiethylamine. 


atom balls that had more than one bond hole, such as 
carbon (Figure 4), the bond hole pins were made 
removable by setting them into large screws that can 
be withdrawn from the outside of the mold. This is 
necessary because the converging bond hole pins hold 
the molded ball securely and prevent the separation of 
the mold halves until they are withdrawn. 

Two basic rubber formulations were employed in 
molding the balls. The one containing a high percent- 
age of carbon black fill (see table) was used for the car- 
bon atoms which are black. The second formulation was 
used for the other atoms and was pigmented according 
to the colors desired. These colors followed the same 
color code used in the Fisher-Hirshfelder-Taylor models. 
Molding was carried out in a steam-heated vulcaniza- 
tion press that was thermostatted to 287°F., and molding 
time at this temperature was ten minutes. To ensure a 
perfectly molded ball, an excess of molding stock was 
used. Asa result the overflow seams had to be trimmed 
after the ball was removed from the mold. This was best 
accomplished by rough-trimming with a knife and then 
smooth-finishing by rotating the rubber balls in a ball 


Figure 4. Carbon Atom Mold 
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mill jar that had been previously lined with fine emery 
cloth. 


Rubber Formulations 
% 
For carbon atoms wt. 


Natural rubber 
(smoked sheets) 
Carbon black 
Zine oxide 
Stearic acid 
Antioxidant and 
accelerator 
Paraffin wax 
Sulfur 


For other atoms 


Natural rubber 
(smoked sheets) 

Calcium carbonate 

Titanium oxide 

Zine oxide 

Stearic acid 

Antioxidant and 
accelerator 

Paraffin wax 

Sulfur 

Coloring pigment 


In practice these models have proved completely ver- 
satile. Unstrained structures like water and propane 
are as simple and quick to assemble as highly strained 
structures like cyclopropane and cyclopropene (Figure 
3). Once assembled, the models, because of their ball- 


in-socket fastening mechanisms, are characterized by 
exceptional manipulative stability. Typical of this is 
the complicated dehydroabietyl amine structure (Figure 
3) which can be thrown repeatedly against a wall or 
other hard surface without falling apart. 

The simplicity of design makes these models partic- 
ularly suited to mass production methods. It is 
hoped that they will be made commercially on a scale 
large enough to make them available to all who have 
long felt the need for a “‘rod-and-ball’’ molecular model 
set that combines the elements of accuracy, sturdiness, 
and the versatility that is inherent with bond angles 
that are truly variable. 
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THE VAPOR PRESSURE OF CURVED SURFACES 


Ix 1871 Lord Kelvin (1) showed that in a one com- 
ponent system the vapor pressure in equilibrium with a 
curved surface of a liquid enclosed in a capillary would 
be “less at a concave than at a plane surface of liquid 
and less at a plane surface than at a convex surface.” 
These different vapor pressures are related by the well- 
known formula (2): 


In Pr/Ppo = + (1) 


where p, and po are the vapor pressures of surfaces the 
radius of curvature of which is indicated by the sub- 
script, o is the surface tension, and. vz is the liquid 
volume per molecule. It will be shown below that 
this equation is applicable only to those curved sur- 
faces in which the surface tension changes the pressure in 
the confined liquid, namely, for small liquid drops and 
capillary condensate, but not for vapor bubbles within 
the liquid, Since these limitations are repeatedly 
ignored in almost all textbooks, we repeat and elaborate 
upon the statement of Déring (3) that “the [equilib- 
rium] vapor pressure [of bubbles] is completely in- 
dependent of the form of the surface.” 

The thermodynamical basis for this discussion is the 


1 Work performed under the auspices of the Atomic Energy 
Commission. 


E. F. HAMMEL 


University of California, Los Alamos Scientific Lab- 
oratory, Los Alamos, New Mexico 


variation, at constant temperature, of the fugacity with 
pressure (4) 

d in p* 

dP id 

where p* is the fugacity and P the pressure in the 
condensed phase.? Integrating to obtain the relation- 
ship between the fugacity of a liquid bounded by a plane 
surface and that with a radius of curvature r at pres- 
sures PE and P®, respectively, we have neglecting the 
compressibility of the liquid 


In p;/p., = (PP — 


If we use as a reference state the plane liquid surface 
under its saturated vapor pressure, and consider only 
pressures so low that deviations from ideal gas behavior 
may be neglected, we may rewrite the above equation as 


In = — pw) vx/kT (2) 


where p., is the saturated vapor pressure in equilibrium 
with a plane surface of the liquid. 

The pressure in a liquid bounded by a spherical inter- 
face of radius r is given by the Laplace equation 


PE = PY + 2e/r (3) 


2 Note that for a plane surface the pressure on the phase and 
in the phase are identical. 
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where the plus sign is to be taken when the liquid sur- 
face is convex and the minus sign when it is concave. 
PS is the pressure in the phase external to the liquid. 
These are the fundamental equations (2 and 3), which 
we now apply to the following special cases: 

(1) The vapor pressure of small drops. If P! =p., 
we derive for drops equation (1) with the plus sign. 
PY may have any positive value, however, so that 
the most general relationship is 


In p-/po = (PY — po + 2e/r)vL/kT (4) 


As pointed out by Volmer (4), for drops in equilibrium 
with their own saturated vapor (P’ equal to p,) the 
small difference p,—p.. is usually neglected. 

(2) The vapor pressure of liquids in capillaries. In 
this case we have from equations (2) and (3) (with the 
minus sign) 


In pr/po = (P} — po — 2e/r)vr/kT 


Setting PY equal to p,, and neglecting the difference be- 
tween p,. and p, in comparison with 2¢/r we again ob- 
tain equation (1), this time with the minus sign. 

(3) The vapor pressure of bubbles in liquids. As is 
well known (6), vapor bubbles in liquids may exist in 
unstable equilibrium only when the external pressure 
on the liquid is less than the saturated vapor pressure. 
This external (together with hydrostatic) pressure also 
defines, as shown below, the radius of the equilibrium 
bubble. If the pressure in the liquid at the bubble is 
Pp’, the vapor pressure in the bubble is given directly 
by equation (2) except that the subscripts r are un- 
necessary, since there is no dependence of vapor pres- 
sure upon radius. The radius of the equilibrium bubble 
is then obtained, as shown in the figure, from the 
simultaneous solution of equations (2) and (3) or 


Teq = 2e{po exp [(P¥ — po)wr/kT] — 


Although the thermodynamics discussed above seems 
quite straightforward, the distinction between the 
treatment of bubbles and capillary condensate has 
not always been made. The history of the subject 
is of interest especially because it illustrates the con- 
fusion which has surrounded this problem for many 
years. In 1934 Kaischew and Stranski (6) derived an 
expression for the rate of formation of bubble nuclei in 
liquids. In their derivation they assumed that the 
vapor pressure within a bubble was given by equation 
(1) with the minus sign. Simultaneous solution of 
equations (1) and (3) then yielded the equilibrium 
radius. Their derivation of the rate of bubble nuclei 
formation required for its further development specifi- 
cation of the vapor pressure of other than equilibrium 
radius bubbles. Although it would appear consistent 
to have used equation (1) to provide the desired radial 
dependence of the bubble vapor pressure, Kaischew and 
Stranski chose to assign to bubbles of all sizes the vapor 
pressure of the equilibrium sized bubble. 
Déring (7) “corrected” this “omission” on the part of 
Kaischew and Stranski, rederiving an expression for the 
rate of bubble nuclei formation in liquids but this time 
retaining the radial dependence of the bubble vapor 
pressure as given in equation (1). Several months later 
he published a correction (3) to his original paper based 
on the approach reiterated above. In a footnote he 
acknowledges that, although Professor Stranski had 
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In 1937 


PRESSURE 


Feq RADIUS 


Radius of the equilibrium bubble in a superheated liquid, the saturated or 
orthobaric vapor pressure of which is po, the equilibrium vapor pressure of 
which under a combined external and hydrostatic pressure P“ < pa is p. 


meanwhile pointed out his error, he himself had in- 
dependently arrived at the same conclusion. Sub- 
sequently Volmer treated the problem again in his 
book ‘“‘Kinetik der Phasenbildung (5)."’ There, al- 
though Déring’s corrected version of bubble formation 
is presented, Volmer’s treatment is not completely con- 
sistent. On page 157 it is pointed out that, since the 
thermodynamic potentials are the same in both liquid 
and vapor phases p../p,,,.~ 1 provided one avoids large 
negative pressures in the liquid. On page 164, however, 
the erroneous relation between p; and p~ obtained from 
eliminating 2c/r from equations (1) and (3) is still 
utilized. 

Interest in this subject has recently arisen due to the 
development of bubble chambers (8). Although no 
quantitative verification of these views is as yet avail- 
able, calculations and engineering design work have 
both been based on the “corrected” Déring version. It 
is hoped that eventually conditions of bubble formation 
will be sufficiently well defined to provide an inde- 
pendent experimental verification of Déring’s treat- 
ment. 
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THE LOGARITHM OF “‘TEN APPLES” 


Onze of the first things a student learns about log- 
arithms is that he can take the logarithm only of pure, 
dimensionless numbers. One may take the logarithm 
of 10, but not the logarithm of 10 apples. Nevertheless, 
many of the relationships of physical chemistry contain 
the logarithms of quantities which appear not to be 
dimensionless. The free energy per mole of a gas at 
pressure P, for example, is given by 


F=F°+RTInP (1) 


where P is expressed in atmospheres. For some fre- 
quently unspecified reason, P must not be in any other 
pressure units. The standard free energy change for 
a chemical reaction is related to the equilibrium con- 
stant by the equation 


AF° = —RT In Ky (2) 


Units involving pressure, again in atmospheres, are 
often assigned to the equilibrium constant. The 
Arrhenius equation, relating the specific rate constant 
for a reaction to the temperature is 


E 
Ink =InA — RT (3) 
where k has units involving time. It is surprising that 
this odd use of mathematics is not questioned by 
students more often. 

In many instances the explanation lies in the choice 
of a standard state with which comparison is made. 
Equation (1) arises in the following way. For one mole 
of an ideal gas at constant temperature, the variation of 
free energy with pressure is given by 

dF = VaP = ue dP = RTd(In P) 


Integrating from F° and P° to F and P gives 


P 

F — F°= RT In P® 

where the superscripts indicate some chosen standard 

state. For convenience, the standard state for a gas is 

chosen as 1 atmosphere pressure. Thus (P/P°) be- 

comes numerically equal to P. It would, perhaps, be 
better to write equation (1) as 


F =F°+RTInP’ (4) 


where P’=P/P° is a dimensionless quantity numer- 
ically equal to P. The necessity for expressing P in 
atmospheres becomes clear, since otherwise, with 
P° = 1atm., P’ would not be dimensionless. 

To understand equaiion (2), let us consider the units 
of the equilibrium constant, K,, for the typical reaction 


aA + bB=cC + dD 


JAMES E. BOGGS 
The University of Texas, Austin 


The change in free energy during the reaction is 
AF = = cF¢ + dF p = GF 4 bF 


and the standard free energy change is 
AF® = cF°c + dF°p — aF°a — bF°s 


The free energy of c moles of substance C at constant 
temperature is given, from equation (4) as 


= cF°c + cRT In P'c 
and similarly for the other substances. Thus, 
AF = AF° + ln P’c + P’p — aln — In P's) 
or 


(P’c)(P'p)4 


AF = AF° + RT In 


At equilibrium, AF = 0, so 


ape = — RE 
Since AF°® is a function of temperature only, the right- 
hand side of this equation must also be a constant at 
constant temperature, and can be represented by 
(P'c)(P'p)4 _ 


so that 
AF° = —RT In Kp 


This derivation is quite standard, except that here we 
have used the dimensionless quantity P’, instead of the 
usual symbol P, representing the actual pressure meas- 
ured in atmospheres. Equation (5) shows that the 
equilibrium constant must be a dimensionless quantity. 
To assign units to it is completely erroneous, since its 
derivation involves the dimensionless ratio P/P°, 
rather than the pressure itself. 

An extension of the argument we have used here 
would show that the more general thermodynamic 
equilibrium constant expressed in terms of fugacities, as 
well as the equilibrium constants expressed in con- 
centrations, activities, or mole fractions, would be 
dimensionless. In the case of concentrations, for ex- 
ample, the quantity which enters into the equilibrium 
constant is not the concentration of the given reactant. 
but the ratio of its actual concentration to the concen- 
tration in the standard state. For the solute in a solu- 
tion, the standard state is taken to be 1 molar concentra- 
tion or, in the case of non-ideal solutions, unit activity. 
The equation 


Kp= K,P4n 
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equilibrium constants, should be written 
Kp = K,(P’)An 


where P’, as before, is a dimensionless number numeri- 
cally equal to the actual pressure expressed in atmos- 
pheres. 

For equation (3), a different explanation must be 
used, since standard states are not involved. The 
yariation of the specific rate constant for a chemical 
reaction with temperature is given by 


k = Ae—2/RT 


The logarithm of this cannot be taken directly, since 
k has dimensions, but it can be rearranged to 


‘ = e—E/RT 


The exponential term is dimensionless, so k and A must 
have the same units, and k/A is dimensionless. Taking 
the logarithm, we have 


=- 


commonly given to relate pressure- and mole fraction- 


There are two pure numbers, « and a, which are in the 
same ratio as k and A. Making this substitution, 
equation (6) becomes 


= 
RT 
and 
— 
RT 

Equation (3) is correct, then, only if k and A are under- 
stood not to have their usual meanings, but to repre- 
sent pure numbers numerically equal to the actual k and 
A. 

We have seen that, however deceptive it may appear, 
any quantity of which the logarithm is taken, truly 
is a pure, dimensionless number. In our three illustra- 
tions the deception took the form of comparing a 
physical property with the corresponding property in a 
standard state, of the error which is occasionally made 
of assigning units to an equilibrium constant, and of 
the replacement of a physical quantity by its numerical] 
equivalent. 


l 


Ix most of the textbooks on quantitative analysis, 
the initial experiment suggested is the determination 
of the water of hydration of BaCl,-2H,O. This is 
done both as an introduction to the use of the analytical 
balance and also as a means of teaching the students the 
importance of cooling samples in a dessicator. By 
comparison with the true percentage of H,O, the 
student can also gain confidence in his ability. 

Some years ago the author decided to vary this 
experiment by using samples which were poorly mixed, 
in order to show the students the importance of having 
a properly taken, uniform sample. As done at Newark 
College of Engineering the student received a sample 
prepared from BaCl2-2H,O and a non-hydrated salt, 
such as NaCl. This sample is not well mixed, but the 
components have been accurately weighed so that the 
theoretical percentage of water can be calculated. 

The student has to grind and mix the complete 
sample before weighing out one-gram samples for 
analysis. He discovers that he must have a mortar 


He also learns about mixing on paper by rolling. 
Poor precision in his results indicates incomplete 
mixing, at which point he finds that the sample is 
spoiled and he must get a fresh sample. The student’s 
reaction to this is to worry about the uniformity of 
every sample he gets. 

In most cases good agreement with the theoretical 
result is obtained, as is shown by the figure, where the 
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and pestle combination which is clean, dry, and cool. — 
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absolute deviation is plotted against the percentage of 
determinations having that deviation. This graph is 
the summation of several hundred determinations, the 
percentage in perfect agreement (about 4%) being 
about the same as the percentage of students who 
requested new samples because of poor precision. As 
new classes add their results, the graph approaches 
closer to the ideal probability curve, as might be 
expected. The fact that the peak of the curve comes 
toward the negative side may indicate that students 
actually do not get perfect drying. 


20| NEGATIVE DEVIATION 


POSITIVE DEVIATION 


% OF TOTAL DETERMINATIONS 
a 


Os 04 


0.3 a2 al 
Distribution of Error in Determination of Water 


0.3 04 05 


The results to date indicate that the addition to the 
traditional initial experiment is justified, and that it is 
one which may be of interest to other teachers of 
analytical chemistry. 
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THE SOLUBILITY OF ACETATES 


Professor F. J. Allen of Purdue University pointed 
out that textbooks? sometimes make the generalization 
that all acetates are soluble while in fact some are only 
slightly soluble or even quite insoluble. 

Silver acetate has a solubility quite comparable to 
that of lead chloride which is generally considered as 
only slightly soluble. At 25°C. the silver salt dissolves 
to the extent of 11.2 g./l. while solubility of the lead 
salt is 10.7 g./l. (1). On a mole basis it is less than 
twice as soluble so that in terms of equivalents silver 
acetate is actually less soluble than lead chloride 
(67 versus 76 meq./1.). 

Mercury(I) acetate is even less soluble: 1.024 g./l. 
at 21°C. (1). For this compound there is another 
value in the literature: 7.5 g./l. at 12°C.* I have been 
able to track this second value only to an original 
article (2) which does not mention this value or, in 
fact, any other aqueous solubility! 

Bismuth acetate, which is sometimes listed as 
insoluble, probably decomposes (3) in water. The 
basic acetate or bismuthy] acetate, BiOC.H;02, which 
according to Gmelins (4) is (or at least was) an article 
of commerce, is insoluble in water. 

Beryllium forms an acetate Be(C:H;O2)2 (5) and a 
basic acetate BesO(C2H;0:2). (6) which are insoluble in 
cold water but dissolve with decomposition in hot 
water. However, soluble beryllium salts give no pre- 
cipitate when mixed with solutions containing the ace- 
tate ion, even in the presence of an equivalent of OH-. 
Chromium(II) acetate, a red compound, is said to be 
slightly soluble in water (7), but I could find no quanti- 
tative data. 

Finally, one might mention Paris green which is an 
insoluble copper acetatoarsenite. 

Thus it seems that acetates cover a wide range of 
solubilities, but those generally encountered in elemen- 
tary qualitative analysis after elimination of Group I 
are among the soluble ones. 


1 Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, Chemistry Depart- 
ment, University of Southern California, Los Angeles 7, Cali- 
fornia. Contributors of discussions in a form suitable for publi- 
cation directly will be acknowledged as guest authors. 

2 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 
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THE EFFECT OF LIGHT ON REACTIONS 


Professor Sementsov of Lafayette College directs 
attention to the fact that there are still books? which 
state that the effect of light on certain reactions is 
catalytic. While to some extent this is a matter of 
definition of the word used, it is likely that there is 
here an unintentional carry-over from times when the 
role of neither light nor catalysts was well understood 
and the latter term had a much broader meaning. 

A catalyst is at present generally considered to alter 
the rate of a reaction and possess two characteristics: 
It is not consumed in the course of the reaction and it 
does not affect equilibrium. In contrast, light which 
affects a reaction must be absorbed and, in general, it 
does alter the equilibrium. That light can affect 
reactions only to the extent that it is absorbed (and 
its energy used to activate some reacting species) is the 
old Grotthus (8)-Draper (9) law, but the effect on 
equilibrium is perhaps less widely appreciated. 

The photo effect on equilibrium occurs when illumina- 
tion is absorbed by one of the species and accelerates 
its reaction to a greater extent than it affects the 
reverse reaction. Thus (/0) a mixture of the dye 
thionine (0.01 g./l.) and iron(II) sulfate (1.0 g./l.) is 
bleached by absorbed sunlight which accelerates the 
reduction of the dye to a leuco compound. In the dark, 
however, equilibrium is re-established as the iron (III 
ions thus produced slowly oxidize the leuco compound 
back to the dye. 

A particularly nice example of the shift of steady state 
produced by light has been given by Brode and his 
co-workers (1/1). There are two isomers of thio 
indigo, a cts and a trans, which have quite different 
absorption spectra and, therefore, colors. Illumination 
with light absorbed preferentially by one of these 
isomers causes a shift of composition towards the other. 
nonabsorbing, isomer. By illumination with light 
absorbed preferentially by this other isomer, the 
opposite shift can be produced at will. Thus the dye 
solution adapts itself like a chameleon to the color of 
the light by which it is observed. 

The students are certainly less likely to become 
confused if the action of light is described—just 
like the action of heat—as accelerating or causing 4 
reaction and not as catalyzing it. 


DISCUSSED ELSEWHERE 


A number of textbook errors have been discussed 
elsewhere in sufficient detail to make a full presentation 
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in this column unnecessary. It may be well worth- 
while, however, to mention their subject and give the 
reference for completeness of the record. 


Le Bell and Tetrahedral Carbon. Professor Sementsov 
has called attention (/2) to the fact that many text- 
books credit, explicitly or implicitly, Le Bell (along 
with Van’t Hoff) with originating the tetrahedron 
theory while in fact both introduced the concept of 
the unsymmetrical carbon atom, but Le Bell for a 
long time opposed the tetrahedral model and even 
tried to disprove it experimentally. 


The Production of Aluminum. Dr. B. Clifford 
Hendricks, Professor Emeritus of the University of 
Nebraska, now of Longview, Washington, has pointed 
out (13) that, contrary to common statements, cryolite 
js used up significantly in the Hall process of winning 
aluminum. This is of importance both in economics 
and in air polution. 


Fumaric Acid. Most biochemical texts erroneously 
give, according to Professor Patton of Colorado A. and 
M. (14), a cis formula for fumaric acid which in reality 
is the trans isomer of maleic acid. 
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A SIMPLE FLOW INDICATOR 


A sImPLE flow indicator can easily be constructed with 
a small piece of glass tubing and a few inches of wire. 
This flow indicator provides a means for the visual 
observation of the flow rate of water circulated through 
a water-cooled condenser. 

The system operates in accordance with Bernoulli’s 
principle: When a fluid is in steady flow, its pressures 
will be high wherever its velocity is low and, conversely, 
its pressure will be low wherever its velocity is high. 
The insertion of a piece of glass tubing into the rubber 
tubing connected to the outlet of a condenser creates a 
constriction within the column of flow and presents an 
application of this principle. This constriction causes 
an increase in flow velocity and a decrease in pressure. 
This results in air being channeled by a piece of wire, 
inserted between the glass and rubber tubing, into the 
condenser flow causing a bubble-stream. Any change 
in flow rate will produce a corresponding change in the 
bubble formation and speed of travel. 
observation of the bubble-stream is all that is needed to 
insure that proper water flow is being maintained. 

For the indicator to function properly, a steady flow 
must be maintained through the tubing, and the 
indicator should be placed on the outlet, or upper, 
side of the condenser in order that no hydrostatic 
pressure is acting against it. 

The glass tubing used for the indicator should have 
the following approximate dimensions: length, 17 cm.; 
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inner diameter, 8 mm.; wall thickness, 1 mm. A 
piece of corrosion resistant wire 5 to 7 cm. long and 1 
to 1.5 mm. in diameter provides the air channel be- 
tween the glass and rubber tubing. Bend about 1 cm. 
of one end of the wire into a sharp hook and place the 
hook over the end of the glass tube. Insert the glass 
tube with wire in place between two pieces of rubber 
tubing connected to the outlet side of the condenser, 
as shown in the figure. At least 12 cm. of glass tubing 
should be visible. Adjust the rate of water flow and 
observe the bubble-stream in the glass tube. Any 
deviation from this observed bubble-pattern is indic- 
ative of a change in the rate of flow through the system. 


A Simple Flow Indicator 


7 
Wire Condenser 
insert Gloss Tube to 
Complete Connection 
Tubing 
to Sink 


SEMINARS WITH AUDIENCE PARTICIPATION 


Tue presentation of seminar talks before the faculty 
and fellow students, based on current literature, is a 
method of instruction which has been used for many 
years in graduate work in chemistry. This form of in- 
struction has also been used to a certain extent in un- 
dergraduate work.” 

In the usual college chemistry course the laboratory 
reports, the quiz and examination, as well as term 
papers, provide the student with considerable experi- 
ence in the written expression of this discipline. Where 
classes are large, effective supervision of written work 
through careful evaluation and correction may become 
difficult because of the heavy burden on the instructor’s 
time. This is particularly true in the case of term 
papers because by their very nature they require at- 
tention at the end of the semester when time is at a 
special premium. Moreover, when returned to the 
student at this time, it is so late that usually little is 
done by the student in the way of revision or correction. 

In an advanced inorganic chemistry course, given for 
juniors, seniors, and graduate students, the writer 
sought a more effective tool for instruction than the term 
paper, after having required such a paper as part of the 
work in a number of previous classes. Advanced inor- 
ganic chemistry courses are well known to be highly in- 
dividualistic, varying all the way from practical courses 
of preparation involving the less common elements to 
those stressing atomic structure and the more theoretical 
aspects of inorganic chemistry. 

The course in inorganic chemistry for which the semi- 
nar type of instruction discussed in this paper was de- 
veloped is based on the assumption that learning to use 
the chemical library and literature to prepare talks and 
develop laboratory projects of a modest scope offers the 
most promising method of instruction in this field. 

It was because of dissatisfaction in the working out of 
the term paper approach to the problem that the oral 
presentation method was developed. Under this 
plan, each student is required to select a topic in the 
field of inorganic chemistry and to consult the instruc- 
tor for approval as to its satisfactory character. In- 
deed, the selection of the topic may constitute a small 
library problem in itself. The student is encouraged to 
select a subject requiring wide use of the chemical li- 
brary with special reference to current literature. Em- 
phasis on the latter is stressed to discourage too much 
dependence on the review type of reference. 

Each student is required to prepare an abstract of his 
talk which includes an outline and the important ref- 
erences. This may not exceed two typewritten pages. 
The abstract is dittoed and a copy distributed to each 


1 Sampey, J. R., J. Cuem. Epuc., 8, 520 (1931). 
2 Tenati, Sister M., J. Cuem. Epuc., 23, 149 (1946). 
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member of the class just prior to the presentation of the 
talk. Lots are drawn for the dates, and a schedule is 
posted for the dates the abstracts are due and the dates 
of presentation. 

At the time the student speaker is introduced, the 
forms indicated below are distributed to each member of 
the class. 


Questions and Criticisms 


Name of Student Giving the Report. 
Date Name of Student Critic 

I. Questions: Please submit two questions based on the topic 
presented which you feel would be suitable for use on an hour 
quiz or the final examination. Avoid ambiguous or poorly stated 
questions. Thought provoking questions are much better than 
those merely evoking information. Proofread your questions 
for spelling, punctuation and English. 


(Space for questions) 

II. Criticisms: These are to consist of recognition of merit 
in the talk as well as suggestions which you think would improve 
the speaker’s choice of subject, preparation of abstract and de 
livery. Be sure to include comments on any aspect which you 
regard as particularly well done. Assume that you are to be 
graded on the quality and appropriateness of your questions and 
criticisms. These are to be completed and handed to the in- 
structor immediately after or at the end of the class period. 
Proofread your work. Your criticisms, but not your name, will 
be made known to the speaker. Use the other side of the report 
form if more space is required. 


(Space for criticisms) 


At the close of the class period the instructor and 
speaker go over the criticisms together, and the instruc- 
tor adds his comments to those of the students. 

Fairly early in the course all of the questions sub- 
mitted on a given topic were “‘dittoed’’ and returned to 
the class for evaluation as excellent, good, fair, or un- 
satisfactory. By doing this and then making a summa- 
tion of the ratings for the questions the students were 
encouraged to become more critical of the questions 
which they submitted on future topics. 

For one of the talks, a tape recorder was used and a 
part of the presentation played back to the speaker. 
In this particular case, an otherwise competent speaker 
had used the word “disassociate” in place of ‘‘disso- 
ciate,” four times within twenty minutes. He caughtit 
on the play back and was doubtless cured of a very un- 
fortunate habit which he might otherwise have reta: od 
for years. 

It was a very pleasant surprise to the writer to note 
how keen and kindly the criticisms were and to observe 
a complete lack of intolerence and heckling. As the 
semester progressed, it became apparent that the ques- 
tion and criticism technique was producing a number of 
favorable responses from the members of the class. 
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(1) Any tendency of the members of the class to 
relax or doze off was completely absent though the 
hour was that sleepy one immediately after lunch. 

(2) The question and criticism requirements caused 
the students to consider their own preparation and de- 
livery much more critically than before this technique 
was used. There were no poor presentations in this 
group, while in previous classes where questions and 
criticisms were not required the poor presentation was 
no rarity. 

(3) The question requirement stimulated the stu- 
dents to seek out the more important features of their 
own and of other topics presented. 

(4) Mannerisms and mispronunciations were cor- 
rected in a fairly painless way. These peculiarities 


might otherwise have been retained for years. 

(5) Class participation, so often meager or alto- 
gether missing, was greatly increased. 

(6) Both the instructor and the members of the 
class enjoyed the added interest and enthusiasm pro- 
duced by the audience participation technique. 


Although more or less specific details have been given 
for procedure in this “audience participation” type of 
seminar, it is realized that there are many variations 
possible to fit particular situations. It is hoped that 
though other instructors may find the details do not fit 
their particular situations they will find pleasure and 
satisfaction in adapting the basic idea to their own 
classwork. 


THE SENSES AS INDICATORS IN VOLUMETRIC ANALYSIS 


In THE modern chemical world of instrumental indica- 
tors and automatic titrators the only one of man’s 
senses still considered important is sight, and even this 
is recommended mainly for the relatively undemanding 
task of reading a meter. Although the ability of the 
eye to perceive small changes in color is certainly not 
exceptional as compared to photoelectric devices, the 
ability to detect light of very low intensity is. It is 
estimated (/) that only 70 light quanta, corresponding 
to an energy of about 3X10~—" joule, can produce the 
sensation of light for an observer. The only indicator 
applications that have been proposed to take advantage 
of this most sensitive characteristic of vision are 
chemiluminescent titrations in which the solution gives 
off light at the end point. The titration of acids with 
bases using luminol (with oxidants) as indicator is the 
most successful of these methods, giving accuracies of 
the order of 1 part per thousand (2, 3, 4). 

The perception of odor is apparently capable of 
equally extraordinary sensitivity. One part of ethyl 
mercaptan in fifty billion parts of air can be detected 
by odor (6), and the existence of compounds (6) certi- 
fied by expert sulfur chemists to be infinitely worse than 
ethyl mereaptan would seem to extend the limit of 
identification to much lower values. The use of sodium 


butyrate, sodium sulfide, pyridine, and quinoline as. 


indicators for the titration of strong bases with acids 
has been explored recently (7), and accuracies of 0.2% 
have been claimed for several of these smellometric indi- 
cators. More powerful substances could probably be 
similarly employed. 

Although T. W. Richards, a Nobel prize winner in 
chemistry, long ago suggested that the taste of strong 
acid could be used as an indicator (8), this has recently 
been subjected to further study. According to this 
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recent work (7) accuracies of no better than 1% or 2% 
can be attained in acid-base titrations based on taste 
changes. 

The well-known slippery feel of sodium hydroxide 
solutions has been made the basis of an instrumental 
titration method (9). A thread lubricated by the 
solution titrated is rotated on a wooden wheel; when 
the thread is no longer lubricated, due to the consump- 
tion of all the base by titration, friction causes the wheel 
to jerk. 

Titrations to an auditory end point do not appear to 
have been developed as yet. However, a number of 
possibilities suggest themselves and an explosometric 
end point may become a reality. It is known, for 
example, that one drop of 0.1 N sodium hypochlorite 
mixed with one drop of 0.1 N sodium azide, if slightly 
acidified, produces enough nitrogen trichloride to be 
exploded by a burning splint held over the flask (10). 
(Larger quantities produce explosions of fearful 
violence.) The application to acid base titrations is 
obvious, although the experiment would perhaps re- 
quire remote-handling equipment for safety. 
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SOME DEMONSTRATIONS WITH THE 
OVERHEAD PROJECTOR 


Pisces of special equipment used to carry out lecture 
demonstrations on the stage of an overhead projector 
have been presented in several papers in THIS JOURNAL.! 
This paper will describe the construction and use of 
several additional pieces which have proved useful in 
illustrating certain lecture topics. 

The stage of the projector is ten inches square. The 
basic platform for mounting models is a sheet of trans- 
parent plastic (Lucite or Plexiglas) which is ten inches 
square and one-fourth inch thick. On this rugged base 
are fixed those items which are to be permanent parts of 
the silhouette to be projected. Plastic parts are glued 
on with commercial cement or glacial acetic acid, heavy 
cardboard is held with cement, and wires and other 
metal parts are held with small screws or small nuts 
and bolts. Different parts of the assembly can be ex- 
aggerated or minimized in the silhouette thus making 
possible the presentation of a working model with the 
simplifying advantages of a line drawing. 

A typical assembly, designed to demonstrate the elec- 
trolysis of water, is shown in Figure 1. The outline of 
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tened to the platinum by the same screws that hold the 
platinum to the base. The electrolysis of dilute sodium 
chloride with a trace of phenolphthalein added is usu- 
ally shown. When the current is turned on, the solu- 
tion immediately turns pink at one electrode; soon 
bubbles of gas are seen. (Sometimes the electrodes 
must be touched with a stirring rod to dislodge the gas 
bubbles and make them more visible.) At this point 
the lecturer may write equations for the electrode reac- 
tions on the plastic base with black wax crayon and in- 
dicate the direction of electron flow in the wires. After 
use, the solution is flushed off with distilled water and 
the crayon notes are rubbed off with a soft cloth or 
tissue. 

In Figure 2 a modified Daniell cell is shown. (A 
model of the gravity type could be used as well.) The 
assembly simulates a porous cup, containing a deep blue 
copper sulfate solution and a copper electrode, dipping 
into a beaker containing zinc sulfate solution and a zinc 
electrode. The outer walls of the solution-containing 
plastic outline are one-half inch in height, while the out- 
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Figure 1. Electrolysis Apparatus 


the beaker is cut from a sheet of one-fourth inch trans- 
parent plastic. This outline is glued to the ten-inch 
square plastic base thereby forming a shallow container 
which is watertight. Portions of the outline are painted 
black so as to appear as a line drawing of a beaker when 
projected on the screen. Two strips of thin platinum 
sheet serve as electrodes. Held to the plastic base by 
screws placed outside the solution area and crimped so 
as to pass over the upper rim of the container and back 
down to the solution area, these thin platinum strips 
appear in silhouette as sturdy electrodes dipping into 
the solution. Wires leading to a d.-c. source are fas- 


1 For a bibliography see Atyga, H. N., J. Cuem. Epvc., 33, 
A541 (1956). 


Figure 2. Modified Daniell Cell 


Figure 3. Model of Apparatus Which Could 
Be Used to Demonstrate Charles’ Law 


line of the lower part of the inner container is only one- 
quarter inch high. The wires leading from the zinc 
and copper electrodes are connected via a movable cop- 
per strip switch to an electromagnet made from a piece 
of soft iron wound with wire. A compass needle 
mounted in a transparent case serves as a sensitive ce- 
tector of current flow. 

In use, the unmarked apparatus is placed on the pro- 
jector, sufficient concentrated CuSO, solution is added 
to the inner container to almost fill it, then a solution of 
ZnSO, is added to the outer chamber until it overflows 
into the CuSO, across the top of the plastic barrier 
which simulates the porous cup. The compass is placed 
in the field of the magnet at a point where it is subject 
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to the maximum deflection from the earth’s field. If 
desired the switch can be opened and closed in phase 
with the period of the compass needle causing it to spin 
continuously. This vividly demonstrates the conver- 
sion of chemical to electrical to mechanical energy. 
(Usually several students wish to examine this appara- 
tus after class.) During the discussion of the experi- 
mental results, the lecturer can furnish additional in- 
formation (e.g., what happens to the weight of the zinc 
electrode, the weight of the copper electrode, and the 
depth of color of the blue solution.) Then the equa- 
tions for the two electrode reactions are written and 
the direction of electron flow is deduced. 

Figure 3 shows an example of a working model which 
serves as a point of interest for the discussion of Charles’ 
law. A round glass bulb is represented by an outline 
cut from thin cardboard. The side arm silhouette is 
made from two thin strips of painted plastic which are 
milled out on their inner edges to provide a track for a 
tiny movable piece of cardboard which represents a 
mercury droplet in silhouette. The change in position 
of the mercury droplet with temperature is described 
and a table of data is developed relating temperature 
and volume; then the plot is made of the data. Models 
of this type are quite inferior to those which show actual 
chemical or physical changes, but they are useful in dis- 
cussing topics such as Boyle’s law, manometry, pumps, 
etc. 

Perhaps the most important point pedagogically is 
that the students are able to follow the discussions step 
by step; the lecturer starts with a simple diagram and 
develops concepts as the diagram is labeled and elab- 
orated. The wax pencil markings are easily wiped off 
before the apparatus is to be used again. 

Color changes in transparent containers involving 
liquids or gases can be clearly shown. Figure 4 shows 
how a familiar demonstration can be adapted for the 


Figure 4. Apparatus, Designed for the Overhead Projector, Which 
Shows Relative Rates of Diffusion of Bromine in Air and in a Vacuum 


projector. Into each of the capped bottles to the right 
a few drops of bromine are placed. With the stopcocks 
on the right closed, one of the horizontal chambers (the 
upper one of those pictured) is evacuated by means of 
an aspirator, then both assemblies are placed on the 
stage of the projector. The stopcock between the 
bottle of bromine and the chamber filled with air is 
opened (the lower one pictured); no visible transfer will 
occur for a period of several minutes. Then the cor- 
responding stopcock in the other assembly (the upper 
one) is opened and immediately the bromine rushes in 
to fill the evacuated container. This demonstration 
serves as an interesting basis for discussing most of the 
points of the kinetic theory of gases. 

Demonstrations done with the aid of the overhead 
projector are easily visible to all students in a large 
lecture room, and they are efficient teaching tools for 
large and small classes alike. 
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NATIONAL SCIENCE FOUNDATION SPONSORS SUMMER INSTITUTES FOR TEACHERS 
OF HIGH SCHOOL CHEMISTRY 


InstITUTIONS at which there will be Summer Institutes in 1958 
for High School Teachers of Chemistry Applications should be 
made to the Directors of the Institutes by February 15, 1958: 

Alabama. Alabama College, University of Alabama, Tuskegee 
Institute. Alaska: University of Alaska. Arkansas: Univer- 
sity of Arkansas. California: University of California (Berk- 
eley), University of California Medical Center (Los Angeles), 
University of Southern California. Colorado: Colorado College, 
University of Denver. Connecticut: Wesleyan University. 
Delaware: University of Delaware. District of Columbia: 
American University. Florida: Florida State University. 
Georgia: Atlanta University, University of Georgia. Hawaii: 
University of Hawaii. Idaho: University of Idaho. Jilinois: 
Illinois Wesleyan University. Iowa: Drake University, 
State College of A & M Arts. 

Kansas: Kansas State Teachers College. Kentucky: Murray 
State College. Louisiana: Dillard University, Louisiana State 
University. Maine: Colby College. Maryland: University of 
Maryland, Morgan State College. Massachusetts: Tufts Univer- 
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sity. Michigan: Northern Michigan College. Minnesota: Uni- 
versity of Minnesota (Duluth). Mississippi: University of 
Mississippi. Missouri: Missouri School of Mines & Metallurgy, 
St. Louis University. Montana: Montana State College. Ne- 
braska: University of Nebraska. New Hampshire: University 
of New Hampshire. New Mezico: New Mexico Highlands Uni- 
versity. New York: Adelphi College, Union College. 

North Carolina: Duke University, University of North Caro- 
lina, North Carolina College at Durham. North Dakota: Uni- 
versity of North Dakota. Ohio: Case Institute of Technology, 
Ohio University, Ohio Wesleyan University. Pennsylvania: 
Allegheny College, Bucknell University, Lafayette College, 
Pennsylvania State University. South Carolina: Converse Col- 
lege. South Dakota: State University of South Dakota. Ten- 
nessee: Oak Ridge Institute of Nuclear Studies, Tennessee 
Polytechnic Institute. Tezas: Baylor University, Southern 
Methodist University, Stephen F. Austin State College. Vir- 
ginia: Virginia Polytechnic Institute. Washington: State Col- 
lege of Washington. West Virginia: West Virginia University. 
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CIPHERED FORMULAS IN CARBOHYDRATE 


CHEMISTRY 


MONOSACCHARIDES 


To simplify the representation of monosaccharides, 
schematic formulas (geometrical simplifications) have 
been developed as an aid to a rapid writing of configura- 
tions. Hydroxyl groups at asymmetric carbon atoms 
have been indicated by horizontal lines joined to a ver- 
tical line. The intersections of the vertical and horizon- 
tal lines designate carbons, of a chain, that are usually 
asymmetric. Greater simplification can be attained by 
ciphered formulas (numerical simplifications). Hydro- 
gen atoms projected to the left of a vertical chain are in- 
dicated by the digit 1, whereas a hydroxy] radical to the 
left is represented by the digit 2. A comparison of the 
configurational, schematic and ciphered representations 
of acyclic p-glucose follows: 


CHO 

Ho—G_H 
n—¢_on 


'H.—OH 
Configurational 


Schematic Ciphered 


In order to avoid ambiguity, some name must be 
given along with a ciphered formula, either a specific 
name or sometimes a general structural name. 

Starting with the aldotrioses, ciphered formulas could 
be employed: The ciphered formula “1”? would stand 
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for p-glycerose, ‘‘2’’ would be t-glycerose. An asym- 
metric carbon atom is identified by an asterisk. 
Aldotetroses would be formulated in this way: 


CHO 
(1 or 2) 
*CHOH (1 or 2) 
H.OH 


11 p-Erythrose 


| Enantiomorphs 


22 L-Erythrose 
12 t-Threose) 


Enantiomorphs 
21 v-Threose 


The configuration of an enantiomorph is obtained in a 
ciphered representation by interchanging each digit | 
with 2, and each 2 with 1. Ciphered formulas of mono- 
saccharides belonging to the p-series terminate with | 
and those of the L-series terminate with 2. Examples of 
such representation among the ketohexoses are these 
(enantiomorphs are bracketed together) : 


CH.OH 111 
222 1-Psicose 
112 
*CHOH (1 or 2) 221 v-Tagatose 


*CHOH (1 or 2) 
1 or > 
*CHOH (1 or 2) 


122 
H.OH 211 p-Fructose 


A summary of ciphered formulas of monosaccharides is 
given in Table 1. 


ALDITOLS AND ALDARIC ACIDS 


Like the monosaccharides, the alditols can be repre- 
sented by ciphered formulas, as long as the name of the 


Ciphered Formulas of Mc 


TABLE 1 


ides 


Aldotetroses 


Ketotetroses 


Aldopentoses 


Ketopentoses 


Aldohezxoses 


Ketohexoses 


Erythrose 


D- 
Erythrulose 


L- 


111 


222 


11 


Ribulose 


1211 
Glucose 


2122 


222 


112 


1212 
Idose 
2121 


112 


Tagatose 


212 


1221 
Galactose 
2112 


122 
Arabinose 
211 


1222 
Altrose 
2111 
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specific alcohol is given, or else the class name of alcohols 
to which it belongs. For example, the tetritols are 
represented by these ciphered formulas: 


CH.OH (11 = 22) Erythritol 


(1 or 2) 
1 pv-Threito 
*CHOH (1 or 2) 


H.OH 


Since no aldehyde or ketone group is present, either one 
of the primary alcohol groups (—CH,OH) can be placed 
at the top of the chain of any given configuration by 
merely rotating the two-dimensional configurational 
formula through 180°. Thus many of the alditols can 
be indicated by two sets of digits. The second set is 
produced by exchanging a 1 for a 2, or a 2 for a 1, fol- 
lowed by inverting; this sometimes gives an identical 
set of digits. 

Aldaric acids also have identical ends (—COOH). 
Consequently, the ciphered formulas of aldaric acids are 
identical to those of the corresponding alditols. Al- 
daric acids are treated in the same way as the alditols. 
(Of course not all of the carbons marked with an as- 
terisk are strictly asymmetric; some may be pseudo- 
asymmetric.) 


COOH 
*(CHOH), 


OOH H,OH 
Aldaric acids Alditols 


TABLE 2 
Ciphered Formulas of Alditols 


Pentitols 


Tetritols Heritols 


11 = 22 
Erythritol 


111 = 222 1111 = 2222 1122 
Ribitol Allitol Mannitol 


2211 


112 = | 1112 = 1222 | 1212 
Arabitol Talitol Iditol 
221 = 211 | 2221 = 2111 | 2121 


Threitol 


121 = 212 
Xylitol 


1121 = 2122 L- 
Glucitol 
2212 = 1211 p- 


1221 = 2112 
Dulcitol 


TABLE 3 
Ciphered Formulas of Aldaric Acids 
Trihydrozy- 


Tartaric glutaric 
acids acids Tetrahydroxyadipic acids 


1l = 22 111 = 222 


Ribaric acid 


1111 = 2222 1122 L- 
Allarie acid Mannaric acid 


2211 D- 


meso-Tartaric 
acid 


12 L- | 112 = 122. w- | 1112 = 1222 L- | 1212 L- 
Arabinaric acid Talaric acid 


21 | 221 = 211 | 2221 = 2111 | 2121 


Tartaric acid Idaric acid 


121 = 212 
Xylaric acid 


1121 = 2122 L- | 1221 = 2112 


Glucaric acid Galactaric acid 


2212 = 1211 b- 
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It is necessary to know that the ciphered formula refers 
to an aldaric acid or an alditol, or any other carbohy- 
drate derivative with identical groups at both ends of 
the chain, before the ciphering takes on definite mean- 
ing. The ciphered representation of the alditols and 
aldaric acids are respectively summarized in Tables 2 
and 3. 


MISCELLANEOUS APPLICATIONS 
Equation writing can be expressed easily, as exempli- 
fied by the reduction of p-glucose to p-glucitol: 


p-Glucose [H] p-Glucitol 
1211 —~> 1211 


or the isomerization of p-glucose to p-fructose: 


p-Glucose base p-Fructose 
1211 211 


Reduction of p-sorbose produces L-glucitol and p-iditol: 


p-Sorbose [H] t-Glucitol + p-Iditol 
121 —_ 1121 2121 


Alpha and beta modifications of carbohydrates can be 


represented in this way: 
a-p-Glucopyranose B-p-Glucopyranose 


4 


{g-1211 


Disaccharides like maltose and sucrose could be written 


Sucrose 


Various modifications can be employed to take care of 
sugar derivatives like ethers, esters, and glycosides. 
These two formulas demonstrate such usage: 


a—OAc | a—OH 

1—OAc | 2 

AcO—2 CH;0—2 

1—OAc 1—OCH,; | 

1 1 —- 

CH,OAc CH.OCH; 

a-p-Glucopyranose 3,4,6-Trimethyl- 

pentaacetate a-D-Mannopyranose 
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THE SMALL SCALE PREPARATION OF AZO- 
BENZENE AND OF HYDRAZOBENZENE 


No rexrsoox of elementary practical organic chem- 
istry contains a satisfactory preparation of azobenzene 
directly from nitrobenzene! and many give the prepara- 
tion of hydrazobenzene from nitrobenzene? by reduc- 
tion with zine dust (powder) and sodium hydroxide 
solution. We have found that the reduction with zinc 
dust and sodium hydroxide is erratic and is dependent 
upon the quality of the zinc powder: activation of the 
commercial zinc dust by treatment with dilute hydro- 
chloric acid® is not always effective and the reduction 
may occupy as long as 24 hours. Such a preparation 
cannot therefore be recommended for elementary 
students. 

An eminently satisfactory procedure for the prepara- 
tion of azobenzene consists in the reduction of pure 
nitrobenzene with magnesium turnings and anhydrous 
methanol‘: 
2C,H;NO. + 4Mg + 8CH;OH — C,H;N = NO,N; + 

4Mg(OCH;)2 + 
A large excess of magnesium must be avoided since this 
will produce hydrazobenzene (see below). 

Hydrazobenzene may be conveniently prepared by 
reduction of nitrobenzene either with Devarda’s alloy 
and sodium hydroxide solution or with excess of mag- 
nesium turnings and anhydrous methanol: 


+ 5Mg(OCH;)2 + 4H20 


Experimental details follow. 
AZOBENZENE 


In a 250-ml. wide-mouthed flask equipped with an 
efficient reflux condenser (4-in. jacket), place 6.2 g. 
(5.2 ml.) of c.p. nitrobenzene, 110 ml. of commercial 


1Cf. “Organic Syntheses,” Collective Vol. 3, John Wiley & 
Sons, Inc., New York, 1955, p. 103; Vocet, A. I., “A Text- 
Book of Practical Organic Chemistry Including Qualitative 
Organic Analysis,” 3rd ed., Longmans, Green é Co., Inc., London 
& New York, 1955, p. 631. 

? VocEL, A. I., loc. cit., p. 682; Cason, J., AND H. Rapaport, 
“Laboratory Text in Organic Chemistry, Prentice-Hall, Inc., 
New York, 1950, p. 148; Apams, R., anp R. J. Jounson, “Lab- 
oratory Experiments in Organic Chemistry,’ 4th ed., The Mac- 
millan Co., New York, 1949, 359. 

3 Apams, R., AND J. R. JoHNsON, loc. cit., p. 359. 

‘ ZECHMEISTER, L., AND P. Rom, Ann., 468, 129 (1929). 
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absolute methanol, and a small crystal of iodine. Add 
6.0 g. of magnesium turnings in two portions. When 
most of the magnesium has reacted, heat on a steam 
bath for 30 minutes. Pour the cooled reaction mixture 
into 200 ml. of cold water. Add glacial acetic acid 
cautiously, with stirring, until acid to litmus and cool in 
an ice bath. Collect the azobenzene by suction filtra- 
tion and recrystallize it from 90% ethanol. The yield 
of azobenzene, m.p. 68°, is 3.1 g. 


HYDRAZOBENZENE 


Reduction with Magnesium. In a 500-ml. wide- 
mouthed flask equipped with an efficient reflux con- 
denser (4-in. jacket), place 10.0 g. (8.4 ml.) of c.p. 
nitrobenzene, 200 ml. of commercial absolute methanol, 
and a small crystal of iodine. Introduce 15.0 g. of mag- 
nesium turnings, in ca. 3 g. portions, over a period of 
about 1 hour; moderate the vigor of the reaction, if 
necessary, by momentary immersion of the flask in an 
ice water bath. Finally heat on a steam bath until the 
reaction mixture is colorless. Prepare a Biichner funnel 
containing a thin layer of filter aid supported upon filter 
paper. Filter the hot reaction mixture through the pre- 
heated Biichner funnel; rinse the flask with 20 ml. of 
hot methanol. Add about 100 ml. of water to the filtrate 
and allow to cool slowly in a corked flask until crystal- 
lization is complete. Filter rapidly and avoid excessive 
passage of air through the solid. Recrystallize the crude 
hydrazobenzene from alcohol containing a little dis- 
solved sulfur dioxide with minimum exposure to air; 
dry in a desiccator previously filled with nitrogen. The 
yield of hydrazobenzene, m.p. 126°, is 4.5 g. It isa 
white solid; exposure to air and light turns it yellow be- 
cause of oxidation to azobenzene. 

Reduction with Devarda’s Alloy. Place a solution of 10 
g. of sodium hydroxide in 10 ml. of water, 100 ml. of 
ethanol, and 10.0 g. (8.4 ml.) of c.p. nitrobenzene in a 
250-ml. wide-mouthed flask equipped with an efficient 
reflux condenser. Introduce 12.0 g. of Devarda’s alloy 
powder in 2 g. portions: start the reaction by warming 
gently on a steam bath. Isolate the hydrazobenzene as 
above. If the product is colored, dissolve it in ether, 
filter off the colored material, and evaporate the ether. 
The yield of white hydrazobenzene, m..p 125°, is 5.2 g. 
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A DEVICE FOR MEASURING VAPOR PRESSURES 


THE apparatus most frequently used for the measure- 
ment of vapor pressures above room temperature is the 
jsoteniscope. A number of interesting varieties have 
been described in the literature.' Where great ac- 
curacy is not required, it may be desirable to use a 
simpler apparatus. A device which has the added 
feature of being useful for measurements on compounds 
which will react with air is described in this article. 

This vapor pressure unit shown in the figure is similar 
to the one previously devised by Stock? for use with air- 
reactive materials. However, this unit does not re- 
quire the use of a separate manometer nor is it neces- 
sary that the sample be distilled into it. 

The figure shows the unit assembled for use with an 
air-reactive compound. The sample has been sealed 
into a tube and joined to the apparatus at D. The 
break seals shown can be obtained from most scientific 
glass supply companies. Clean mercury has been added 
to the U-tube section through A to a suitable height. 
The apparatus is then connected to a vacuum pump and 
the mercury thoroughly degassed by warming the U-sec- 
tion and tapping the glass vigorously with a piece of rub- 
ber pressure tubing. When degassing is complete, the 
mercury is cooled and break seal-1 is broken by lifting 
the iron cylinder and bringing it down sharply with the 
aid of a high flux horseshoe magnet. The test material 
is then carefully degassed, the sample chilled to a 
point where its vapor pressure is negligible, and the 
apparatus sealed first at capillary C and then at B. 
The unit is then immersed in the temperature bath so 
that the bath liquid is higher than capillary C, and a 
series of temperature versus vapor pressure readings 
are made. At the end of the experiment, a hose fitted 
with a pinchclamp is attached at E. With the pinch- 
clamp closed, break seal-2 is broken and air (or inert 
gas) allowed to enter the tube slowly until the mercury 
stops bubbling. The tube is then cut open and the 
mercury recovered. 

The apparatus can be used for only a single experi- 
ment; however, it is easy and inexpensive to construct. 
If it is modified by placing stopcocks at points B and C, 
it can be used repeatedly, but attention should be given 
to the possibility of leaks at these locations. The size, 


| WEIssBERGER, A., “‘Physical Methods of Organic Chemistry, 


Part I.’’ Second edition. Interscience Publishers, Inc., New - 


York, 1949, pp. 122-175. 
*Stock, A., ‘Hydrides of Boron and Silicon.’’ Cornell Uni- 
versity Press, Ithaca, N. Y., 1933, p. 192. 
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and therefore the range, of the manometer is limited by 
the height of the temperature bath used. The appara- 
tus shown in the figure was used to measure vapor pres- 
sures from 0 to 200 mm. mercury. 

The accuracy of the measurements depends primarily 
on the method used to read the heights of the mercury 
and on the constancy of the temperature bath. For 
student measurements, a simple cathetometer for 
reading the mercury levels and a bath which can be 
maintained to +0.1°C. should be adequate. Both 
solids and liquids can be handled equally well. A 
series of readings made for increasing temperatures and 
one for decreasing temperatures should be averaged. 
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GIBBERELLINS AND PLANT GROWTH 


Recenriy a group of substances known as gibberellins 
has attracted special attention because of the striking 
effects they have on growth and development when 
applied in small quantities to many types of flowering 
plants. In fact, it is hoped by many that the external 
application of gibberellins may have large-scale uses 
in the management of economic crops. These gibberel- 
lins are compounds isolated from the culture filtrate of a 
particular fungus. There now is evidence, as will be 
discussed below, that substances having similar 
biological properties also occur naturally in flowering 
plants. Therefore, studies with gibberellins may 
also provide information concerning the natural 
regulation of growth and development of flowering 
plants. 
The general surge of interest in the gibberellins ha 

come only recently even though their biological effects 
have been recorded for some time. A crystalline 
material was isolated from the culture filtrate of a 
fungus, Gibberella fujikuroi, by Yabuta and Sumiki at 
the University of Tokyo in 1988 (1). This fungus had 
earlier been shown to be.the cause of a common disease 
of rice plants in the Orient characterized by over- 
growth of the seedling stem and leaf parts followed by 
reduced yields of seed or, in severe cases, death before 
flowering. Yabuta and his co-workers demonstrated 
that microgram quantities of their crystalline material, 
which they named gibberellin A, could produce similar 
overgrowth of rice plants as well as of a number of 
other plant species tested. The Japanese group has 
continued work on the chemical and biological prop- 
erties of gibberellin A to the present, but, in spite of 
the interesting implications of their experiments, 
similar studies were not undertaken in laboratories out- 
side of Japan until the past ten years: Then Mitchell 
and Angel at Camp Detrick (2) and subsequently 
Stodola and co-workers of the United States Depart- 
ment of Agriculture (3) and, independently, Borrow,et 
al., at Imperial Chemical Industries in Great Britain 
(4) undertook the production and isolation of gibberel- 
lin and a study of its properties. Currently research 
in this area is proceeding at an accelerating pace in 
government, university, and private laboratories 
throughout the world. A general review of the 
gibberellins has recently appeared (4). 


1 Presented, in part, before the joint meeting of southern and 
northern divisions of the Pacific Southwest Association of Chem- 
istry Teachers held at the University of California at Los Angeles, 
February 23, 1957. 
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EFFECTS ON PLANTS 


Flowering plants may respond to gibberellin 
treatment in a number of interesting ways. An 
acceleration of growth has been observed in a wide 
variety of plants in addition to rice including wheat, 
oats, clover, barley, buckwheat, maize, peas, cucumber, 
tomato, onion, lettuce, cabbage, soybeans and others. 
The stem and leaf parts of treated plants may become 
several times longer than those of non-treated control 
plants. The magnitude of the response depends on the 
species and the conditions of application. Root 
growth may be stimulated, though this effect is neither 
pronounced nor general. Under appropriate conditions 
these elongation effects may be accompanied by an 
increased dry weight. These changes are caused by an 
increase in either the size of the cells or the number of 
cells or both. 

Pronounced growth responses have been observed 
with certain dwarf strains. Brian et al., in 1954 
reported that a dwarf strain of beans responded to 
treatment with gibberellins to give the climbing or 
“pole” habit of growth rather than its characteristic 
bushy habit (6). Brian and Hemming also reported in 
1955 that some dwarf varieties of peas responded to 
gibberellin treatment by growing at a rate similar to 
that of tall varieties (7). The tall varieties on the 
other hand showed little or no response to the same 
treatment. Phinney has tested growth responses 
of ten different single-gene dwarf mutants of maize to 
gibberellins (8, 9). Without treatment, the mutants 
grow to a height of 10%-50% that of normal plants. 
The mutants appear bushy because of the relatively 
short leaves and short distances between the points of 
attachment of the leaves. When solutions of gibber- 
ellins were applied to the uppermost leaves throughout 
the growing period, five of these mutants responded by 
giving a growth rate and appearance essentially in- 
distinguishable from normal plants which received a 
similar treatment (see Fig. 1). The other five mutants 
showed little or no response to this treatment (see 
Fig. 2). No other substances tested, including many 
known plant growth regulators, increased the rate or 
extent of growth of these mutants. 

Treatment with gibberellins can also induce some 
plants to bolt and flower under environmental con- 
ditions which would not normally allow flower produc- 
tion. The biennial henbane, Hyocyamus niger, nor- 
mally requires a cold treatment followed by long days in 
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Figure 1. Response of Maize Mutant Dwarf-1 to 
G Treatment 
From left to right, normal plants which received no treatment, normal 
plants treated with a total of 250 micrograms of gibberellic acid, dwarf-1 
plants which received no treatment and dwarf-1 plants treated with 250 
micrograms of gibberellic acid. 


order to flower. However, Lang has demonstrated that 


this species can be caused to flower after a daily treat- 
ment with from 2 to 10 micrograms of gibberellic acid 
with no special temperature or light treatment (/0). 
This has since been verified for other plants that 
normally require either a cold treatment or long days to 
flower. 

Among other interesting examples of physiological 


responses in plants elicited by gibberellins are the 
stimulation of fruit set in tomatoes (//), breaking of 
potato tuber dormancy (12), the promotion of germi- 
nation in the dark of lettuce seed that normally require 
light for germination (1/3), the reversal of light in- 
hibition of pea stem growth (1/4) and tomato growth 
(16). Research in this area is intense with new 
findings being reported each month. The spectrum of 
physiological responses to gibberellins does not seem 
to resemble that of any other group of plant growth 
regulators. As yet, there has been very little informa- 
tion on which to base an explanation of the mechanism 
of action of the gibberellins or to correlate the various 
types of physiological responses observed. 

At least three different compounds which possess 
these biological properties have been isolated in crystal- 
line form from the culture filtrates of Gibberella fuji- 
kurot. Stodola, et al., fractionated their material 
into two components (/6). Then Sumiki, et al., 
showed that the material with which they had been 
working was a mixture of three closely related com- 
pounds (17). Cross, et al., on the other hand apparently 
obtained only a single compound (1/8). The identity be- 
tween compounds isolated by the different laboratories 
has not been fully established; however, the names 
and probable relationships between them are sum- 
marized in Table 1. 

The general structural features of gibberellic acid 
seem well established from the studies of Cross, et al., 
on the physical and chemical properties of the acid 
and a number of its degradation products (19). One 
of the structures proposed by them for gibberellic 
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Figure 2. Lack of Response of Maize Mutant “‘ 
Gibberellin Treatment 
From left to right, normal plants which received no treatment, normal 
plants treated with 200 micrograms of gibberellic acid, mutant plants which 
received no treatment, and mutant plants treated with a total of 200 micro- 
grams of gibberellic acid. 
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TABLE 1 
Gibberellins Isolated from Gibberella fujikuroi 


Takahashi Stodola Cross 
et al. et al. et al. 
(17) (16) (18) 


Gibberellin A, Gibberellin A 


Gibberellin A» 
Gibberellin A;  Gibberellin X Gibberellic acid 


Cc 
OH 


D 


CH2 


Figure 3. Proposed Structure for Gibberellic Acid (/9) 


acid is shown in Figure 3. The greatest uncertainty 
concerns the positions of attachment of the lactone and 
the other functional groups in ring A. It seems a 
likely possibility that gibberellin A, and gibberellin 
Az are dihydro- and tetrahydro- derivatives, respec- 
tively, of gibberellic acid. 

In all the cases cited above, it should be borne in 
mind that the physiological response was elicited in 
flowering plants by a natural product derived from a 
fungus. Phinney demonstrated in his work with 
single-gene dwarf mutants of maize that five of the 
mutants responded to gibberellin treatment to give 
growth indistinguishable from that of normal plants. 
The gibberellins were the only compounds tested which 
gave this response. The following rationalization of 
these results was adopted as a working hypothesis. 
The gibberellins or some materials closely related to 
them serve as natural growth regulators in maize. 
In the dwarf mutants, the production of these regulators 
has in some manner been blocked. Thus, when an 
external supply of gibberellins is provided, the mutants 
are able to grow as rapidly as do the normal plants 
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which produce their own supply of gibberellins. The 
work described below was undertaken in an attempt to 
answer this question of whether gibberellins, or 
closely related materials, are naturally occurring 
growth regulators in maize and possibly other flowering 
plants. An account of this work has been published 
elsewhere (9). 


BIOASSAY FOR GIBBERELLIN DETECTION 


It has been essential to have some means for the 
detection of gibberellins. A bioassay was developed 
based on the growth response in the seedling stage of 
one of the dwarf mutants of maize, dwarf-1. This 
mutant was selected because of the specificity and 
sensitivity to applied gibberellins. The growth response 
to 0.0001 microgram of gibberellic acid can be detected 
under ideal conditions. The solution to be tested is 
applied as a small drop to the first unfolding seedling 
leaf at the time of its emergence from the coleoptile. 
Following treatment, the seedling is allowed to grow 
until the first leaf sheath has reached its final length, a 
period from three to five days following application. 
A record of response is obtained by measuring to the 
nearest millimeter the length of this sheath. With 
appropriate modifications, this technique can be made 
the basis of a quantitative bioassay for gibberellins. 

Preparations from a number of flowering plants have 
been surveyed for the presence of gibberellin-like 
substances with this bioassay as a guide. A group of 
extracts of maize plants and maize tissues was tested 
first, and an ethyl ether extract of maize seed in the 
milk stage was found to give a growth response in the 
mutant resembling that of the gibberellins. This 
information supported the idea that gibberellins may 
be naturally occurring growth regulators in maize and 
prompted the investigation of fruits or seeds from 
other species. In general the material was soaked in a 
1:1 mixture of acetone and water, the solvent evapo- 
rated from the filtered extract, and the residue applied in 
a small volume of water to the test plant. In some 
cases the watery endosperm from the seed was applied 
directly to the test plant. To date the seeds or 
fruits of forty-three species have been tested in this 
manner, and preparations from nineteen of these 
representing fifteen genera and seven families have 
given a positive response (see Fig. 4 for a typical 
positive response). It is not known whether seed 
giving inactive extracts lacked gibberellin-like sub- 
stances, or whether the conditions of extraction and 
assay were insufficient to reveal their presence, or 
whether inhibiting substances were also present in the 


Figure 4. Response of Dwarf-1 
Seedlings to Treatment with Gib- 
berellins and with Extract of Bean 
Seed 


From left to right, a seedling 
which was not treated, a seedling 
treated with 10 micrograms of a mix- 
ture of gibberellin A: and gibberellic 
acid, and a seedling treated with an 
extract of bean seed. 


extract. Active extracts have been obtained from th 
seeds or fruits of beans, maize, peas, lupine, plums, 
apricots, peaches, wild buckeye, avocado, wild cucumbe 
and wild tobacco. Preparations from six of these. 
namely avocado, beans, wild cucumber, wild buckeye. 
lupine, and peas, have been applied to each of the te, 
dwarf mutants of maize with the result that the five 
mutants which responded to the gibberellins also 
responded to the plant extracts, whereas the five 
mutants which did not respond to the gibberellins 
likewise did not respond to the plant extracts. An 
extract of wild cucumber endosperm has been show) 
recently by Lang to duplicate the gibberellin effect on 
flowering in Hyocyamus niger (20). Radley has 
reported the presence of a gibberellin-like factor iy 
alcoholic extracts of pea seedling shoots (2/), «nd 
Lona has presented evidence for the presence o/ 4 
gibberellin-like factor in Brassica napus L. (22). All 
these results indicate the widespread occurrence o/ 
substances in flowering plants with gibberellin-like 
biological properties. 

CHEMICAL PROPERTIES OF GIBBERELLIN-LIKE 
SUBSTANCES 


It will be of interest to learn whether the active 
components of plant extracts resemble gibberellins 
in chemical properties as well as biological properties. 
Filter paper chromatography has proved useful in 
comparing the various active materials. Gibberellic 
acid was detected on developed chromatograms by 
means of the characteristic blue fluorescence produced 
when the paper was soaked in concentrated sulfuric 
acid and exposed to ultraviolet light. The positions 
on the chromatogram of gibberellin Ai, gibberellin A., 
and the active components of the plant extracts were 
determined by cutting the strips into measured zones, 
eluting each of these separately, and assaying the 
eluates. R; values were calculated as the ratio of the 
distance the active component had moved from the 
origin to that which the solvent had moved. The 
results of a comparison in four solvent systems are 
summarized in Table 2. An inspection of these data 
reveals differences among the active materials. The 
three gibberellins derived from the fungus could not be 
readily distinguished from one another in any of the 
solvent systems. The active factor from beans gave 


TABLE 2 
Chr tographic Comparison of Active Plant Extracts 
and the Gibberellins 


R; in solvent 


B 
58 
55 
61 
65 
65 
66 
77 

0.48 


Material tested 


Gibberellic acid 

Gibberellin A; 

Gibberellin A, 

Bean extract 

Pea extract 

Buckeye extract 

Wild cucumber extract 

Lupine extract 
R; values are the average of two or more determinations which 

agreed within 0.05. Solvents: A, the upper phase of a mixture 

of 3 volumes of n-butanol and 1 volume of 1.5 N ammonium 

hydroxide; B, the upper phase of a mixture of 35 volumes 0! 

pyridine, 35 volumes of n-amy] alcohol, and 30 volumes of water’ 

C, the upper phase of a mixture of 95 volumes of n-butanol, 4 

volumes of glacial acetic acid, and 30 volumes of water; D, 4 

solution of 8 volumes of ethanol and 2 volumes of 3 N ammonium 

hydroxide. 
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R, values similar to’the known gibberellins in three of 
the solvent systems, but gave a consistently higher 
value in solvent system B. The active materials from 
peas and buckeyes gave similar R, values which 
differed from other materials tested. And the active 
materials from wild cucumber and lupine each gave a 
distinctive pattern. Thus, it would seem that none of 
these extracts has as its active component a substance 
chemically identical with the known gibberellins, and, 
furthermore, there may be a family of substances with 
gibberellin-like activity in higher plants. It was also 
noted that none of the active zones on chromatograms 
of the plant extracts gave a positive indication of 
gibberellic acid in the sulfuric acid fluorescence test, of 
indole compounds in the Ehrlich’s aldehyde test, or of 
leucoanthocyanins or related materials in the vanillin 
test. 

In order to learn the chemical nature of these active 
substances from plant extracts it will be necessary, of 
course, to isolate them in a pure state in sufficient 
quantities for chemical studies. This is made difficult 
by the apparently low concentrations in which they 
occur in plant materials. For example, the wild 
cucumber, which is one of the best sources found to 
date, has an amount of gibberellin-like activity equiva- 
lent to about one milligram of gibberellic acid per four 
bushels of fruit. Efforts have centered on isolating the 
materials from wild cucumber and bean seed. The 
most useful approach found to date utilizes the tech- 
niques of charcoal adsorption, chromatography on 
silicic acid and charcoal and counter current distribu- 
tion. Highly purified materials (more than a thousand 
times more active than the original concentrate) have 
been obtained, but as yet no products of ‘a crystalline 
nature or proved purity have been isolated. Con- 
siderable effort is being devoted to processing large 
amounts of plant material for these substances, and 
chemical studies must await the successful completion 
of this work. 

Although there remains much to be done, it seems safe 
to conclude that substances with gibberellin-like 
biological properties may be found as natural com- 
ponents of many, if not all, flowering plants. This 
fact, coupled with the knowledge of the effects which 
gibberellins have on many plant processes such as 


growth and flowering, points to these substances as 
natural regulators of these processes. Thus, it seems 
likely that further study of the nature and action of 
gibberellins will advance our understanding of plant 
physiology and, at the same time, may provide us with 
materials and methods which can be used to economic 
advantage in controlling the development of commercial 
crops. 
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INDUCTIVE TEACHING AT THE SECONDARY 
LEVEL’ 


Tue pro’s and con’s of inductive teaching of chemistry 
at the secondary level have been discussed for several 
years and as yet we have no unified group taking a stand 
on the issue. Individuals here and there favor and use 
inductive teaching, but really, is inductive teaching 
worth the effort? Does it bring significantly higher 
understanding of chemistry? Does it make better 
students, or rather, does it make students instead of 
rote memorizers? Is it merely a fad that will move on 
into oblivion? Or is it something we should encourage 
and should use to make our own classes more vital, and 
to make our students more alert and experienced in 
scientific thought? 

What is inductive chemistry teaching? Theses and 
dissertations have been written on this topic; each 
author has his own idea. However, one thing we all 
agree on: inductive teaching is the opposite of deductive 
teaching. But what then is deductive teaching? Here 
there is more agreement in coupling the terms deductive 
and descriptive—deductive chemistry is descriptive 
chemistry. The dictionary defines the deductive 
method as a form of reasoning from assumed or estab- 
lished general principles to concrete applications or 
conclusions. It then states that induction is an act 
of reasoning from a part to a whole, from particulars 


to the general, or from individuals to the universal. As 


the term is used in this paper, deductive teaching is 
that regular type of high school chemistry course in 
which theory and description are taught in the class- 
room in which the student spends one or two hours per 
week in the laboratory following a manual of directions 
and seeing for himself the physical phenomena already 
discussed in class. By inductive chemistry, on the 
other hand, is meant that type of course in which 
theory and theory only is propounded in the classroom. 
In the laboratory the student discovers for himself the 
physical and chemical properties of elements and com- 
pounds. He has no formal set of directions but only 
guide sheets and a good reading background on the 
topic. 
As Hetland? wrote: 


1 Presented at the Nineteenth Summer Conference of the New 
England Association of Chemistry Teachers, Colby College, 
Waterville, Maine, August 20, 1957. 

2 Hettanp, MEtvin, The Science Teacher, 24, 172 (1957). 
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The inductive method proceeds from the known and obsery- 
able, i.e., known and observed in the experience of the student — 
to the problem, and depends upon broadening this experience to 
the end that the students themselves discover the solution to the 
problem.... The deductive method, on the contrary, starts with 
a solution rather than a problem and is for that reason a weak 
motivating device. 


Moreover, deductive chemistry tends to create an 
aura of textbook dogmatism. Teachers are all too 
likely to follow a textbook slavishly from cover to cover, 
taking even the order of presentation of the author, and 
teaching only what the author has set down within the 
pages. Is authoritarian science true science? Can 
any scientist today, at any level of learning, claim that 
he has reached the ultimate and that there is no need or 
room for revision? Many a student coming out of this 
type of dogmatic high school into college chemistry is 
bewildered by the contradictions he meets. If the 
secondary school teacher had taught him to reason, to 
question, to weigh the evidence, could such attitudes be 
so prevalent? 

In teaching inductively a problem may be raised and 
suggestions given by the students for possible solutions. 
Teachers should listen to these explanations without 
betraying confirmation or rejection. When the ques- 
tions and all possible answers have been presented, the 
teacher should direct the students to textbooks for 
further information, or refer them to their own labora- 
tory benches for real, firsthand proof of the point under 
discussion. 

Every classroom should use a standard textbook, one 
copy for each student. In addition, every laboratory 
should also maintain a shelf of texts for high school and 
freshman college level. The average student will con- 
sult his own familiar text; in most cases it will suffi- 
ciently resolve his problems though the better student 
will consult several books. The type of book he uses, 
along with the degree to which he can correlate and 
assimilate the information, is a superb evaluative tool 
with which to measure his scientific advancement. 
Knowing where and how to look up the answers to 
problems, and the ability to use a book well, are true 
skills and ones which we must wish to inculcate. 

In inductive teaching we start with students where 
they are in their development and build on the exper'- 
ence that they have had. We make the student face 
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problems, the answers to which are not known to him, 
but we provide opportunities for the additional experi- 
ence necessary to the discovery of the answers. 
Through questioning and discussion we help them relate 
their known experiences to the unknown. Again, to 
quote from Hetland:* 


We use reading materials as another source of information that 
may help them in their work. We continually encourage the 
students to think, to be active, not passive participants. We 
share their enthusiasm for the insights they have gained. And 
finally, we have been reasonably true to the scientific method 
i.e., at no time have we injected the element of “It’s-so-because- 
I-say-it’s-so-or-the-textbook-says-it’s-so.”’ 


A TYPICAL HIGH SCHOOL INDUCTIVE CHEMISTRY 
COURSE 
The following topics are the basis for class work: 

Atomic and molecular structure 

Periodic table and classification 

Simple equations and the laws involved 

Stoichiometric problems 

Solutions, suspensions, emulsions and colloids 

Acids, bases, salts and ionization 

Oxidation-reduction 

Gas laws 

Radioactivity and nucleonics 

With five classes a week in which to cover this theory, 

could not any teacher do a far more thorough job than 
if he had to handle preparation, properties and uses of 
Nz, Hz, O2, NOx, NxO, HCl, COs, HBr, Iz, Cle, 
HNO;, H:SO,, sodium compounds, glass, cement, 
metals, alloys, and a whole long list more? Start 
logically with structure and lead from it into periodic 
classification. If our students really grasp the mean- 
ing of the periodic table they will know chemistry. Do 
teachers, as college graduates in chemistry, feel it is so 
very important to memorize the preparations, proper- 
ties, and uses of streams of elements and compounds, 
and the details of industrial processes like the Bessemer, 
the Frasch, and the Solvay? Or has their knowledge of 
stoichiometrical relationships, periodicity, and ioniza- 
tion stood them in better stead? Is there time in the 
traditional high school chemistry course really to teach 
Debye-Huckel theory, Bronsted theory, and the balanc- 
ing of redox reactions by electron transfer? 


INDUCTIVE LABORATORY WORK MOST VALUABLE 


Laboratory work will be a great anticlimax if the 
student has heard and memorized the material in class. 
He proceeds to fill in his laboratory notebook with 
the record of phenomena that he knows should hap- 
pen rather than what actually did happen. Why his 
reaction did not “come out right’”’ makes little differ- 
ence to him. His answers to the questions are right, 
because he has been taught those answers in class. His 
marks will be in accord with what he writes; hence, 
he writes what he should write. Does this lay a good 
foundation for a future scientist? Does this make him 
well grounded in scientific honesty? 

How is our inductive laboratory work a contrast 
tothis? In the first place, we use no manual. Second, 
we use semimicro technique. Third, students use a 
general outline report form. Fourth, the students have 
sets of guide sheets for the more involved experiments 
so that they will not go too far afield in their testing 
and waste valuable time. These guide sheets are not 


* Tbid., p. 200. 


VOLUME 35, NO. 1, JANUARY, 1958 


directions. They carry suggestions of materials to be 
used and were designed merely as guides—to keep the 


students within bounds. A typical assignment: 


Next week you are to bring a copper penny to the laboratory 
and use it as the basis of ten different experiments. In each 
reaction you should identify all products and write the equations 
for every experiment and test. 


What will the average class of students do with an 
assignment like this? They will read up on copper by 
looking in the index of their class text. They will find 
the metallurgy of copper which they will read with little 
understanding. They will then begin to see possible 
small parts of the chapter that are understandable— 
even facts they can verify at their own laboratory tables. 
They will take notes to the effect that copper will react 
with air and become oxidized and they will come to the 
laboratory with the idea of oxidizing copper with a hot 
flame to hasten the process; they will have found that 
copper reacts with various acids to produce salts and 
they will decide to try every acid they can get. They 
may find out that CuS may be formed, and that Cu- 
(OH): is insoluble and that the copper-ammonia com- 
plex ion is bright blue. They will certainly discover 
that copper comes in two valence states, plus one and 
plus two, and the brighter students will delve until they 
find ways to make both cupric and cuprous salts. So, 
on laboratory day, all can at least perform the oxidation 
reaction by heating a strip of copper in the burner flame 
until a black scale appears on it. Many surprises may 
be in store for some students when they start to react 
copper with the acids. HCl yields no evidence of re- 
action, nor does dilute H.SO,. Why? Dilute HNO; 
evolves fumes; concentrated HNO;, brownfumes. But 
remember, we have said all products must be identified. 
Do the students learn to use reference books in a hurry! 
Handbooks, qualitative analysis books, and every stand- 
ard text on the reference shelf becomes a source of useful 
inférmation. The students soon learn which books are 
useful and how and where to look up material. 

As the year progresses, knowledge and system progress 
likewise. We use a general outline report form for the 
study of elements and compounds as follows: 


Occurrence and methods of extraction 
Preparation 
Laboratory (description and equations) 
Commercial (description and equations) 
Properties 
Physical 
Density, odor, color, taste, solubility, change of state, special 
(allotropic forms, isotopes, etc.) 
Chemical 
Stability, relation to burning, reactions with elements, 
reactions with compounds, test for (description and equa- 
tions), special (oxidizing agent, acid, etc.) 
Structure 
Atomic diagram 
Molecular diagram 
Tonic diagram 
Uses 
Equations which are important and have not been covered in the 
foregoing sections. 


For example, later in the year we examine the oxides 
of nitrogen and their chemical properties. Poor stu- 
dents can get combustibility and probably will leave the 
rest of the outline blank because few reactions are sug- 
gested in ordinary texts under these headings. But the 
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good students, those who have grasped redox to its 
fullest significance, for them there is excitement! 


“Is NOz like SO.? It seems to me as if it ought to be. I’m 
going to try its reaction with permanganate.” 
“Can ferrous-ferric changes be brought about by bubbling 


NO or NO, into the solution? If I use KCNS to trace the pres- . 


ence of the ferric ions I can tell all right.” 

“Copper and concentrated HNO; yield NO:, but the labora- 
tory preparations mentioned in the texts are different. I’m going 
to see which is better.”’ 


That is why this method of conducting a laboratory has 
such merits. The slow pupils can go along and get by; 
and for the good students, the sky is the limit. 

The safety inherent in semimicro laboratory pro- 
cedures can increase a teacher’s courage in the inductive 
teaching. Even if quite potent chemicals are mixed 
together, the amount of material used will cause no 
damage. The hazard of investigating poisonous gases 
is also reduced, and the cost factor is most favorable to 
the semimicro method. For 45 students glassware 
and chemicals cost less than $50 a year whereas the bill 
was $500 for a comparable class using the macro tech- 
nique. 

Has inductive teaching been used successfully with 
college preparatory classes? Yes. Is it only for the 
superior student? No. The answers to these ques- 
tions we have studied carefully for the past ten years and 
in every class taught inductively the mean scores on 
standardized chemistry tests and on the College 
Entrance Board examinations were higher. Statistical 
treatment of the scores of the lower IQ group (IQ 80- 
100 on the Calif. Test. of Mental Maturity) revealed 


that they made a marked improvement under inductive 
instruction. Inductively taught students themselves 
have found their college work easier in the physical 
sciences, and have spent less time in preparation of 
assignments than did their deductively taught fellow 
students. Many more college chemistry majors have 
come from the inductively taught classes though all 
classes were matched for intelligence and socioeconomic 
background as the study was conducted. 

According to Morris,‘ “‘The secondary school program 
should be so organized that the educational opportuni- 
ties offered should match, utilize and challenge the 
students’ abilities,” and the inductive course certainly 
does. Weaver’ thinks the “ideal chemistry course 
would be an experience of learning by doing,” and again 
inductive chemistry measures up to the standard. 


“Boeck® has found that inductively taught classes «re 


superior to deductive-descriptive classes ‘‘in the crucial 
problem of attainment of knowledge of and ability to 
use the methods of science with an accompanying 
scientific attitude.” 

In summary, we agree with Curtis:’ 


It seems unquestionable that the inductive method provides 
better opportunities for teaching the elements of the scientific 
method. The inductive method makes the laboratory part of the 
course a fascinating adventure. The teacher who gives it a fair 
trial will never discard it. Instead, he will make it a major sup- 
plement in all his science teaching. 


4 Morris, Van CieEve, Chem. Eng. News, 34, 3258 (1956). 
5 Weaver, ELBERT, The Science Teacher, 19, 287 (1952). 

6 Boeck, CLARENCE, Sci. Educ., 37, 81 (1953). 

7 Curtis, F. D., The Science Teacher, 17, 222 (1950). 


To the Editor: 

As a commentary on the interesting article by 
Dr. Hans Schindler on the history of 
the separatory funnel, I should like to 
call attention to a stopperless separatory 
funnel designed by K. Naxkanisui [K. 
Nakanishi, B. K. Bhattacharyya, and L. 
F. Fieser, J. Am. Chem. Soc., 75, 4415 
(1953)] and illustrated in the drawing. 
The funnel is useful in quantitative work, 
since it is free from losses entailed in 
opening a stopper and because in the in- 
verted position it is leak proof. In the 
horizontal position the funnel can be 
shaken fairly vigorously, and it is useful 
in extractions where a gas is evolved during shaking. 


Louis F. Fireser 


Harvarp UNIVERSITY 
CaMBRIDGE, MASSACHUSETTS 
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To the Editor: 

I should like to comment that, while the demonstra- 
tion of the flammability of vapor as listed in Tuis 
JOURNAL, 34, A375 (1957) works with a short trough, 
it is much more effective if the trough is 10 to 15 feet 
(rather than inches) long. 


J. A. CAMPBELL 


Harvey Mupp 
CLAREMONT, CALIFORNIA 


To the Editor: 

Anyone who deals in words should enjoy John H. 
Wilson’s recent article, “Our constantly changing 
language” (J. Cuem. Epuc., 34, 447 (1957)). But 
there are several points that seem worth clarification. 

The word cybernetics does have a history. Wiener 
says the following about it in his book, ““The Human 
Use of Human Beings”’: 

Incidentally, I found later that the word had already been 
used by Ampére with reference to political science, and had been 
introduced in another context by a Polish scientist, both uses 


dating from the earlier part of the nineteenth century.’”’ (Page 
15, Anchor edition. ) 
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I believe the pamphlet referred to as belonging to the 
Journal of American Chemical Society is the one pre- 
pared for abstractors and section editors of Chemical 
Abstracts. At least the quoted sentence is found on. 
page 10 of the latter. . rs 

Whenever the subject of hyphens is brought up I 
elways think of Fowler who made a six-page anzlysis 


of how they were used and then concluded that current 


* use amounted to no more than caprice. The pamphlet 


referred to above also has remarks on hyphens (p. 12). 


Karu F. HeuMANN 
ABSTRACTS SERVICE 
Tue Onto State University, CoLUMBUS 


Film Reviews 


@ CRYSTAL GROWTH 


Description: 16 mm., silent, color, 7 min. Rental, $8. 
Producer: Imperial Chemical Industries 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. A showing of this film would 
be of interest whenever crystals are discussed, be it in organic or 
inorganic chemistry. 

Film Conteni: The growth of crystals of inorganic compounds 
is followed by filming it through a microscope. As one student 
put it: “The pictures are phenomenal.” 

General Criticism and Rating: A running sound commentary 
would greatly improve the quality of the film. Although the 
film is interesting, it tends to be somewhat repetitious in spots. 
Yet the shots through the microscope are impressive. Fair. 


@ ATOMS AT WORK 


Description: 16 mm., sound, 10 min. Rental, $1.50. 
Producer: British Information Services 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. This film is recommended for 
showing to general chemistry or general science classes. 

Film Content: Some of the work being done at Harwell (British 
Atomic Energy Research Site) is described in an interesting and 
educational fashion. Brief mention is made of the preparation 
of radio-isotopes, and several applications of tracers are given. 
The explanations are straightforward and easily comprehended. 

General Criticism and Rating: This film is non-technical in 
nature. It may serve as an introduction to the peaceful uses of 
the atom. Good. 


@ THE LINEAR ACCELERATOR 


Description: 16 mm., sound, 12 min. Rental, $2.25. 
Producer: British Information Services 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. Although this film may be’ 


used in general chemistry classes, its optimum value would be 
obtained. by screening it for classes in physical chemistry. 

Film Content: By means of animated drawings the theory and 
operation of the linear accelerator is depicted in a clear and 
concise form. 

General Criticism and Rating: Very good. 


Norte: All of the films reviewed here are produced in Great 
Britain. They are available from the British Information Service, 
45 Rockefeller Plaza, New York 20, N. Y. 
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@ CALDER HALL—BRITAIN’S FIRST ATOMIC POWER 
PLANT 


Description: 16 mm., sound, color, 30 min. Rental, $7.50. 
Producer: British Information Services 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. This film may be of interest 
to chemical or nuclear engineers, but seems to be of little value 
to persons majoring in chemistry as such. 

(2) Other. Groups interested in construction of nuclear power 
plants. 

Film Content: This film outlines briefly the methods used for 
generating electricity from reactors. It then goes into a lengthy 
description of the problems faced in constructing the plant, and 
shows progress from groundbreaking to completion. 

General Criticism and Rating: It is a rather long-winded film, 


‘ of more interest to the engineer than the chemist. 


@ THE SPECTROGRAPH 


Description: 16 mm., sound, color, 20 min. Rental, $5. 
Producer: British Information Services 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. This film may be shown to 
classes in general, analytical, and physical chemistry. 

Film Content: An explanation is given of the theory of spectra, 
with a thorough introduction to the various types of spectra, 
i.e., band, continuous line, emission and absorption spectra. 
Instruments are demonstrated, and their usefulness is explained. 
An information (discussion) booklet is enclosed. 

General Criticism and Rating: Excellent. 


@ RADIOACTIVITY IN ENGINE WEAR RESEARCH 
(PROJECT 074) 


Description: 16 mm., sound, 13 min. Rental, $2.50. 
Producer: British Information Services 
Reviewer: I. J. Wilk, Stanford University 


Possible Utility: (1) Classroom. In general chemistry and 
metallurgy courses. 

Film Content: The old-fashioned way of doing research on wear 
of rings in engines is contrasted with the modern methods. The 
ring is followed from irradiation in a pile to actual use in an engine. 
Special emphasis is placed on handling precautions, with the 
clicking of the counter always in the background. The technique 
of ring wear measurements is clearly explained and fully demon- 
strated. 

General Criticism and Rating: Very good. 


CHEMISTRY 


Mitchell J. Sienko, Associate Professor of 
Chemistry, and Robert A. Plane, Assist- 
ant Professor of Chemistry, Cornell Uni- 
versity. McGraw-Hill Book Co., Inc., 
New York, 1957. vii + 621 pp. 16 X 
23.5 cm. 


Ir 1s unusual in these days of many 
textbooks of introductory college chemistry 
to find one which is truly novel in more 
than one or two respects. “Chemistry” 
is such a book. From the first glance at 
the attractive, almost-white cover, to a 
thorough perusal of the contents, one is 
impressed by numerous fine features. 
It is obvious that the writing and publish- 
ing were conceived and carried out with 
considerable thought and care. The use 
of black, white and gray for the many 
excellent drawings, diagrams, and tables 
gives unusual interest and clarity to the 
presentation. In addition, the textual 
material is printed in clear, easily read 
type, and organized exceptionally well 
for student study. 

Each chapter is headed by an appro- 
priate illustration depicting the subject 
matter to follow. Principal sections 
within each chapter, as well as figures, 
tables, and exercises are numbered clearly 
for easy cross-reference purposes, and 
the chapter and section numbers are 
carried on each page for convenience. 
Each problem and exercise is labeled to 
suggest the principle or concept with 
which the problem deals. 

The book is divided into two parts: 
Part I, Principles of Chemistry, covers 
the principles of atomic and molecular 
structure, chemical bonding, states of 
matter, solutions, colloids, chemical kin- 
etics, equilibrium principles, and electro- 
chemistry; Part II, Chemical Elements 
and Their Compounds, treats the elements 
and their properties in terms of the fun- 
damental principles developed in Part I. 
In Part II, following chapters on hydro- 


gen, oxygen and aqueous solutions, the . 


periodic groups of elements are taken 
up in order from left to right, thus em- 
phasizing the gradual trend from metallic 
to non - metallic properties. Organic 
chemistry is considered in two chapters, 
a brief introductory treatment in Chapter 
24, and a more extended one in Chapter 
28. The final chapter, Chapter 29, con- 
siders aspects of nuclear structure and 
reaction not previously covered. 

There are eight appendixes which pre- 
sent supplementary materials on nomen- 
clature, mathematical operations, defi- 
nitions from physics, the use of units in 
calculations, data on vapor pressure of 
water and oxidation potentials, and a few 
general references. 


The authors state in the preface that 
they “have been guided by the observa- 
tion that students respond to an intellec- 
tual challenge in proportion to the magni- 
tude of the challenge.’”” With this thought 
in mind, they have gone “deeply into the 
fundamentals of chemistry’”’ and covered 
“certain topics not normally discussed 
in elementary texts.’ They state their 
belief that “this approach does not make 
the subject more difficult but actually 
makes it clearer.’”’ While this premise 
is undoubtedly valid, it is also most 
certainly true that different students have 
varying abilities and capacities for meeting 
intellectual challenges, and many a fresh- 
man will find Sienko and Plane’s “Chem- 
istry’ a very rough hurdle to leap, or 
even to climb. This statement is not 
intended to detract from the excellence 
of the presentation, for it is, indeed, well 
done. However, it is a book for students 
of ability, and as such, it is one of the 
best books published to date. 

A number of recent “modern” chem- 
istry texts are organized similarly, with 
the first part devoted to theoretical 
principles and the latter part to descrip- 
tive chemistry. Many teachers object 
to this arrangement, feeling that abstract 
principles and theory tend to discourage 
the beginning student before he develops 
a confidence in the subject matter. The 
novelty of the presentation in this case 
is that so much of descriptive chemistry 
is woven skillfully into the theoretical 
material in the form of examples and il- 
lustrations that the objections to this 
arrangement are largely overcome. Much 
of the everyday chemistry of water, 
hydrogen, oxygen, the atmosphere, and 
other familiar materials is presented in 
this manner in the first half of the book. 

The second half—the properties of the 
elements and their compounds—is consist- 
ently and logically presented in terms of 
the fundamental principles given earlier. 

The authors confess that they include 
more materials than are usually found in 
elementary chemistry texts. Probably 
many teachers would choose to omit a few 
sections here and there. It is a rather 
firm conviction of this reviewer that the 
general introductory course of today 
attempts too much coverage with too 
little depth. In this book, the depth is 
quite adequate, and the breadth of cov- 
erage in terms of subject matter areas can 
be left to the discretion of the individual 
teacher. 

The problems and exercises are plentiful 
and well adapted. Types of calculations 
are presented in the text with numerous 
examples. The method of calculation falls 
just short of the so-called “factor-label’’ 
method preferred by many. It would not 


be too difficult to go the rest of the way 
by setting up the final expressions for 
solving, with units, in a single numerical 
expression. Section 5 of Appendix 3 
is suggestive of this procedure. 

An “Instructors Manual”’ for the teacher 
accompanies the textbook. It includes a 
topical outline used by the authors for 
a one-year course, a list of lecture dem- 
onstrations, sample examinations and 
quizzes, a mathematical aptitude test, 
a list of possible laboratory experiments, 
materials for special problem sessions, 
and answers to those problems for which 
answers are not given in the book. 

In summary, this is a very worthy ad- 
dition to the field of general chemistry 
textbooks. It is a book which every 
high school and college teacher would find 
of value in his own library, and many 
college teachers would find it stimulating 
for class use. 


GRANT W. SMITH 


Tue StTaTE UNIVERSITY 
University Park, PENNSYLVANIA 


CHEMISTRY OF THE COVALENT BOND 


Leallyn B. Clapp, Brown University. W. 
H. Freeman and Co., San Francisco, 1957. 
xiv 684pp. 67tables. 25.5 22cm. 
$7.50. 


In 1948, Brown University adopted 
a new plan for the teaching of chemistry, 
of which one of the most striking features 
was the replacement of the traditional 
freshman course in general chemistry 
by a course in the chemistry of the covalent 
bond (see THIS JOURNAL 26, 10 (1949)) and 
30, 530 (1953). Such an unconventional 
course demanded an unconventional text; 
one was written by Professor Clapp, 
passed through several mimeographed 
editions, and now appears in book form. 

The aim of the Brown freshman course, 
and of this book, is to maintain the 
student’s interest and develop his chem- 
ical knowledge by a study of descriptive 
chemistry beyond the high school level, 
until he acquires sufficient mathematical 
skill to comprehend those fundamental 
topics usually classed as physical chem- 
istry. The branch of descriptive chemistry 
best suited to this purpose is the chemistry 
of the covalent bond, and accordingly 
we find that roughly 85% of the present 
book deals with what is commonly called 
organic chemistry. The author assures 
us that he has included no more material 
than is actually presented to Brown fresh- 
men, and it is true that, as a result of 
the format of the book, the conteni of 
684 pages is less than might be expected; 
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nevertheless, the reviewer cannot conceal 
his admiration for those freshmen who 
succeed in grasping it all! 

This is not a text for beginners. A 
foreword lists topics which the student 
is expected to have at his command in 
consequence of his study of chemistry 
in high school; these include the sig- 
nificance and use of symbols, formulas, 
and equations, the gas laws, the periodic 
system, the atomic theory, Le Chatelier’s 
principle, the elementary chemistry of 
ten substances, and the definitions of 
thirty-two chemical terms. 

The text is divided into six parts. Part 
One, A Framework of Concepts, discusses 
the nature and place of science and re- 
views the electronic and spatial charac- 
teristics of chemical bonds. Part Two, 
Corners of the Tetrahedron, which makes 
up nearly half the book, is straightfor- 
ward organic chemistry of monofunctional 
compounds. Aromatic hydrocarbons are 
introduced immediately after the un- 
saturated aliphatic hydrocarbons, and 
thereafter the two classes are considered 
together. The various systems of acids 
and bases are introduced in connection 
with the carboxylic acids, while a chapter 
on oxidation and reduction follows the 
chapter on ketones. Part Three, Foun- 
dation for the Framework, discusses the 
evidence underlying the concepts (which 
are stated as postulates in Parts One and 
Two) of directed valence, the tetrahedral 
carbon atom, and aromatic structure. 
Part Four, Neighbors on Joined Tetra- 
hedra, deals with polyfunctional com- 
pounds; Part Five, Inside the Tetra- 
hedron, is concerned with metal-organic 
compounds, covalent compounds of silicon, 
phosphorus, and the halogens, and aquo- 
ammono compounds; Part Six, The 
Hexagon, is a miscellany devoted only in 
part to aromatic substances. Numerous 
exercises are provided, consisting mostly 
of formula- and equation-writing and 
of problems in synthesis and identifica- 
tion. 

The most important characteristic of 
a good textbook is accuracy, and in this 
respect “Chemistry of the Covalent 
Bond” rates high. The reviewer found 
no serious errors in the text (there is 
one in the drawing on p. 349, however) 
and only a small number of misprints and 
minor inaccuracies. The writing is gen- 
erally readable and clear, the definition 
of a mole of hydrogen ions on p. 182 
being a deplorable exception. The author 
tries to present explanations along with 
the facts, but is careful not to give the 
impression of certainty where no certainty 
exists. Equations are written with great 
care to specify conditions and yields and 
to show the molecular species actually 
involved. 

Unfortunately, however, the book con- 
tains a fairly large number of annoying 
inconsistencies, especially in Part Two. 
The most serious of these concerns the 
symbols 6+, 6— and @, ©. It is claimed 
that the former are used in the “static” 
and the latter in the ‘dynamic’ case; 
but, quite aside from the practical diffi- 
culty of deciding between the two cases, 
if indeed there is any real difference 
between them, the author’s usage is not 
consistent from page to page. Further- 
More, this attempted distinction results 
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in neglect of the real distinction between 
the partial charges on a polar single 
bond and the full charges in a polarized 
resonance structure. 

Typical of the less serious defects are 
the following: the term “enzyme’”’ is 
used without definition on p. 141 and is 
defined on p. 413; equation 14-59 contains 
both H,O+ and H+ as though they were 
separate species; the chapter summaries 
occasionally contain information not in- 
cluded in the chapter itself. The ben- 
zene ring is denoted by a hexagon small 
enough to fit into a single line of type, 
which gives a very strange impression of 
the proportions of many aromatic mole- 
cules. The formation of the NO.* 
ion in liquid mixtures is introduced in 
connection with the gas-phase nitration of 
methane—which, as the author properly 
remarks, “may well go by a free-radical 
mechanism.” 

It must be emphasized, however, that 
such defects are annoying rather than 
serious. On the whole, “Chemistry of 
the Covalent Bond” is well conceived 
and soundly executed. It should re- 
ceive careful consideration by any chem- 
istry department which is contemplating 
the revision of its freshman course; 
and it might also serve very well, with a 
little amplification by the instructor, 
as an unorthodox and stimulating text 
for a conventional course in organic 
chemistry. 


GORDON G. EVANS 
Tcrts UNIVERSITY 
MeEpForp, Mass. 


COLLEGE CHEMISTRY 


William N. Nebergall, Associate Pro- 
fessor of Chemistry, and Frederic C. 
Schmidt, Professor of Chemistry, Indiana 
University. D.C. Heath and Co., Boston, 
1957. vi + 788 pp. 227 figs. 80 
tables. 18 X 23.5cm. $6.75. 


“CoLLEGE CHEMIsTRY’”’ by Nebergall 
and Schmidt is an important addition 
to the already large number of books 
dealing with chemistry for college fresh- 
men. The main feature of this book, 
and that which particularly distinguishes 
it from other texts on general chemistry, 
is the integration of the study of the 
metals with methods for qualitative 
analysis. The many schools which offer 
a one-year course in general chemistry 
which includes qualitative analysis should 
examine this text most carefully. 

The material covered in Part I is 
that normally covered in the first half of 
a year course and includes chemical 
principles as well as some descriptive 
chemistry of the non-metals. On the 
whole, the presentation is lucid and 
straightforward but on a level that is 
somewhat more elementary than is 
necessary. For example, the gas laws 
are not derived from the kinetic theory 
nor is the general gas law even presented. 
In particular, this reviewer felt that the 
presentation of the concepts of atom 
structure and the nature of the chemical 


bond was inadequate. It seems quite 
impossible adequately to explain the 
build-up of the periodic table without 
recourse to the Pauli Exclusion principle 
and to Hund’s rules. Similarly a dis- 
cussion of the nature of the chemical 
bond is dependent upon an understanding 
of the Heisenberg Uncertainty principle. 
Both of these subjects have been slighted 
in this text. In fact, in the preface the 
authors state that “the periodic classifica- 
tion of the elements is deferred until suffi- 
cient descriptive chemistry has been 
presented to enable the student: to grasp 
the meaning of the periodical relationships 
of the elements.’”’ This statement hardly 
appears to be consistent with the uses to 
which the periodic table may be put as 
stated by the authors in Chapter 15. 
Many of the variations in physical and 
chemical properties of elements and com- 
pounds can be adequately explained 
only after a careful study of bonding and 
its relation to electronegativity, size, 
and position in the periodic table. With- 
out such a preparation, knowledge of 
such things as relative acidity, basicity, 
and oxidizing power for example, is 
reduced to mere rules—accurate and val- 
uable, perhaps, but jejune. 

The level of treatment in Part I of 
this text is reflected in the many problems 
(with answers) given at the end of each 
chapter. This reviewer felt that these 
problems were too elementary and unim- 
aginative; that too many could be solved in 
one step, frequently simply by judicious 
juggling of figures. Many bright students 
who received a superior chemistry course 
in high school, would be likely to find 
the work of the first semester to be some- 
what dull. 

For the material to be presented in the 
second half of the one-year course, the 
authors embark upon a rather successful 
attempt to present a text more in keeping 
with the actual practice in many schools 
today. This section is in three parts, 
one dealing with the “study of the metals 
as they are grouped in the analytical 
scheme” with “due attention being given 
to periodic relationships; another section 
on the quantitative use of the chemical 
principles applicable to qualitative analysis; 
and still a third section devoted to the 
actual analytical procedures, the standard 
scheme of analysis being used with replace- 
ment of hydrogen sulfide by thioaceta- 
mide. In all, the presentation is good. 
Thus the teacher and student have at 
their disposal one book instead of three 
(general chemistry, qualitative analysis, 
and a laboratory manual of qualitative 
analysis). There can be no question 
but that at $6.75 this is a bargain. 

It must be admitted that frequently 
when qualitative analysis is integrated 
with the freshman course in general 
chemistry, the qualitative analysis takes 
a back seat. In this book Nebergall and 
Schmidt have attempted to reverse this 
trend and to hang the general chemistry 
of the metals on to the coat-tails of qualita- 
tive analysis. Thus it is left for the in- 
dividual professor to decide which is the 
more important. 


E. 8. GRAHAM 
Kenyon 
GamBIER, On10 


GENERAL CHEMISTRY 


A. W. Laubengayer, Professor of Chem- 
istry, Cornell University. Rinehart and 
Co., Inc., New York, Revised edition. 1957 
xii + 602 pp. 207 figs. 95 tables. 
16 X 24cm. $6.50, 


SrupENTs who master this text will be 
prepared to continue their studies further 
in chemistry or related fields. The first 
three introductory chapters are followed 
by an elementary physical chemistry 
treatment of the usual topics, sixteen 
chapters, two of which treat hydrogen 
and oxygen. The remaining chapters 
are largely descriptive, with two on 
organic chemistry, and frequently refer 
to the material studied earlier. Chapter 
36, on radioactivity, concludes the text. 
Recent developments are included. For 
example, the lubricity of graphite is at- 
tributed to water absorbed on the surface 
of the flakes. Although this reviewer 
prefers the converse order, empirical 
facts are, usually, related to principles 
previously stated thus showing the re- 
lationship between fact and _ theory. 
The discerning student will learn, in this 
study, that chemistry is challenging. 

This text is superior in its emphasis 
on three dimensional structural chemistry. 
The appropriate illustrations, much im- 
proved over the previous edition, help 
to teach this important concept. Guided, 
perhaps, by the comments of the reviewer 
of the previous edition (THIs JOURNAL, 
26, 684-5 (1949)) more space has been 
given to industrial preparations, and sev- 
eral illustrations, not always placed 
near the textual discussion, have been 
added. 

Most of the illustrations teach. Those 
that were specially prepared for this text 
by Mr. Felix Cooper are very well done. 
Other illustrations, obtained from various 
sources, are uneven in style and would 
have been better suited to the text had 
they been redrawn by Mr. Cooper. 

The chapters in this text are brief, 
but not abbreviated; well suited to the 
amount of attention that can be expected 
of a beginner. The style is somewhat 
dry in the sections dealing with descrip- 
tive chemistry but always readable and, 
in the other sections, occasionally en- 
joyable as well. Several of the examples 
are well-chosen. Many of the exercises 
and problems, increased in number over 
the previous edition, are good; some re- 
quire a review of principles treated in 
preceding chapters. 

There is only one reliable test for clarity 
—use of the text in the classroom. How- 
ever, it seems to this reviewer that the dis- 
cussions in the text may not all be clear 
to the beginning student. In some cases 
the argument is interrupted by an ex- 
traneous paragraph, in thers a needed 
transitional statement is lacking. Oc- 
casionally the order of presentation is 
awkward, first things are placed second, 
or third. In the hands of an experienced 
teacher this need not be a disadvantage, 
but the beginning instructor would be 
well-advised to examine other available 
texts before adopting this one. 


JAY A. YOUNG 


Kine’s 
PENNSYLVANIA 


A GUIDE TO QUALITATIVE 
ORGANIC CHEMICAL ANALYSIS 


R. P. Linstead and B. C. L. Weedon, 
Department of Chemistry, Imperial College 
of Science and Technology, London. 
Academic Press Inc., New York, 1956. 
xi+ 169pp. 28tables. 15 X 22.5 cm. 
$4.50. 


Tuis manual is the product of the efforts 
of the authors to secure a manual suited 
to a particular teaching situation. The 
manual was first written in 1930 for use in 
the Imperial College of Science and Tech- 
nology and has been revised and enlarged 
to its present state. 

The manual is used at the Imperial 
College in the instruction of honors grad- 
uates in chemistry. It forms the basis of 
an intensive, full-time, seven-week pro- 
gram in the second post-intermediate year. 
It is recommended by the authors for in- 
clusion in the experimental work of the 
freshman year, supplemented, of course, 
by lectures in the basic chemistry of the 
main groups in organic chemistry. Use- 
fulness is claimed for the manual where 
post-graduate students seek a _ ready 
method for the characterization of organic 
compounds. 

If one recognizes the differences in the 
methods of teaching in the British uni- 
versities and the American universities, it 
is difficult to be too critical of what would 
appear to be serious omissions in this 
guide. Chief among these is the failure to 
discuss the relationship between the struc- 
tures of molecules and their properties. 
Nothing is said to give the student a clue 
to this relationship. In particular, one 
misses the expected studies on the rela- 
tionship between solubility and structure 
as well as discussion of structural relation- 
ships to physical properties such as boiling 
points, index of refraction, specific gravity 
and the like. 

The descriptions of the methods used in 
the classification of compounds according 
to the functional groups present as well as 
those used for the preparation of deriva- 
tives are generally concise and conform 
to standard methods. 

This manual will find its greatest use- 
fulness where an intensive short course is 
being given and as a general reference 
volume. 


JOHN B. GALLENT 
Davipson CoLLEeGE 
Davipson, Nortu CARoLIna 


ADVANCES IN VIRUS RESEARCH. 
VOLUME 4 


Edited by Kenneth M. Smith, Molteno 
Institute, Cambridge, England, and Max A. 
Lauffer, University of Pittsburgh. Aca- 
demic Press, Inc., New York, 1957. ix + 
339 pp. 16 X 23.5 cm. 


Containing nine articles by as many 
authors, the fourth volume in this annual 
series continues the policy of the editors 
to present a variety of reviews that will 
be representative of the general field of 
virology. The first paper by C. H. An- 
drews, Factors in Virus Evolution, is 
& provocative essay on the evolution and 


taxonomic grouping of viruses. The 
second paper by A. D. Hershey, Bacterio- 
phages as Genetic and Biochemical 
Systems, is an elegant account of current 
trends in bacteriophage research which 
also stresses the gaps where more knowl- 
edge is needed. The third paper by L. J. 
Tolmach, Attachment and Penetration 
of Cells by Viruses, is concerned in the 
main with bacteriophages and _ ideas 
that are gained from kinetic considerations, 
The fourth paper by A. Isaacs, Particle 
Counts and Infectivity Titrations for 
Animal Viruses, brings together in a cle. 
tailed account a variety of techniques 
used in assaying animal viruses. The 
fifth paper by N. W. Pirie, The Anatomy 
of Tobacco Mosaic Virus, presents force- 
ful arguments against total acceptance 
of the notion that chemical homogeneity 
of tobacco mosaic virus has been estab- 
lished. The sixth paper by A. Kleczkow- 
ski, Effects of Non-Ionizing Radiations on 
Viruses, complements a previous article 
in this series on ionizing radiations, and 
provides a valuable account of the 
theory and interpretation of experimental 
results. The seventh paper by B. Kas- 
sanis, Effects of Changing Temperature 
on Plant Virus Diseases, assembles scat- 
tered information on the behavior of 
several plant viruses as they respond to 
changing environments. The eighth paper 
by C. E. Yarwood, Mechanical Trans- 
mission of Plant Viruses, compiles the 
results of many experiments which have 
been concerned with the initiation of the 
infective process by plant viruses. The 
ninth paper by K. E. Jensen, The Nature 
of Serological Relationships Among In- 
fluenza Viruses, analyzes the complex 
immunological relationships encountered 
in experimenting with flu viruses. 

The Advances in Virus Research series 
is a convenient and authoritative means 
of access to recent developments and 
current thinking in virology, and thus 
serves a useful purpose to the virologist 
as well as others whose interests impinge 
on the level of biological organization 
represented by viruses. 


8. G. WILDMAN 
UNIversiTY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


ESSENTIALS OF NUTRITION 


Henry C. Sherman, Late Mitchill Pro 
fessor Emeritus of Chemistry, Columbia 
University, and Caroline Sherman Lan- 
ford. Fourth Edition. The Macmillan 
Co., New York, 1957. xii + 505 pp. 
36 figs. 21 X 14cm. $4.90. 


Tue fourth edition of ‘Essentials of 
Nutrition’’ has brought this excellent book 
up-to-date. Much of the material has 
been reworked and the book reset. This 
book attempts to bring the science of 
nutrition to the beginning student who has 
ejther a limited background in science or 
none at all. Some practical dietetics is 
included, but it is written primarily from 
the standpoint of the why and whereiore 
of nutrients rather than in terms of food 
groups. 


(Continued on page A26) 
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Dearne the past ten years we have seen a steadily 
changing pattern in the nature of work performed by a 
progressive analysis group in an industrial research 
organization.”” These are the words that introduced 
the symposium which occupied a portion of our last 
issue and concludes in this one. If any readers are dis- 
appointed by our devoting so much space to what they 
believe to be a single phase of chemistry, let them read 
these papers again. The number of topics they would 
normally label “organic” or “‘physical’”’ is a thought- 
provoking list. (Incidentally, this shows the futility of 
using any labels.) The main benefit of such a reinspec- 
tion is that their ideas of what an analytical chemist 
really does will get a much needed stretching. 

We would like to paraphrase the opening statement in 
a way which expresses an important corollary to it: 
“During the next ten years we will see a steadily chang- 
ing pattern in the nature of the work performed by 
students in a progressive analysis course.” 

No one who reads these papers can fail to be im- 
pressed by the gap between the kind of work which 
analytical chemists do at the top of their profession 
and that assigned to students as part of the undergrad- 
uate course in the fundamentals of analytical chemis- 
try. Why is this so? Is it inevitable? Can anything 
be done about it? There are difficult answers and easy 
answers to these questions. 

The easy answer to the first question, ‘Why is this 
so?” implies that the second be answered, “Yes,” the 
third one, ‘“Nothing.”” Fundamentals are still funda- 
mentals. Even though the accumulation of knowl- 
edge has turned Ph.D. theses of the last decade into the 
push-button machines of today, the student at the start 
of his training should begin with the analyses which 
time has proved to have pedagogic value. The analyti- 
cal chemistry courses of twenty years ago provided the 
fundamental training which has made it possible for 
those so taught to do research today. 
thing, why change it? A student must learn technique, 
precision, confidence in his manipulative skill. There 
is some drudgery in all sound training. The quantita- 
tive analysis course incorporates “discipline for the 
scientific spirit.’”” These are reasonable values, pre- 


proach problems and invent new methods? 


If we have a good — 


sumably achieved best by the traditional course, little 
changed since Liebig’s day. 

The difficult answers to these questions are the dis- 
turbing ones. They are sought by the teaching chem- 
ists who are perceptive enough to distinguish between 
twenty years’ experience and one year’s experience 
twenty times. These are the disturbing answers which 
are not answers at all; they are futher questions. 

If it is granted that something can be done, that the 
old way is not necessarily the best way because it is the 
easiest way and cheapest in effort, if our students who 
work in an industrial laboratory during the summer 
need not be bored by their college course, the question 
gets more penetrating. What are we trying to teach in 
the “analytical” course? Are we teaching methods of 
solving problems or are we also pointing out how to ap- 
Are we 
teaching analytical techniques which involve only the 
ability to follow directions or are we requiring some ana- 
lytical thinking as well? Do our students realize that 
the problem. of separation and sampling even exist? 
Do they live under the misapprehension that problems 
of analysis involve only inorganic substances? Do the 
practical techniques of ion exchange, solvent extraction, 
and chromatography remain mysterious words in a 
book? 

Our JouRNAL in the near future will have much to re- 
port about changes which are being made in chemistry 
curricula. In the majority of cases, analytical chem- 
istry is being moved toward the upperclass level. This 
allows it to be built on a knowledge of principles and to 
include their application by means of techniques ac- 
tually in use today. Then the theme of the course can 
be the true principle of analysis rather than the watered- 
down or oversimplified concepts of physical chemistry. 


If all the samples of limestone analyzed by sophomore 
chemists were to be piled together, they would make a 
monument suitably commemorating the loss to science 
of the students whose enthusiasm for chemistry accom- 
panied the CO, into the hood. We are hopeful that 
both the monument and the loss will grow no larger in 
the years to come. 
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THE REED COLLEGE CONFERENCE ON THE 
TEACHING OF CHEMISTRY’ 


Frreen high school teachers and 18 college teachers 
took part in the Conference. The participants came 
from all sections of the country, from large schools and 
small, from universities and colleges. 

The primary business of the Conference was the 
question of better interrelation of the high school and 
the first year college chemistry courses. As an out- 
growth of the discussion of this primary question, the 
Conference considered the efforts of many organiza- 
tions at the present time to improve high school and 
college chemistry instruction. From time to time the 
Conference undertook to express its collective view on 
an issue before it by taking a formal vote. The 
hope that a summary of these important actions will 
be of interest to others has prompted the preparation 
of this report by the Conference staff. 


The Chemistry Course in High School and First Year 
College 


Objectives 


(1) To present the basic principles of chemistry as 
an intellectual discipline and to achieve an appreciation 
of chemistry as a creative pursuit of human knowledge. 

(2) To develop facility in analytical, critical 
thinking—especially thinking which involves logical 
and quantitative relationships. 

(3) To develop scientifically literate citizens 
through an understanding of (a) the methods of science 
and (b) the role of chemistry in society and everyday 
living. 

(4) To stimulate interest in chemistry, to identify 
promising students, and to provide adequate preparation 
for further scientific studies. 

All of these objectives are desirable aims for both 
high school and college chemistry courses, both cultural 
or liberal arts courses, and science major courses. 
There are differences in the relative emphasis accorded 
the various objectives but these are difference of 
degree rather than of kind. 


Course Content and Approach 


It is recognized that the objectives stated above may 
be attained by more than one method of presentation 
and that continued attention and study should be 
given to new and more effective ways of reaching these 
objectives. With regard to course content and approach, 
the Conference developed two ideas as follows: 

(1) An effort was made to formulate the funda- 
mental content of a high school course. The con- 
clusions of the Conference with respect to this question 
are presented at the end of this report. 

(2) The Conference recommended that a new and 
fundamental approach be made to the teaching of 
high school chemistry by adopting ‘‘Chemical Bonds” 


1Sponsored by the Division of Chemical Education of the 
American Chemical Society and by Crown Zellerbach Foundation, 
June 17-28, 1957, at Reed College, Portiand, Oregon. 
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as the central theme of the course. The essentia| 
point of view and suggestions for implementing it are 
presented as a separate article in THIS JOURNAL written 
by Laurence E. Strong of Earlham College and \, 
Kent Wilson of Tufts University.2 At present writing 
support is being sought for the implementation oj 
plans to develop such a course on an experimental 
basis. This is in line with the formal action of the 
Conference which recommended that an effort be 
made to prepare the materials needed. 

At the end of the Conference the participants 
agreed that this recommendation was probably the 
most important action taken. 


Suggestions and Recom dations for the Improvement 
of Instruction in High Schools 


One impetus to improvement of high school chemistry 
courses would be the adequate recognition of the 
course as the basis for further work in college. Students 
should be admitted to advanced standing in college 
chemistry as a result of examination, teacher recom- 
mendation, or course evaluation. College credit should 
be given wherever possible. 

The minimum standard for certification for teaching 
high school chemistry should be 16 semester hours in 
college chemistry, to include organic. Graduate train- 
ing should emphasize subject-matter areas in science 
and mathematics. 

In order to relieve the shortage of high school 
chemistry teachers, college advisors should. make an 
active effort to encourage well-qualified students to 
enter high school chemistry teaching; college teachers 
should offer every encouragement to students already 
planning to become teachers; science teachers in 
secondary schools and colleges should lend full support 
to the Future Teachers of America; teachers in both 
high school and college should give students the oppor- 
tunity to gain experience in teaching and to enjoy 
the satisfaction that goes with it. 

To insure the more effective use of trained teaching 
personnel, it should be brought to the attention of 
school administrators that extra time is required for 
laboratory preparation; therefore, in recognition of 
this, administrators should be encouraged to reduce the 
teaching assignments of chemistry teachers and where 
possible to limit their duties to the teaching of science. 

The use of student assistants in the high school 
laboratory should be encouraged by granting credit or 
giving financial compensation. 

The members of the Conference went on record as 
commending the various activities of the American 
Chemical Society through its Division of Chemical 
Education and Local Section activities, the National 
Science Foundation, the National ‘Science Teachers 
Association, the Manufacturing Che.nists’ Association, 
and various chemical industries in providing help and 


2 J. Cuem, Epuc., 35 (1958). 
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DUCATION 


encouragement to teachers of high school chemistry. 
It was felt that certain of these programs which at 
present are of limited scope are worthy of extension. 
These are: 

The N.S.F. programs for in-service training of high 
school teachers, such as those developed by Reed and 
Antioch Colleges, are highly desirable and should be 
expanded beyond the scope of the 1957-58 program. 
Courses of this kind offered for credit applicable to 
advanced degrees and offering opportunity for keeping 
up to date in subject matter should be made available 
to science teachers in all sections of the country. 

It would be most desirable for the N.S.F. to sponsor 
regional and national conferences (of about two 
weeks’ duration) at which high school teachers and 
college teachers could meet together to discuss mutual 
problems. In no better way can each group learn 
what the other’s problems are. Such awareness is 
bound to lead to better cooperation in the essential 
work of training more effectively the future scientists 
and teachers of science so urgently needed. 

The N.S.F. program offering opportunities for high 
school and college teachers to participate in active 
research programs directed by college and university 
professors should be expanded. 


The emphasis placed upon liaison with high school 
teachers as part of the A.C.S. local section activities is 
most valuable. If possible the society should increase . 
its efforts to make its benefits available to high school 
teachers in localities far from the centers of local 
section activity. 

The opportunities for high school teachers to work in 
chemical industry during the summer should be made 
available to teachers in all localities. 
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A Proposed Outline for the Fundamental Content of a High School Chemistry Course 


Class Room Instruction 


(Because of the individual preferences of teachers, it was not 
deemed necessary to prescribe a strict sequence of these topics.) 


I. Introduction 
Scope of chemistry—vocabulary 
Fundamental concepts of mass and energy 
Measurements—metric system 
II. Kinetic molecular theory; states of matter 
III. Atomic structure 
Types of matter; 
weights 
IV. Periodic table 
V. Chemical reactions and bonding 
VI. Simplified descriptive chemistry of such elements as Na, 
Mg, Al, O, Cl, 8S, N 
Writing formulas and equations 
Simple oxidation and reduction reactions 
VII. Chemical calculations 
Related operations involving significant figures 
Experimental errors; the use of the slide rule 


VIII. Solution phenomena 
General behavior of solutions and process of solubility 
Acids, bases and salts 
Ionization and writing of ionic equations 
Electrochemistry 
Hydrolysis 
Molar and norrnal solutions 
IX. Reaction rates and chemical equilibrium (qualitative 
presentation ) 
X. Inorganic chemistry 
A few selected elements 
Commercially important industrial chemicals 
XI. Organic chemistry 
Nature of covalent bonds 
Geometry of organic molecules, isomerism 
Simple classification of compounds 
Some typical reactions 
XII. Technological appl. ions 
Metallurgy 
Conservation of natural resources; other topics 
XIII. Nuclear chemistry 


atoms and molecules; atomic 
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Laboratory Instruction 


It is recommended that laboratory experiences parallel the 
above content to achieve: 


1. Acquaintance with the names and uses of common chemical 
apparatus (test tubes, flasks, beakers, ete.). 

2. Skill in handling and assembling simple apparatus for 
manipulations involving: the gas burner, glass tubing 
and bends, preparation and collection of gases, volu- 
metric measurements, balances weighing to about a 
centigram. 

3. Knowledge of safe practices in the handling of common 
chemicals and glassware. 

4. A desire to take proper care of scientific apparatus and re- 
spect for delicate scientific equipment. 


Examples of Minimum Level of Treatment 


’“ Differences in the level of treatment in high school and college 
courses may be illustrated by the following examples of subject 
matter and quantitative treatment which represent the mini- 
mum level of attainment in the high school course. 


1. Atomic structure 

Three basic particles—charge mass, where found. 

Major energy levels correlated with some chemical prop- 
erties. 

Diagrams of structure—electron pairs indicated. Over 
commitment to a rigid model to be avoided—recogni- 
tion of the fact that diagrams will be crude because 
modern atomic theory requires more elaborate tools. 

2. Quantitative treatment 

Problems based on equations: weight-weight, weight- 
volume, volume-volume. The gram atom, gram for- 
mula, and gram mole concepts should be used to sup- 
plement the teaching of proportions. 

Avogadro’s number. Simple problems. 

Determination of molecular weights: Gram molecular 
volume concept; depression of freezing point, eleva- 
tion of boiling point. 

Formula from percentage composition. 

Density, specific gravity. 

Gas laws. 

Equivalent weights. 

Standard solutions. 


. 
= 


CHEMICAL BONDS: A CENTRAL THEME FOR 
HIGH SCHOOL CHEMISTRY 


In mucu that has been written in recent years con- 
cerning the effective relationship between high school 
and college chemistry courses! two comments recur: 
(1) care should be taken to avoid wasteful repetition 
between the two courses, and (2) performance in fresh- 
man college chemistry appears to be little influenced 
by whether or not the student has had high school 
chemistry. This latter statement seems to imply that 
the standard high school chemistry course is ineffective 
as a basis for more advanced work. Furthermore it 
borders on a gratuitous insult in the face of the fact 
that most college chemistry students say they found 
their original interest in chemistry during their years 
in high school. 

The New England Association of Chemistry Teachers 
has published from time to time a list of topics which 
ought to be in any introductory chemistry course.? 
Ordinarily these lists are prefaced by a statement that 
the actual sequence of topics is left to the individual 
teacher. Such a statement implies that there is no 
logical basis for specifying the best succession of 
material. It tends to create the impression that the 
course is only a collection of loosely related topics. 
Yet modern chemistry has developed considerable in- 
ternal consistency and the process of fitting the details 
into the developing concepts is one of the more exciting 
parts of chemistry. 

At a conference sponsored by the Division of Chemical 
Education of the American Clerical Society and the 
Crown-Zellerbach Foundation tic! a/ Reed College, 
Portland, Oregon, in June, 1957,* a group 7 high school 
and college teachers again discussed the integration of 
high school and college courses. It was agreed that 
repetition should not be ruled out completely for, at the 
right point, repetition is a most useful aid to learning. 
The problem is one of judgment as to the material to be 
included at each level. The group at Reed College did 
not arrive at an answer to this problem, but one pro- 
posal emerged from the discussions which offers a way 
to move forward. It was agreed that a good high school 
chemistry course ought to have a quality of intellectual 
integrity that can be communicated to the student and 
that this could be achieved by having a focus toward 
which most of the discussion could be directed. If a 
course for high school students could be devised with 
a central theme less broad than the whole of chemistry, 


1See, for example, Ciapp, L. B., J. Cuem. Epuc., 32, 141 
(1955). 

2 J. Cuem. Epuc., 34, 307 (1957). 

3 J. Cuem. Epuc., 35, 54 (1958). 


LAURENCE E. STRONG 
Earlham College, Richmond, 

M. KENT WILSON 
Tufts University, Medford, Massachusetts 


but including the major paths by which a chemist pro- 
ceeds in his dealings with chemical phenomena, then it 
ought to be possible to produce a reasoned argument for 
the topics to be included or excluded, the order of pres. 
entation, and the points at which individual variation 
might most readily be introduced. 

A major differentiating aspect between chemistry 
and other branches of natural philosophy is the con- 
cept of chemical bonds. Indeed, the making and break- 
ing of these ties between atoms is chemistry. Our 
proposal is that ‘“Chemical Bonds”’ is the logical cen- 
tral theme‘ for a meaningful high school course. It isa 
theme large enough to include a great amount of de- 
scriptive chemistry and at the same time to serve as a 
guide to the items which can best be included in the 
course itself. If the high school student can be brought 
to some understanding of the way in which atoms are 
held together and to the idea that many of the proper- 
ties which a substance exhibits are determined by these 
bonds between atoms rather than by the specific proper- 
ties of the atoms themselves, he is a long way toward 
being able to think about phenomena in chemical terms. 
Thus, if a chemist wishes to account for the observa- 
tion that some molecular material has a red color, he 
does not conclude that the atoms in the molecule have 
colors which add up to red, but rather that the redness 
is a property of the entire molecule largely determined 
by the nature of the chemical bonds which link the 
atoms together. When the particular set of links is 
altered to some other set, even though in a sense the 
atums remain the same, the color changes. This is not 
to say that each atom contributes nothing by itself toa 
compound, for clearly steric phenomena are due to 
atomic volumes as well as molecular geometry. 

To achieve clarity and simplicity in high school chem- 
istry one could well concentrate on a few prototype 
bonds without serious loss of accuracy. A wide variety 
of compounds and related physical and chemical 
phenomena can then be discussed with reference to the 
main features of the bond types involved. It is suggested 
that three bond types be presented: ionic or electro- 
valent bonds in which the bonding forces are the result 
of electrostatic attraction, covalent bonds in which the 
bonding forces arise from the mutual attraction of two 
nuclei for a pair of electrons, and metallic bonds in 
which the bonding arises from the mutual attraction 
of many nuclei for many electrons. Since. these are 


‘Hicker, W., “Structural Chemistry of Inorganic Com- 
pounds,”’ Elsevier Publishing Co., Inc., Amsterdam, 1950, Vol. I, 
p. 44. 
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extreme types and most real substances do not have 
linkages which correspond perfectly to any one bond 
type, the student would be put on his guard by a later 
discussion of polar covalent and multiple bonds as 
indicated in the following outline. 


Proposed Outline for High School Chemistry Course Based 
on Chemical Bonds as the Central Theme 


I. Introduction 
Metric system 
Il. Elements and atoms 
Laws of chemical combination 
Atomic weights and symbols 
Atomic structure 
Electrons 
Electronic forces: coulombic, exchange 
Atomic numbers: protons and neutrons 
Periodic table 
II]. Chemical bonds—discontinuity of chemical change 
Bond types: ionic, covalent, metallic 
Physical properties of substances 
Gases: gas laws, kinetic molecular theory 
Liquids 
Solids: crystals, e.g., diamond, sugar, sodium chloride 
Physical transformations and temperature 
Gas to liquid 
Liquid to solid 
Relation of mass to properties 
Relation of transformations to bond types 
Classification of matter and physical transformations: 
mixtures, solutions, compounds, elements 
Purification procedures 
Discontinuities between elements and compounds 
IV. Chemical change and covalent chemical bonds 
Reactive systems go to unreactive systems 
Inert gases 
Reactivity and structure 
Methane, hydrogen, chlorine, hydrogen chloride 
Physical properties 
Substitution reactions: formulas, equations, calcula- 
tions 
Chloromethanes 
Oxygen, water, and carbon dioxide 
Combustion 
Chemical energy 
Chemical geometry 
V. Chemical change involving metallic and ionic bonds 
Atomic structure of metals 
Oxidation and reduction (metals plus non-metals yield 
ions) 
NaCl, MgCh, KCl, MgO 
Physical properties 
Simple chemistry 
Electrolysis to produce Na, Ch, Mg 
Mair. chemistry of electrolysis 
VI. Periodic table 
VII. Hydrogen, chlorine, hydrogen chloride 
Relative attraction for electrons, e.g., stabilities of 
NaH, NaCl and HCl 
Polar covalent bonds 
Properties of HCl 
VIII. Properties of H,O 
Physical properties 
Reaction with HCl 
Reaction with Na 
IX. Acids and bases 
Stoichiometry 
Titration 
X. Nitrogen and NH; system 
Equilibrium 
XI. Polyatomic ions 
Oxidation of NH; to yield NO;~ 
Sulfuric acid 
XII. Bonds between like atoms 
Carbon chains 
Multiple bonds 
Functional groups 
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It is intended that the major emphasis in the course 
be placed on the problem of how the properties of a 
compound can be understood in relation to the proper- 
ties of the elements from which it is constructed. 
This is one of the major problems of chemistry. Al- 
though it has been thought about and worked on for 
several thousand years, it is only in the present cen- 
tury that any effective insight has been achieved. 
The road to our present concepts has been through 
detailed experimental consideration of weight relations 
of the elements in compounds as begun by Lavoisier 
rather than the more sophisticated logical analysis of 
Aristotle. But the considerations of gravimetric com- 
position which led Dalton to the atomic theory were in 
a sense a detour around the difficulties of translating 
the ideas of Aristotle and Paracelsus into meaningful 
experiments. Thus it is intended that only a brief 
presentation of chemical stoichiometry be made in Part 
II. No attempt would be made to give a detailed proof 
either by physical or chemical methods for the exist- 
ence of atoms. Since every student is abundantly 
aware of atoms, nuclei, etc., the presentation would be 
confined to a discussion of the concept of atomic struc- 
ture and the definition of terms. Although it is pre- 
sumed that atomic structure would be presented largely 
in terms of the “Bohr atom,” the strict analogy to a 
solar system would be avoided. 

Part III includes an elementary presentation of ki- 
netic molecular theory and its application to physical 
changes of matter. The various bond types are de- 
fined and the properties of matter are shown to be a 
reflection of bond type. The physical changes which 
matter undergoes are seen to be useful in distinguishing 
mixtures, solutions, and pure substances. It could 
then be pointed out that this is still quite inadequate 
for understanding the relation between the properties 
of even a simple molecule and its elements. It is pre- 
cisely here in fact that some of the striking features of 
chemical change can be presented. When, for instance, 
carbon combines with hydrogen to produce methane 
why is the compound a gas at room temperature like 
hydrogen rather than a solid like carbon or when bro- 
mine combines with sodium why is the product a solid 
rather than a liquid and what has happened to the red 
color of the bromine? Surely such characteristics of 
chemical transformations have a dramatic quality that 
can be used to stimulate student thought and inquiry 
along the lines which a chemist channels much of his 
own productive thinking. 

The major work of the course then follows in Part 
IV and subsequently with considerations of the role 
played by various bond types in chemical change. It 
seems simplest at this juncture to consider covalent 
bonds first, as compounds with these bonds can be 
made from starting materials which themselves are 
covalently bonded. The choice of illustrative material 
is largely a matter of individual preference. Here 
methane is used for illustration as it is a simple, natu- 
rally occurring compound which lends itself to substitu- 
tion reactions. Ionic bonds are formed, in general, by 
reactions of covalent compounds with metals. Thus 
in this system one is compelled to discuss the metallic 
bond along with the ionic bond. Again what compounds 
are considered is largely a matter of taste. The outline 
suggests substances of considerable industrial impor- 
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tance. Now that the main bond types have been illus- 
trated, the periodic table can be surveyed with profit. 
It is suggested that this survey be primarily concerned 
with the first twenty elements to avoid the complica- 
tions encountered with the transition elements. 

The next four sections extend the concept of the cova- 
lent bond to include those circumstances where the 
electrons are not equally shared by the two nuclei. It 
would seem possible to present acids and bases from the 
standpoint of the Lewis theory but the principal stress 
would be on the experimental properties of acids and 
bases. As further examples of polar bonds some aspects 
of the chemistry of nitrogen are introduced. Here the 
student can be confronted with non-mathematical 
aspects of chemical equilibrium as well as an illustra- 
tion of solvent systems other than water. Oxidation of 
ammonia to yield nitric acid introduces the concept of 
polyatomic ions and those substances whose atoms are 
linked both by covalent bonds and by ionic bonds. Fur- 
ther examples can be obtained by a consideration of 
sulfuric acid and its commercial production. 

A preliminary estimate of the amount of time re- 
quired to present the material included in the outline 
indicates that there would be room for additional 
material. Some teachers might than choose to expand 
one or another of the listed topics by adding additional 
descriptive material of particular interest. In other 
situations it might prove desirable to add other topics. 
For example, nuclear transformations although not 
directly involved with chemical bonds are of great 
interest to many students. Certainly there are a vari- 
ety of industrial processes and consumer goods that can 
provide additional insights into chemical phenomena 
and may prove useful in certain classrooms. 

Most high school chemistry courses provide some 
facilities for lecture demonstrations and for laboratory 
work. These activities are to be encouraged. We do 
not, however, propose to discuss these important mat- 
ters at any length in this paper. It seems reasonable to 
believe that experiments appropriate to the course 
outlined can be devised or secured. Each section of the 
outline suggests by implication a variety of possibilities. 


Not every student taking high school chemistry wi 
go to college nor will all of those who do go to college 
take further work in chemistry. Thus an effective high 
school course must be one in which the teacher can as. 
sume responsibility for students of different interests 
The great power of physical science lies in the fertile 
combination of conceptual schemes with observation 
and experiment. With the concept of chemical bond; 
linked to a rich variety of descriptive chemistry, the 
teacher should have an opportunity to show the student 
the scientific operation in as true a perspective a; 
possible. Although the proposed course may repre- 
sent an increased emphasis on abstract ideas, this is the 
result of limiting major attention to a single concept 
with varied illustrations. This should give greater 
possibilities for interpretation and clarification to aid 
the student whose main interest may be centered out- 
side the physical sciences. A course such as outlined 
here should give the student a better insight into what 
Conant calls “the tactics and strategy of science”’ than 
the present courses based on typical textbooks so far 
available to the high school teacher. 
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IMPROVING THE QUALITY AND EFFECTIVENESS OF INTRODUCTORY COLLEGE PHYSICS COURSES 


(1) A thorough and rigorous coverage of a limited number of topics is more effective than an 
encyclopedic and showy introduction to a wide range of subject matter. 

(2) Itis probable that no course of less than six semester hours can present adequately the basic 
concepts of physics at the introductory level. A list of seven such concepts is given as the 
minimal set that should be covered: conservation of momentum; conservation of mass and 
energy; conservation of charge; waves; fields; the molecular structure of matter; the 
structure of the atom. 

Physics should be taught as a growing subject and the student should be given illustrations 
of problems on present frontiers. 

Introductory physics courses should be available to freshmen. This may make it necessary 
for the instructor to introduce mathematical ideas, such as those of the calculus, in order that 
the subject be developed with the desired intellectual rigor. 

Senior and experienced staff members should engage in the teaching of introductory physics 
courses, in the training of teaching assistants, and in experimentation directed at the im- 
proved teaching of physics. 


—From the Report of the American Association of Physics Teachers: 
American Journal of Physics, 26, 417 (Oct., 1957) 
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RESINS’ 


Tux softening of water has provided the primary out- 
let for ion exchange materials throughout the approx- 
imately 50-year usage of these products. At first this 
yse was of small scale and was primarily at the industrial 
level. However, as the homeowner realized the value of 
soft water the trend towards a disproportionate sale to 
him commenced. The desirability of soft water in 
the home is continuing to increase the market for 
ion exchange softeners at a very marked rate, which 
has been greatly prodded by new, high-capacity, 
highly stable cation-exchange resins during the last 
lj years. During the last decade industry has realized 
that ion exchange resins have tremendous potentiality 
for accomplishing jobs other than what might now be 
called conventional water softening. Thus industrial 
water treating now extends to a large number of 
variations including deionization (in which essentially 
all ionie species may be removed from solution), 
dealkalization (in which pH is lowered by exchange of 
carbonates for chloride ion), and hot-process zeolite 
softening (in which calcium and/or magnesium present 
as “permanent hardness”’ is removed). 

Ion exchange resins have great value to industry 
beyond water treatment. A host of new applications 
are now in laboratory, pilot plant, or plant stage in- 
volving chemical processing. 

There is one serious drawback to writing a paper such 
as this, viz., that it must by necessity be somewhat out- 
of-date. Many plant processes are characteristically 
confidential and, not until everyone knows that in- 
formation has “leaked out” or until it is felt that dis- 
closure can do no harm because of time or patent, will 
the details of the process be released. 

Thus this paper must be principally a review article, 
but perhaps tying together the facets of information in 
a somewhat different manner. A number of types of 
applications will be discussed, and in each case a 
representative example will be presented briefly. 
Ion exchange equipment of the presently utilized and 
more promising new types will be discussed. Some- 
thing also will be said of the economy of ion exchange 
and of the projected growth of industrial applications. 


DEIONIZATION OF AQUEOUS SOLUTIONS OF 
ORGANICS BY ION EXCHANGE 


This is one of the largest of the chemical processing 
applications for ion exchange resins, one which finds its 
widest use in purification of glycerin (19) and sugars 


_ | Presented as part of the Symposium on Recent Developments 
in the Use of Ion Exchange Experiments as a Means of Separating 
Substances before the Division of Chemical Education at the 
Meeting of the American Chemical Society, Dallas, April, 
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* INDUSTRIAL APPLICATIONS OF ION EXCHANGE 


R. M. WHEATON and R. E. ANDERSON 
The Dow Chemical Company, Midland, Michigan 


(5). In general it may be extended to the removal of 
salts, acids, or bases from aqueous solutions of any 
non-ionized solute. This would include a large range 
of alcohols, aldehydes, and ketones. Properly handled, 
weakly ionized acids or bases as well as ionic species 
of molecular weight too high (i.e., above 300-500) to 
permit appreciable penetration into the resin phase may 
also be freed of salt contaminants by these methods. 
Soap-lye crude glycerin may be purified by ion 
exchange to give products of extremely high purity. 
This soap-lye crude glycerin is obtained after evapora- 
tion of soap lye to 80% glycerin concentration to 
precipitate out the bulk of the salt previously added to 
decrease the solubility of the soaps. A typical “crude’”’ 


Dilute crude glycerin 


Cation Anion Cation Anion 


SECONDARY STAGE 


Cation Anion 


PRIMARY STAGE TERTIARY STAGE 


Purified glycerin 
fo evaporotor 


Figure 1. Ion Exchange Unit for Removal of Salt from Glycerin (2) 


composition: 80% glycerin and 8% sodium chloride 
with small amounts of organic acids and color bodies. 
Based on the reports from a typical plant operating 
to produce 26,600 lb. of 82% glycerin/day (2), this 
crude is first diluted with water to about 20% glycerin 
and then passed through a series of cation and anion 
resin beds, and finally the last traces of contaminant are 
removed in the scavenger mixed bed (containing both 
resin types) (Fig. 1). In this unit equipment has been 
designed to require regeneration of each of the resins 
during the same shutdown period, thus giving a longer 
uninterrupted cycle. Regeneration of the anion beds 
in this case is with caustic, of the cation beds with 
sulfuric acid. The cost of deionization of crude 
glycerin containing 8% NaCl by this method has been 
estimated to be about 1.5¢/Ib. glycerin (19). 


DEIONIZATION OF AQUEOUS SOLUTIONS OF 
ORGANICS BY ION EXCLUSION 


Ton exclusion is a process for the fractionation of 
low-molecular-weight, non-ionic solutes from highly 
ionized materials. Though involving ion exchange 
resins as a separating tool, the controlling factor is not 
ion exchange but. the differential distribution of ionic 
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and non-ionic solutes between the resin and liquid 
phases. Because of the high degree of ionization of the 
resin phase, the equilibrium concentration of the ionic 
component is less within the resin than in the surround- 
ing environment, and thus, operating column wise, this 
component is accelerated in its progress through a 
resin bed as compared to a non-ionic component. 

Although no commercial ion exclusion operation has 
been described in the literature, several are known to be 
in use. One of these involves a unit containing about 
1000 cubic feet of resin. An extensive pilot plant study 
using ion exclusion to remove salt from soap-lye crude 
glycerin has been presented (1/4). A unit containing 
4.5 cubic feet of fine-mesh cation resin was operated to 
give a 99.4% recovery of the glycerin fed with 90% 
salt removal (16). 

It appears that on the industrial scale ion exclusion 
will be called on to tackle the big job of removing the 
bulk of the ionic contaminant at low cost, and that 
where complete deionization is required a scavenger 
ion exchange bed will still be used. The results of 
the glycerin pilot plant operation indicate -a total 
purification cost of 1.0¢/lb. 95% c.p. glycerin starting 
with the soap-lye crude. (lon exclusion: 0.63¢; ion 
exchange 0.12¢; evaporation: 0.25¢.) 

It is realized that solutions containing low electro- 
lyte concentrations are most economically deionized by 
ion exchange. At some higher concentration ion 
exclusion becomes more economical. Perhaps some 
day a rather clear line of demarcation may be deter- 
mined. In any case the usefulness of ion exclusion to 
industry is assured. 


ION INTERCHANGE 


The conversion of a product from one ionic form to 
another by ion exchange has not been carried out 
extensively in industry. Stable silica sols are produced 
by hydrogen exchange of sodium silicate. A portion of 
the calcium in milk is replaced by sodium to produce a 
soft-curd milk and in the preparation of evaporated 
milk. It is very possible that some fine chemicals are 
being prepared by ion exchange metathesis, but 
published accounts are meager. Applications in the 
pharmaceutical field include the conversion of penicillin 
from the sodium salt to the potassium salt and the 
conversion of thiamine bromide to thiamine nitrate or 
chloride. The latter has been described in the patent 
literature (11). 

Certain commercial syntheses of the vitamin produce 
the compound in the form of the bromide. The ion 
interchange is carried out by passing an aqueous 
solution of the thiamine bromide through a weakly 
basic resin in the nitrate (or chloride) form. The 
process is continued until bromide is detected in the 
effluent. The bromide-free effluent is crystallized to 
yield the desired salt. The economic advantage of 
this process is apparent when it is compared with the 
previous commercial method of effecting this metathesis 
which employed precipitation with the appropriate 
silver salt, filtration, and subsequent silver recovery. 

Most metathesis reactions are, potential ion 
exchange applications. Many can be carried out by 
ion exchange that cannot be carried out by conventional 
methods. The degree to which any of these reaches 
industrial scale is largely dependent upon the economic 


factors involved. A good example is a_ patente 
process for the production of caustic from lime anj 
salt by use of an anion exchange resin (1). While such 
a process cannot compete cost-wise with electrolytic 
caustic in this country, it appears much more promising 
in certain other localities. 


SEPARATIONS BY ION EXCHANGE 


Nowhere have the feats of ion exchange resins been 
more spectacular than in the field of ion exchange 
chromatography. Paper after paper over the las 
ten years has told of amazing separations of such 
similar substances as the rare earths, the actinides, 
amino acids, carbohydrates, proteins, polyphosphates, 
complex ions, and even isotopes. Ion exchange 
techniques have become standard methods in isolating 
trace amounts of the transuranium elements and in the 
study of protein hydrolysates. With this record, why 
is the technique not yet used on a large industrial 
scale? The answer is twofold: the huge capital cost per 
unit of product and the undeveloped market for the 
possible products. 

Ion exchange chromatography is a powerful but 
cumbersome tool. The process consists of loading a 
small sample of the mixed materials onto the top of a 
column or columns of resin and eluting with another 
electrolyte. If the materials to be separated are very 
similar, only a small fraction of the total exchange 
capacity of the bed can be used per cycle and the 
permissible flow rate is usually many times slower than 
in conventional ion exchange procedures. Thus the 


yield of product per cubic foot of resin per year may be 


quite low. In addition a considerable volume of 
eluant is required which may in itself be a fairly 
expensive chemical. 

To the authors’ knowledge the separation of the rare 
earths is the only application of this type that has been 
carried to industrial scale. Spedding and co-workers 
developed the general process and carried it on into a 
pilot plant scale which in 1951 could produce two to 
three kilograms of pure neodymium per month and 
smaller amounts of the rarer rare earths (17). The 
gross separations of the rare earths are made by 
conventional precipitation and crystallization tech- 
niques. The more difficult fractionations are then 
carried out by ion exchange chromatography. A small 
volume of the mixed salts is loaded on the top of a 
column of sulfonic acid cation exchange resin. The 
column is then eluted with a buffered solution of 
citric acid, ethylenediamine tetraacetic acid, or some 
other compound which is capable of forming complexes 
with the various rare earth cations. These complexes 
travel through the column at different rates and if all 
the conditions are properly controlled the individual 
rare earths appear in various portions of the effluent. 
Figure 2 shows the purification of neodymium by 
such a process (18). The center portion of the graph 
represents a cut of neodymium better than 99% pure. 
The process has been adopted by several chemical 
concerns, and rare earths so purified are now on the 
market (3). The future scale of this application 
obviously depends on the market for one or more of 
the pure rare earths. 

It is not beyond possibility that a second industrial 
scale operation of this type may occur in the field of 
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Figure 2. Elution of 5 g. of 76% Nd2O; Through Sulfonic Resin with 
0.1% Citrate (78) 


biochemistry. Ion exchange chromatography has cer- 
tainly proved its ability to make amazing separations 
in this field. The day that one of these products comes 
into demand, and synthesis fails, the separation wili be 
carried out on an industrial scale. 

As the ions to be separated become more dissimilar 
chemically, the separation becomes easier and may be 
accomplished by more conventional methods—ion 
exchange or otherwise. 


CATALYSIS BY ION EXCHANGE 


A recent and certainly non-conventional application 
of ion exchange has been in the field of catalysis. The 
fact that the hydrogen-form sulfonic acid resins have 
catalytic activity comparable to strong mineral acids 
has been recognized since early work on the demineral- 
ation of sugar solutions in which inversion was 
observed. Several dozen papers have been published 
during the last four or five years describing various 
reactions which have been carried out with ion exchange 
However, judging by published 
information, this application of resins only recently has 
reached industrial scale. This development is in the 
epoxidation of unsaturated animal fats, vegetable oils 
and their derivatives (4). 

Epoxidation is the reaction of an organic peracid 
with an olefinic compound to give an epoxy compound 
as shown. 


The epoxide ring is easily cleaved by a number of 
reagents and a wide variety of products can be obtained. 
Generally, mild conditions and the absence of any 
strong acid are necessary for isolation of the epoxide. 
The peracid required in the epoxidation reaction was 
previously prepared by reacting hydrogen peroxide 
with an organic acid in the presence of a strong mineral 
acid. This required the handling and storage of the 
hazardous peracid. In addition the mineral acid used 
to catalyze the peracid formation complicated the 
isolation of the epoxy compound in the subsequent 
reaction. The substitution of the sulfonic acid resin for 
the mineral acid allows the preparation of peracid free 
of mineral acid, or, in the preferred method, allows the 
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formation of the peracid in situ during the epoxidation 
process. 

Three methods of carrying out the reactions have 
been proposed. In the first, sulfonic acid cation 
exchange resin is added equal to approximately 25% 
of the weight of the reactants (unsaturate, organic 
acid, and hydrogen peroxide). The mixture is held 
at 60° to 80°C. for several hours. The resin is removed 
by filtering and may be reused in subsequent epoxida- 
tions. The second procedure eliminates the reuse of 
the resin catalyst, with the accompanying handling 
difficulties, by reducing the amount used to about 2% 
which can be considered expendable. Equivalent 
results can be obtained by running the reaction at a 
higher temperature and for a longer time. In the 
third method the resin is held in a fixed bed and the 
reactants are circulated through it. This technique 
allows a high ratio of resin catalyst to unsaturate at 
any given time with increased reaction efficiency. A 
water-wet resin can actually be used in this method. 

A number of advantages have been claimed for the 
use of resin catalyst in this reaction: 


(1) A higher epoxy content is obtained. 

(2) Byproduct formation is reduced. 

(3) The hydrogen peroxide can be converted to peracid almost 
quantitatively. 

(4) Peracid preforming is eliminated, thus no storage or han- 
dling problems. 

(5) Raw material costs are reduced as the resin catalyst can be 
used as many as 25 times. In addition, neutralizing 
agents are not required for the product. 

(6) ae mole ratios of glacial acetic acid can be used. The 

xcess used is more easily recove 

(7) There is a decided safety advantage over the preforming 
and storage of peracids. 


Obviously not all of these advantages can be claimed 
for the use of resin catalysts in every organic reaction. 
However, other advantages are possible which are 
not listed above. A decided advantage of the resin 
catalysts when used in a fixed bed is the rapidity 
with which the product is separated from the catalyst. 
Thus a reversible reaction which is highly dependent on 
special conditions of temperature or pressure can 
be carried out in the resin bed, and the product stabi- 
lized, since no catalyst is present once it leaves the 
reaction zone. 

Resin catalysis is not limited to those reactions in 
which the active component is the hydrogen ion. 
Other possibilities are the use of hydroxide-form 
quaternary-ammonium anion exchange resins for 
hydroxide catalyzed reactions, the use of cation resins 
carrying particular metallic ions, or specific effects of 
the functional groups of the resins themselves. 


ION EXCHANGE IN THE METAL FINISHING INDUS- 
TRIES 


The application of ion exchange to various solutions 
arising in the metal finishing industries has received 
considerable attention in the last few years. These 
developments have been initiated in most cases by 
tightening stream pollution regulations. In many 
cases, in addition to solving the disposal problem, the 
use of ion exchange has reduced the cost and/or im- 
proved the quality of the finishing process. 

A variety of processes are used in metal finishing. 
Examples are plating, pickling, and anodizing, and 
each of these may be broken down further according to 
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the particular job being done. Likewise a wide 
variety of chemicals are involved. However, despite 
this diversity of processes, the use of ion exchange in 
the metal finishing field can be broken down into two 
main categories. The first of these is the treatment of 
an exhausted or contaminated solution to make it 
suitable for reuse and the second is the recovery and 
concentration of valuable materials from dilute solutions. 

The first of these two applications arises whenever a 
metal is treated in an acidic solution. As the treatment 
bath is used, metal is dissolved, and the acid is gradually 
neutralized. As the dissolved metal concentration in 
the bath builds up and the pH rises, the behavior of 
the bath changes. The reaction usually slows, the 
finish produced becomes poorer in quality, and at some 
critical dissolved-metals concentration the bath must 
be discarded, or at best refortified with additional strong 
acid, even though there may be a considerable amount 
of free acid still present. The application of ion 
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Figure 3. Simplified Flow Sheet of the Reclamaticn of Acetic Acid 
Pickle 


exchange in such cases is for the removal of the con- 
taminating metallic ion. The solution is passed through 
a column of sulfonic acid cation exchange resin in the 
hydrogen form. The metallic ions are retained and the 
original acid re-formed. 

This process has found commercial use in a variety of 
metal finishing plants using chromic acid and chromates 
and case histories are to be found in the literature (6). 
Another announced application has been in the phos- 
phoric acid pickling of steel (12). A recent application 
is for the recovery of acetic acid used in the pickling of 
magnesium. 

The magnesium sheet produced by the Dow rolling 
mills at Madison, Illinois, is freed of surface contami- 
nants by spray pickling with a mixture of acetic acid and 
magnesium nitrate (Fig. 3). As the bath is used the 
acetic acid is converted to magnesium acetate and, as 
outlined above, the solution eventually becomes 
unusable even though it may still contain as much as 
8% acetic acid. The large continuous pickling unit 
was designed as a series of cascading tanks so that 
fresh acid could be fed into one end of the line of tanks 
and flow countercurrent to the direction of the metal 
until it was discarded at the opposite end. The function 
of the ion exchange unit is to take the discarded acid, 
strip out the magnesium, and return the re-formed acid 
to the pickling line. 

The continuous pickling process and the batch ion 
exchange are tied together through two storage tanks. 


When enough used pickling solution has accumulate) 
in the first of these tanks, the ion exchange cycle i 
started. The solution is passed through a column oj 
Dowex 50 where the magnesium acetate and magnesiun 
nitrate are converted to the free acids. The product 
portion of the effluent is run into the second storage 
tank where the somewhat diluted product is fortified 
by the addition of concentrated acetic and nitric acid 
and from where it is fed back into the pickle line g; 
needed. The Dowex 50 bed is regenerated ith 
20%-21% sulfuric acid giving a waste stream oj 
magnesium sulfate. The entire operation, including 
the analysis of the used and reclaimed pickle solutions, 
initiation and control of the exchange cycle, selection 
of product cut, make-up or regenerant, and withdrawal 
and addition of solution to the pickle line, is automatic. 
This unit promises to pay a triple dividend. It gives 
an economy in cost of chemical raw materials as some 
90% of the acetic acid and nitrates used in the proces 
are recovered at the cost of slightly more than an 
equivalent amount of comparatively inexpensive sulfuric 
acid. A considerable economy in operating time is 
realized as the operating crew is freed of the problem of 
manually maintaining the proper acid concentrations 
in the line. Lastly, improved quality control can be 
realized as a constant acid gradient is maintained along 
the pickling line. 

This acetic acid solution is particularly well suited 
to the ion exchange treatment since the low ionization 
of the acetic acid allows an efficient pick-up of mag- 
nesium in the resin column, and the nitric acid produced 
reacts with magnesium acetate as soon as it is returned 
to the pickle line to give magnesium nitrate and more 
acetic acid. Also, acetic acid, in common with chromic 
acid and phosphorus acid, is a comparatively expensive 
acid, and the amount recovered is worth several-fold 
the value of the sulfuric acid used to regenerate the 
resin. 

That this comparative value of acids is all-important 
can be seen in attempts to apply ion exchange recovery 
to the huge volumes of sulfuric acid pickle solutions 
currently being produced in the steel industry. While 
the process is chemically feasible, the economics 
depend upon finding a way of recirculating the regener- 
ant acid or producing a valuable byproduct. 

The use of ion exchange for the recovery and con- 
centration of valuable materials from dilute solutions is 
finding wide acceptance in the various chrome finishing 
operations for the stripping of rinse solutions. Practi- 
cally all metal objects that are treated in a bath are 
subsequently rinsed and inadvertently carry out 
solution. The large volumes of contaminated rinse 
waters which result present a serious disposal problem in 
many areas and also represent a considerable loss of 
chromium. This problem is solved by the use of a 
two-bed deionization system. 

The rinse water is passed through a hydrogen-form, 
sulfonic acid resin which strips out the metallic cations. 
It is then passed through a strongly basic, anion 
exchange resin which picks up the chromate and any 
other anions which may be present. The effluent is 4 
good grade of demineralized water which can be 
returned to the rinse operation. When the cation bed 
is exhausted it is regenerated with a strong mincral 
acid and the effluent sewered after any neces-ary 
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neutralization. When the anion bed is exhausted it is 
regenerated with sodium hydroxide. The effluent of 
sodium chromate and caustic is passed through the 
regenerated cation bed and the product is chromic acid 
suitable for return to the treating bath. Here again 
detailed case histories are to be found in the literature 
(15). Among the benefits cited from such installations 
are: (1) elimination of chromate waste problem, (2) 
water conservation by recirculation of rinses, (3) 
improved rinsing due to use of demineralized water, 
(4) saving in processing costs. Package units are now 
available for both the treatment of chromium baths and 
the recovery of chromium from rinse waters. 

The recovery of a valuable component from dilute 
solution by ion exchange is not limited to the metal 
finishing industries. A good commercial example is 
the isolation of streptomycin from culture broths. 


EXTRACTION OF METALS FROM ORES 


Probably the fastest growing industrial application of 
ion exchange during the last few years is in the recovery 
of uranium from uranium-bearing ores. Advantage 
is taken in this operation both of the selective prop- 
erties of particular resins for particular ions and the 
concentrating ability of resins. The earliest ion 
exchange work on uranium was carried out with cation 
exchange resins. However, the resins exhibited 
little specificity for this meta] as related to many others 
also present in the ores. The discovery that uranium 
could be picked up as an anionic complex (UO.(SO,)3) —* 
by anion-exchange resins in presence of excess sulfate 
led to the rapid commercial development of the process. 

In the conventional process (7) the ore, after crushing 
and grinding operations, is leached with sulfuric acid. 
The filtered acid leach is then passed through columns 
of anion exchange resins where more than 99% of the 
uranium plus small amounts of other materials are 
removed from solution. After the first of a pair of 
columns operating in series is exhausted, it is taken 
off stream and regenerated with one molar chloride or 
nitrate solution containing about a tenth molar con- 
centration of the corresponding acid. As a result of 
this operation, the uranium may be concentrated from 
less than one gram of U;O, per liter of solution to 
about ten grams per liter, and simultaneously freed of 
most other metals. The uranium oxide is then pre- 
cipitated as a yellow cake containing low quantities of 
impurities by raising the pH. In general, the strongly 
basic anion exchange resins are preferred in these 
operations, primarily because of greater stability. 
However, mixed weak base-strong base resins and 
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weakly basic resins have been, and perhaps still are 
being considered. 

Capital expenditures for these ion exchange plants 
run high, but probably no higher than the many-step 
processes used prior to ion exchange. Ion exchange 
offers great advantage in simplicity of operation and 
quality of product and has been accepted for the 
over-all economy it offers to the extent that the bulk of 
the free world’s uranium is now collected by ion ex- 
change. The outstanding success of this process gives 
added impetus to the suggestion of similar applica- 
tions in metal extraction, recovery, and concentration. 


TYPES OF EQUIPMENT 


A discussion of industrial applications of ion exchange 
would be quite incomplete without reference to the 
types of equipment now in operation for bringing the 
resin and solution into contact. 

Batch Reactor. The simplest ion exchange reactor is 
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the batch reactor which involves simple contact of 
resin and solution in single stage such as in a stirred 
vessel (Fig. 4). The only instance in which this may 
be effectively used, however, is one in which the reaction 
goes essentially to completion in one direction. The 
best example of this is the neutralization of an acid 
or base. This may be accomplished by the addition of 
an acid-form cation exchanger to a base, or a hydroxide- 
form anion exchanger to an acid. Or complete de- 
ionization of a salt may be accomplished by proper 
addition of mixed resins. Such reactions require 
subsequent removal of the spent resin from the reaction 
mixture and are most adaptable where only trace 
quantities of ionic materials are involved, such as 
catalysts. In general the resins in these cases are 
considered as process materials and discarded from 
further use. 

Batch-Fixed Bed Reactor. There are cases where a 
batch type reaction is preferred but recovery of resin for 
re-use is required. Such is the case where larger excesses 
of acid or alkali than referred to above must be removed 
and the discarding of resin is too costly. A novel 
combination batch-fixed bed reactor has been designed 
for this type of operation as indicated in the sketch 
(Fig. 4). The bottom of a stirred vessel may be 
constructed of a porous filter media. After reaction 
with the resin is complete, the treated liquor may be 
removed by filtration and rinsing. The resin may then 
be regenerated for re-use as described below. In one 
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example of this type of operation in full plant production, 
the sodium salt of a weakly ionized organic acid is 
‘titrated’ with Dowex 50-H*+ to remove the sodium ion 
from solution and produce the organic acid in high 
purity. 

Fixed Bed. The most commonly used type of ion 
exchange equipment is the column or fixed bed in 
which the solution phase is passed through the resin 
phase which in turn remains in a fixed position (Fig. 4). 
For any operation where low concentrations of ions are 
to be removed or exchanged, improvement on the fixed 
bed will be difficult to attain. Two inherent dis- 
advantages of the fixed bed are (1) inefficient use of the 
resin and (2) variable feed and product compositions. 

In the fixed bed as normally used, and depending on 
the equilibrium constants and kinetics of the exchange 
reaction, a large portion of the bed is inactive. Only 
the resin zone in which exchange of one ion for another 
takes place may be called active. The zone above 
this is exhausted with the eluting ion, the zone below 
this with the regenerant ion—neither adding anything 
to the exchange reaction. On the other hand, both 
the shell housing the resin and the resin itself may 
be considered as capital investment and in themselves 
add little to operating cost. It is generally much more 
costly to operate with very shallow beds which require 
frequent regeneration, particularly where manual 
operations are involved. 

A pseudo-continuous fixed bed unit may be devised 
by using a series of fixed beds. These may be placed in 
a circle over which feed and take-off lines pass succes- 
sively, giving near uniform product composition. The 
success of the unit depends on the use of a large number 
of sections, perhaps twelve or more, and valving 
becomes very costly and complicated. One point 
which should also be considered here is that the ex- 
change-band width will change for loading and re- 
generation (unless the equilibrium constant for the 
reaction is 1.00). If a resin is specific for a given 
regenerant ion, the band width will be narrow, but the 
band width on exhaustion will then be wide assuming no 
change in the reaction equilibrium constant. The 
chances for commercial adoption of such a unit seem 
slim. : 

The arguments against the fixed bed because of 
variable product and feed composition diminish in 
merit as the exhausting solutions decrease in concentra- 
tion and thus as the ratio of down time to operating 
time becomes small. It seems unlikely that any 
continuous ion exchange unit will be widely accepted 
in preference to the fixed bed for water treatment, at 
least until it has been proved outstanding for treatment 
of solutions of much higher ionic content. Surprisingly, 
however, the only existing commercial continuous unit 
known to the authors is being successfully applied to 
municipal water softening. 

Continuous Moving Beds. Perhaps the greatest 
amount of effort to date on continuous ion exchange has 
been devoted to continuous moving beds. As stated 
earlier, the only known operating unit is used in 
municipal water softening (8). However, unit designs 
have been investigated in great detail. In principle, 
resin falls by density difference through an ascending 
stream of the solution to be treated. The product 
liquor is removed from the top of the column, the spent 
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resin from the bottom (Fig. 5). Two of the primay 
problems of this operation are: (1) rather low flow rat« 
because of small density differential between resin an 
solution and (2) scale-up problems of resin and liquij 
distribution. It is likely that resin manufacture, 
could solve the first problem; the second appears to \y 
a greater challenge. The advent of intermittent) 
moving beds and of fixed beds containing finer meg 
resins has diverted attention away from the strict) 
continuous operation as described here. 

Intermittent Moving Beds. With the announcemer; 
of two units radically different from anything earlie 
described, first the Higgins contactor (9) and mox 
recently the Porter contactor (13), continuous iq 
exchange has been given a “shot in the arm.” |; 
each of these units the flow of resin and solution j 
intermittently co-current and counter-current. Th; 
time cycles are so set up that for the bulk of the cye 
the resin is in fixed position with solution flowing in oy 
direction through it. For short intervals, howeve 
resin and solution are moved a short distance in tl 
opposite direction. Thus, though the cycle is inte. 
mittent, the ‘down time” is very small and a standiy 
concentration wave can be maintained. 

Basket Units—Resin-in-Pulp Process. The diff 
culty encountered in filtering the leach solutions froy 
uranium ores prior to ion exchange has led to th 
development of a novel contactor. The techniqu 
called resin-in-pulp, or RIP, has been developed unde 
A.E.C. contract to permit contact of resin and w 
filtered ore slurries (10). This contactor is simply; 
series of wire-mesh baskets of sieve-size coarse enougl 
to permit ready passage of the slurry solids but fin 
enough to retain the resin particles. The standan 
mesh used is 9 X 35, the ore is ground to minus 20) 
and the resin to be used is a plus 20 grade. 

The slurry is passed through a series of tanks housiy 
the baskets which in turn are raised and lowered 1 
give intimate contact between resin and slurry and t 
prevent plugging. A train of such baskets operate « 
both the exhausting and regenerating cycles. Eat! 
basket must represent about one equilibrium stage, an 
thus resin usage is less efficient than in column method 
—perhaps one-fourth as efficient. This inefficiency 
balanced by the elimination of prior filtration whit! 
ean be very costly with certain slimes. The Rl! 
units are being adopted to a large extent on the Colorad 
Plateau. 

It should be noted here that columns may also 
adapted to handling slurries. In recent work th 
Higgins contactor has been used in this manner withoi 
any plugging. Also Weiss (20) has shown that 
solids slurry may be passed through a pulsating fixe 
bed without loss of resin efficiency. 

It seems very safe to say that new ion exchang 
contactors will be devised as the need arises. Unit 
other than fixed beds have found their proper place, bi 
it is doubtful that the fixed bed will be complete! 
replaced or even much improved for treatment 
solutions containing smal] amounts of electrolyte. 


ECONOMICS 


A number of factors must always be considered in th 
evaluation of a new process and would certaill 
include these: (1) product yield, (2) product qualit 
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(assuming reflection in sales price), (3) operating costs, 
(4) investment. 

A proper balance of these must be weighed against the 
balance of the same factors with competitive processes. 
The process looking the most favorable, over-all, 
should normally be chosen. 


pears to ly The primary cause for 
ermittent)mmdeviation from this rule results from lack of experience 
finer mejmwith a new process which adds an additional caution 


factor, particularly with the smaller operators who 
annot afford the risk of change. 
Ion exchange resins are generally outstanding for 


the strict) 


ounce me! 
hing earliefmproducing high quality products at good yield. Operat- 
and monmpng costs are moderate and can be very low with the use 


Capital expenditures often 
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inuoUs jp 
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solution qg™tions beyond this are impossible without referring to 
rent. examples. 
of the cycifm Ion exchange resins themselves often can be considered 
wing in owf™ms investment items rather than process chemicals. 
3, however fmlhe function of resins in an ion exchange column is very 
ance in thgeomparable to that of packing in a distillation column. 
le is intedmmlhe write-off time, however, is a difficult thing to 
a standinmletermine as based on laboratory experience. Actual 

Bpperating experience will determine that the period 
The difgmvill vary from weeks to years depending upon the 
utions fromprocess. In any case, the approach should be con- 
led to thgervative, realizing that the effective life of the resin is 
techniqugmprobably not indefinite. It is usually possible to 
loped undegmain a large amount of know-how in this respect 
in and wiggrom other operating units treating similar solutions. 
is simply 4 Industrial ion exchange equipment (exclusive of 
arse enougimmvater softening) will generally cost somewhere between 
ds but finggipl00 and $500 per cubic foot of installed resin. The 
.e standanmmariation of course reflects the complexity of the 
minus 20/ggmstallation, the extent of automation,: material of 
onstruction, and location. 

nks housi In weighing the merits of ion exchange it is essential 
lowered t@@gpnat the process be fully evaluated and that all of the 
urry and \q™ariables be considered. A number of these are shown 
operate afm” the table. Resins and solution pairs must be chosen 
cles. 
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Variables in Ion Exchange Process Work 
Rate 


Equilibrium Resin phase Solution phase 


Cross linking Concentration 


Functional group 
he Colorad pH Particle size Flow rate 
Ton valence Ton size Temperature 
nay also k Ion size Temperature Ion size 
y th Cross linking Ionization degree Viscosity 
WOrk tli 


mer withoi 
ywwn that 
sating fixe 


n the basis of reaction equilibria and kinetics, bearing 
he entire cycle in mind. Will the reaction give high 
sin loadings and efficient regeneration? Has the 


nm exchanggmoper resin been chosen with respect to ionic form 


ises. Unit(™Mionic or cationic), functional group (carboxylic or 
sr place, bi ilfonic), crosslinkage (or porosity), particle size? 
completeljmave the best operating conditions been chosen with 
eatment d™espect to temperature, pH, flow rate, concentration, 
olyte. iscosity? These and other questions require a fair 
egree of understanding before the answers may be 
etermined. A group familiar with ion exchange 
dered in th 
certain + 
luct qualit 
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should in any case be consulted before making a 
decision—a group from either within the organization 
or some outside firm. 


CONCLUSION 


It seems certain that the acceptance and use of ion 
exchange resins as an industrial tool will continue to 
widen for a number of years. Because the nature of 
these applications is often held confidential, actual 
release of information will lag by a few years. Along 
with increased usage comes more understanding of 
what resins will do and more suggestions as to desirable 
modifications to fit a particular need. An increasingly 
wide variety of ion exchangers must be made available 
along with information of their use. 

At the university and research organization level 
there is wide interest as indicated by the large number of 
requests for information and resins directed to the 
resin suppliers. Publications on ion exchange tell the 
same story—generally about 30 to 40 articles appearing 
each month in the various journals. 

Engineering groups are now accepting ion exchange 
in its proper place. Newer engineering books discuss 
the subject—at least briefly. The first textbook on the 
subject is being written. Industrial ion exchange, 
excluding water treatment, is barely ten years old. 
It will be interesting to see what the next ten years will 
bring. 
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ISOELECTRONIC MOLECULES’ 


Isoziectrontc molecules of a certain class x/y may 
be defined as those which have x atoms and y valence or 
outer-shell electrons; they may be anions, cations, or 
uncharged.2 Whatever the individual atoms may be, 
such molecules have the same over-all structure with the 
same arrangement of electron orbitals. There are, 
however, differences in fine structure, which have pro- 
vided a fruitful starting point for spectroscopists for 
many years. The purpose of this discussion is to 
demonstrate that the concept of isoelectronic molecules 
can be of considerable value to the instructor in develop- 
ing the principles of structural chemistry, to the student 
in helping to bridge the apparent gap between inorganic 
and organic chemistry, and to the research worker in 
suggesting analogies which may yield interesting fields 
for investigation. 

The simplest class of isoelectronic molecule is the 
2/2 class containing two atoms and two electrons, 
namely hydrogen, deuterium, tritium, and combina- 
tions of these such as HD. Another simple class is the 
2/14 class which contains two atoms and fourteen elec- 
trons and includes the halogens and interhalogens. 
These are both structures having only one o bond. A 
little more complex is the 2/8 class which comprises the 
hydrogen halides. These have a single ¢ bond which 
is unsymmetrical because of the difference in electro- 
negativity of the two atoms. 

More complex still is the 2/10 class. Each molecule 
may be written X=Y with resonance contributions 
from structures with appropriate formal charges. They 
may be also represented 


:X—Y: 


using the convention that the pairs oi electrons shown 
by dots above and below the oa bond have mutually 
perpendicular nodal planes.’ Here is a simple but 
effective introduction for students to the idea that over- 


1 Presented at the 32nd Meeting of the Australian and New 
Zealand Association for the Advancement of Science, Dunedin, 
N. Z., January, 1957. 

* The definition of isoelectronic follows W. H. Coutson, “‘Val- 
ence,’’ Oxford University Press, 1952, p. 126. However, many 
chemists understand isoelectronic to include inner-shell electrons, 
and refer to the total number of electrons in the molecule. If this 
is accepted, then homoelectronic is suggested as a suitable descrip- 
tion of molecules having the same number of outer-shell electrons. 

3 Gitus, R. G., anp P. F. Netson, J. Cuem. Epvuc., 31, 546 
(1954). 
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all structure is independent of the atoms involved, 
although differences in electronegativity, etc., lead to 
differences in physical properties and reactivity. 
Topics which may be discussed here include the dipole 
moment of CO (and of NO+ and CN- if they had in- 
dependent existence) whereas N2 has no dipole; the 
relative acidity of C,H, and HCN; and the acidity and 
conditions for existence of NO*. 

The anomalous radical nature of the 2/12 molecules 
Oz, SO, and 8, is brought out by representing them 
as 


:X—Y: 


rather than XY, and the comparison with strictly 
singly-bonded 2/14 molecules Cle, OCI-, ete., is equally 
instructive. 

A very important class is the 3/16 molecule shown in 
Table 1.4. It may be written as XYZ or X—Y=/ 
or resonance hybrids of these valence bond structures 


TABLE 1 
Typical Isolectronic Molecules 


Examples 


NN, CO 
CN 
CC 


OCO, OCS, SCS, NNO, CICN, 
BrCN, ICN, CiHgCl 

NCO, NCS, NCSe, CNO, NNN, 

ClAgCl, 1AuCl’ 


AsH, 
CH Hy, SiH 
BH,, 


PCh, P. 

CF, OsO, 
MnQ,, C 

P Ors, AsO, 


— 


* The tables are based on the structural data of WELLs, A. F, 
“Structural Inorganic Chemistry,” 2nd ed., Clarendon ress, 
Oxford, 1950, and Sipewick, N. V., “The Chemical Elements and 
Their Compounds,” Oxford University Press, London, 1950, 
where the leading original references are given. 
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with appropriate formal charges. It may also be repre- ketene H2CCO and allene HxCCCHhp, in both of which 
. the skeleton is linear. 

The tetrahedral nature of saturated carbon is always 

stressed in organic chemistry; less often that of four- 

i yaa: covalent nitrogen. However, all 5/8 molecules of the 

These molecules are all linear, and have two extended x type AH, are tetrahedral including those shown in 


sented 


orbitals with mutually perpendicular nodal planes, each Table 1 and the corresponding deuterium compounds. 
containing four electrons. The over-all picture is there- The same tetrahedral structure is found in organic 
fore similar to an elongated nitrogen molecule. molecules of the 5/32 class of which carbon tetra- 

The number of electrons in triatomic molecules is chloride is a familiar example. However, many metallic 

critical for linearity. The resonance system cannot and nonmetallic elements other than carbon may occupy 
accommodate more than four electrons in each z orbital, the central position in AB, molecules of this class and 
and as a result molecules with 17 and more electrons are they, too, are all tetrahedral. 
angular. As the number of electrons increases, the Some of these ions are colored and some are colorless. 
angle becomes more acute up to the 3/22 class where The reason is that to obtain all 32 electrons it is neces- 
there is a sharp reversion to linearity. Within the limit sary in some cases to use electrons from inner orbitals of 
of experimental error of the few measurements recorded, the central atom, and the color is directly due to the 
involved, fgg the angle depends only on the number of electrons and is vacant orbitals remaining. For example, in perchlorate 
, lead to qm independent of the particular atoms® as shown in Table ion ClO,~, seven electrons are provided by the chlorine, 
pactivity M2 which has the valence arrangement 3s*3p*; there are 
he dipole no vacant inner orbitals and the ion is colorless. On the 
y had in- other hand, in permanganate ion MnO,~, manganese 
ole; the E TABLE with a valence arrangement 3d°4s? must leave five 
idity and Angularity of Triatomic Molecules vacant 3d orbitals in providing seven electrons, and the 
Mean apex Typical ion is colored. Manganate ion MnQO,~~ has a different 
molecules angle examples color from permanganate since only six electrons are 
ing them 180° NO;* ete. (Table 1) provided by manganese and there are only four vacant 
Os, inner orbitals. Colorless sulfate and colored chromate 
116° marry, provide another example. 
103° CLO A few 5/32 molecules are planar, notably PtCl,—~, 
180° BrICI-, I,- PdCl,—~, AuCl.— and AuBr,~. These may be used as 
strictly an entry to a detailed discussion of square planar com- 
's equally plex cyanides and of octahedral molecules. 

Triatomic molecules containing less than 16 valence An extreme case so far as molecular size is concerned 
shown in [iM clectrons may still be linear, e.g., CO.* — is boron nitride (BN):z. This has infinite planar sheets 
K—Y=/ constructed of fused 6-rings which have alternate boron 
tructures -O-_C—O: and nitrogen atoms and six electrons per ring (two from 

0 or each nitrogen). The result is a molecule with all the 
in which a lone pair electron has been removed from COz essential characteristics of graphite. The manner of 
without destroying the resonance of the x bond system. stacking the sheets is the only structural differences be- 

One would expect silicon dioxide OSiO to appear tween the two. In the same way borazole B;N3H, is 

among the 3/16 molecules because it is closely related to closely related to benzene.” 

carbon dioxide. In fact, monomeric silica does not exist In the teaching of heterocyclic organic chemistry, 
since the simple two-electron bond gives the lowest it is common to emphasize that replacement of CH by N 
energy state. To avoid misleading students, even un- in aromatic structures does not alter the inherent 
wittingly, silica should be represented (SiO.): rather stability due to resonance. Pyridine and benzene are 
than SiO2. This makes it clear why all of Kippings’ at- usually compared first. However, they are not isoelec- 
tempts to prepare monomeric compounds of the type tronic molecules by the definition used here. Rather 
4:Si—O led to polymeric products containing only we should compare pyridinium ion, (I), with benzene, 
single bonds. From these our present day “silicones” (II), since both are AsHs molecules of the 12/30 class. 
were evolved. The value of this approach is that it suggests an inquiry 

Molecules of the type AB; in the 4/24 class all have into the possible existence, stability, and properties of 

a plane triangular structure; these include CO;—~ and the boron analogue, (IIT). 
NO;-. On the other hand sulfite ion SO;--, a 4/26 
molecule, is not planar but pyramidal. This again \ 
po" t= to the critical influence on structure of the num- 
ber of electrons. 
If we allow a class of isoelectronic molecules to in- H bt 
clude those with additional hydrogen atoms, we may in- (ID) (III) 
‘lude in the 4/24 class the guanidinium ion in 
_— f@ “hich the additional hydrogen atoms provide the neces- The main point of these examples is that the struc- 
us, A. F, Jy electrons to make 24, and do not alter the planar ture of the molecule is determined by the number of 
jon Pres, J “Tangement and axial symmetry of the central CN, atoms and valence electrons, and that the particular 
ments unit. Similarly we may include in the 3/16 class 
lon, 1950, Pease, R.S., Nature, 165, 722 (1950). 


*Wausn, A. D., J. Chem. Soc., 1953, 2266. 7 Stone, F. G. A., Quart. Rev. (London), 9, 174 (1955). 
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atoms affect only the stability or reactivity of the 
molecule. This idea may be presented to beginning 
students as a model, or to advanced undergraduates 
and graduate students as a starting point for a critical 
appraisal of fine structure and reactivity. There are 
many opportunities for the instructor to point out that 
the structure of organic molecules is not unique and 


that carbon is extraordinary only in its ability to fory 
stable long chains, whose inorganic analogue is th 
silicon-oxygen chain. In this way, a rational conne. 
tion can be made between structural organic and jy. 
organic chemistry. 

This paper is published with the permission of th. 
Chief Scientist, Department of Supply, Australia. 


CATION ANALYSIS BY ION EXCHANGE FOR 
THE COURSE IN QUALITATIVE ANALYSIS 


Tus application of ion exchange methods to difficult 
separations, such as those involved in obtaining the 
rare earths in pure form or in the isolation and dis- 
covery of the transuranium elements, is well known. 
It seemed to us highly desirable that beginning stu- 
dents, particularly chemistry majors and science ma- 
jors in general, should be introduced to this modern 
technique. 

Because of the opportunity for emphasizing chemical 
equilibrium afforded by precipitation by hydrogen sul- 
fide and the wide variety of calculations that may be 
made by the student, good pedagogy would seem to dic- 
tate the retention in its present form of much of the cat- 
ion analysis in Group II (copper-tin group) in the usual 
scheme of qualitative analysis. We have, therefore, 
attempted to adapt ion exchange methods of separation 
to Group III (zine, iron, manganese, cobalt, nickel, 
aluminum, chromium). The development of the 
methods to be described was carried out as a research 
problem by the two junior authors. The procedures 
have been used successfully by four classes in qualita- 
tive analysis (numbering about 20, 20, and 20 students 
in a sophomore course and 120 in our advanced first year 
course). Both students and instructors have enthusi- 
astically welcomed the introduction of ion exchange 
separations and have been highly pleased with the re- 
sults. 

Two different separations by use of an anion exchange 
resin have been developed. The first depends on the 
relative stabilities of the complex chloro-anions formed 
by the cations of Group III and is an adaptation with a 
different resin of procedures suggested by Kraus and 
Moore.!' When a 12 N HC! solution of the cations of 
Group III is passed through a column of Amberlite 
IRA-400 (chloride form), Nit?, Mnt?, Crt’, 
appear in the eluate whereas ZnCl—*, CoClh—? and 


' Kraus, K. A., and G. E. Moors, J. Am. Chem. Soc., 75, 
1460 (1953). 
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FeCl,s—* are retained on the column. On subsequent 
elution with 0.5 N HCl Co+? and Fet* are removed 
When this is followed with 0.005 N HCl eluent, Zn*?js 
removed. 

The same anion resin may be used to separate aluni- 
num and chromium in basic solution, CrO,—? being re 
tained very strongly and AlO2~ not retained. 


PROCEDURES FOR CATION GROUP III 


Only the actual separation procedures? will be given 
It is assumed that teachers may wish to apply thei 
usual separation methods and specific cation tests, « 
indicated in the block outline of the analysis procedures 
to the respective eluates: 


Crt3, Nit?, Mnt2; B—Co*?, and C—Zn* 


The ion exchange column, supported vertically in: 
clamp, is prepared from a 6'/2 inch dropping pipet (/ 
mm. outside diameter) or its equivalent. The con- 
stricted end is loosely plugged with a little glass wool 
A 2-in. piece of rubber tubing with a pinch clamp ani 
a 2-in. long nozzle or glass tip are attached. The sy+ 
tem is filled with distilled water, making sure all air i: 
removed. To fill the column with resin a clean piece «i 
nichrome wire, straight or with a small loop at the end. 
is dipped into a small amount of the resin.* Some 
resin will adhere to the wire. The wire and adhering 
resin are dipped into the water in the column. The 
resin falls off the wire and drops to the bottom of the 
column. This procedure is repeated until the colum 
is filled with resin to within one inch of the top, water 
being let out at the bottom as necessary. The liquid 


? Students are given mimeographed directions which fit thee 
ion exchange separations into the procedures of the semimic” 
qualitative analysis text used. A copy of these directions may b* 
obtained on request. : 

3 Amberlite IRA-400 (Cl), obtainable from Fisher Scientific 
Company. 
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Analysis of Group III Cations 


Solution: 


add: NH,Cl, N HOH, NHHS solutions* 


Al*s, Fe+8, Fe*?, Ni+?, Co*?, Mn*#, Zn*?, Mg*?, Ca*?, Sr+?, Bat?, Na+, K+, NH,*+ 


recipitate: Hydroxides and sulfides of Al**, Cr**, Fe*’, Fe+?, Ni*?, 
Co**, Mn**, Zn*? 


4dd: HCl (+HNO; or Br.). Evaporate. Take up in 12 N HCl. 
on anion exchange resin. 


Solution: Mg*?, Cat?, Sr*?, Bat?, Na*, NH,* 
Groups IV and V 


Again evaporate and take up in 12 N HCl. Place solution 


esin: Retains ZnCl,—?, FeCle—*, CoCl,-? 


4dd: 0.5 N HCl as eluent 


win: Retains ZnCl,~* | Solution B: Co*? 
4dd: 0.005 N HCl as eluent Add: NH,OH 


resin: Discard | Solution C: Zn+? | Precipitate: | Solution: 
Test for Zn*? Fe(OH); | Co(NH3;),*? 
| Test for Fe**? | Co(NH;).** 
Test for Co*? 


Solution A: Al*, Cr**, Ni*?, 
Portion: Test for Ni*? 
| Remainder: Add NaOH + Na,0.° 


Precipitate: | Solution: AlO.~, CrO.~? 
| Ni(OH)s, | Portion: Test for CrO,~* 
MnO(OH)2 | Remainder: Add to anion exchange resin 


Test for Mn*? | - 
CrO,~* Solution: AlO.~ 


| Resin: 
| Discard Test for Al** 


« Most textbooks of qualitative analysis use these reagents (or NH,OH + H,S) to separate Group IIT from the following groups. 


» Separation of Fe+*, Mn*?, Ni*?, Co*? by NH,OH or NH,OH + (NH,).CO; is used in many texts. 
¢ These reagents (or NaOH + H,O:) are used for the purpose indicated in most schemes of qualitative analysis. 


level should at all times be kept above the top of the 
resin. When the column is to be replaced, the resin is 
asily removed by removing the rubber tubing and 
glass tip and inverting the column under a stream of 
tap water. If the resin does not gradually flow out of 
the column it may be prodded with the nichrome wire. 
The glass wool is also removed with the wire. After 
the first filling students become quite proficient at pre- 
paring the column. 

Group III cations in a known or unknown solution 
are precipitated in the usual manner as hydroxides and 
sulfides with NH,OH and (NH,).S (or HS or 6 N 
NH,HS) and the precipitate washed twice with dilute 
NH,OH. The precipitate is dissolved in the minimum 
amount of 12 N HCl, heating if necessary to assist in 
the dissolving, and a few drops of bromine water or 6 
N HNO; added to oxidize iron to the +3 valence state. 
The solution is transferred to a casserole, heated al- 
most to dryness and 1 ml. 12 N HCl added.* If a 
precipitate is present, it is stirred, the mixture evapo- 
rated to half volume and while still hot 0.5 ml. 12 N HCl 
added. The procedure following the asterisk (*) is re- 
peated until all the precipitate is in solution. The 
presence of free sulfur does not interfere. This gives 
the Group III cations as chlorides in 12 N HC! solution. 

The solution just prepared is cooled, added to the top 
of the column of Amberlite IRA-400 anion exchange 
resin and followed immediately by 17 ml. 12 N HCl. 
The first ml. of solution coming through the column is 
discarded and the next 6 ml. (Solution A) collected. 
The next 10 ml. are discarded. Solution A contains 
Nit?, Mn+?, Al+® and Cr+? if present and may be 
treated as indicated below. 

The 17 ml. 12 N HCl just used is followed immedi- 
ately with 17 ml. 0.5 N HCl. The first ml. of solution 
coming through the column is discarded and the next 6 
ml. collected (Solution B). The next 10 ml. are dis- 
carded. Solution B contains Cot? and Fet+?, if present 
in the original solution, and may be separated and 
tested for by the usual procedures. 

The 17 ml. of 0.5 N HCl is followed immediately with 
17 ml. 0.005 N HCl. The first ml. of solution coming 
through the column is discarded. The next 6 ml., 
which contains Zn+? if present, is collected (Solution C) 
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and may be tested for Zn** by whatever procedures the 
instructor prefers. 


The resin column is then discarded. 
As previously mentioned, chromium and aluminum 


may also be separated by use of a fresh column of this 
same anion exchange resin. 
of Solution A is tested for Ni**? by the usual dimethyl- 
glyoxime test, the remainder of Solution A is heated 
almost to dryness in a casserole and, after cooling, 1 to 
2 ml. distilled water added. After making the resulting 
solution alkaline with an excess of NaOH solution, a 
small amount of Na,O, is added gradually with stirring. 
When the evolution of oxygen has subsided, the reaction 
mixture is heated to boiling for several minutes to de- 
compose the excess NaeQOr. 
avoided and any liquid that boils away is replaced by 
distilled water. 
tion and precipitate are transferred to a test tube and 
centrifuged. A precipitate, Ni(OH): or MnO(OH), or 
both, is an indication of the possible presence of man- 
ganese and is to be tested for the latter in the usual 
manner. 


After a portion (0.5 ml.) 


Excessive evaporation is 


If a precipitate is formed, the solu- 


To the solution separated from the nickel and/or 


manganese precipitate just obtained is added a small 
amount of Na2O, and the procedure just outlined is re- 
peated. Any additional precipitate (of Ni and/or 


Mn) is discarded. A portion of the solution (0.5 ml.) 
is acidified with acetic acid and tested for CrO,—* with 
lead acetate in the normal manner. If no chromate 
test is obtained, the remainder of the solution may be 
tested for Al+*. If the chromate test is positive, the 
remainder of the solution (about 2 ml.) is placed on a 
fresh column of the Amberlite IRA-400 resin and 
followed with 2 ml. distilled water. The first ml. com- 
ing through the column is discarded and the next 3 ml. 
collected. The CrO,~? ion is retained so strongly on 
the column that it cannot be eluted and tested for. 
If aluminum is present in the original sample to be 
analyzed, AlO,~ ion is in the 3 ml. of eluate collected 
and may be tested for by the aluminon reagent in the 
preferred manner. 

A study of similar procedures to effect a separation of 
Cut? and Cd+?, which gives some trouble, and of the 
cations of the tin subgroup of Group II is planned. 


| 
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THE CHEMICAL CONTRIBUTIONS OF 
WILLIAM ALLEN 


Onxz of Sir Humphry Davy’s most esteemed friends 
was the great Quaker chemist, pharmacist, and philan- 
thropist, William Allen, the son of Job and Margaret 
Allen of Spitalfields, London, who was born on August 
29, 1770 (1). While attending William Alexander’s 
boarding school at Rochester, he showed great interest 
in chemistry and astronomy, and at the age of fourteen 
years he constructed from cardboard and lenses, for a 
total cost of 14 pence, a telescope with which he could 
see Jupiter’s satellites (7, 3). 

After working several years in his father’s business 
of silk manufacture he entered the employ of the 
Quaker pharmacist Joseph Gurney Bevan, proprietor of 
the famous Plough Court Pharmacy on Lombard Street 
which had been established in 1715. Later he carried 
on the business in partnership first with Samuel Mildred, 
then with Luke Howard, from 1806 to 1816 as sole 
proprietor, and subsequently with other partners, de- 
voting more than fifty years to the service of this 
pharmacy (2). 

As a boy of eighteen he expressed in his diary “a 
growing concern...for the abolition of the Slave 
Trade.” Since sugar was one of the chief commodities 
procured by slave labor, he wrote on February 22, 
1789, “I resolve through divine assistance to persevere 
in the disuse of it until the Slave Trade shall be 
abolished.””’ He remained steadfast in this resolution 
and worked unceasingly for abolition with such leaders 
as William Wilberforce and Thomas Clarkson. Finally, 
after more than forty years of strict adherence to his 
resolve, he resumed the use of sugar on the day when 
the slaves of the British West Indies were emancipated. 

In 1793 Allen wrote: “I have attended some of 
Higgins’s lectures,—learnt something of short-hand, and 
the new system of chemistry, and instituted a plan for 
my future studies” (1). In the following year he be- 
came a member of the Chemical Society at Guy’s 
Hospital, where for more than forty years he gave 
lectures on chemistry and natural philosophy to the 
medical students. In 1795 he was elected to member- 
ship in the Physical Society at Guy’s Hospital (of which 
he later became president) and in the same year he 
entered St. Thomas’s Hospital as physician’s pupil. 

After the Askesian Society was formed at Plough 
Court in 1796 to promote scientific inquiry through 
experimentation and discussion, Allen and his friends 
Luke Howard (1772—1864)—the well known meteor- 
ologist whose nomenclature for clouds is still used—and 
William Hasledine Pepys (1775-1856) became very 
active in it. With the latter, Allen performed many 
chemical experiments which are reported in his diary. 
In December, 1798, he wrote: “I am making great 
progress in chemical experiments—fused platina with 
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oxygen on charcoal....”” On January 30, 1799: “V. 
H. Pepys and I froze four ounces of quicksilver with th 
muriate of lime [calcium chloride] and snow.” They 
were among the chemists who tested on themselves the 
physiological effects of the inhalation of nitrous oxic 
gas. Many of the scientific papers presented before th 
Askesian Society were later published in Alexander 
Tilloch’s Philosophical Magazine. 

In 1799 Allen assisted in forming the British Miners). 
ogical Society. His lifelong interest in this subject was 
probably aroused by the instruction he received fron 
Count J.-L. de Bournon (1751-1825). On one occasion 
he descended into the copper mine at Dolcoath, nea 
Redruth, Cornwall, with Thomas Cock and others fron 
Plough Court and wrote a detailed description of it in 
his diary (1). 

Thomas Cock worked out in William Allen’s labor. 
tories a method of making platinum malleable (3). G 
Matthey, in his obituary of the famous British 
platinum refiner Percival Norton Johnson, stated that 
“the real discoverer of the mode of refining and con- 
solidating platinum was not Dr. Wollaston but Mr. 
Thomas Cock, a brother-in-law of Mr. Johnson, a get- 
tleman of considerable private means, and a distin- 
guished though little known amateur chemist ané 
metallurgist. It was in William Allen’s laboratories 
(Plough Court) that he first succeeded in working the 
metal, and it was at William Allen’s special request that 
he showed his experiments to his friend Dr. Wollaston, 
then visiting him. Dr. Wollaston adopted this proces 
for the manufacture of platinum, and to him has gener- 
ally been accorded the credit of having discovered it” 
(9). 

In the meantime Allen’s skill in chemical analysis wa 
in great demand, and Plough Court acquired an w- 
usually fine collection of reagents (3). Professor Mar: 
Auguste Pictet (1752-1825) of Geneva, Switzerland, 
once wrote him: “I had the pleasure,...in a course 0 
lectures upon natural philosophy and chemistry, ‘ 
show and make use of the complete collection of r 
agents you had the goodness to favour me with...” 
At another time Professor Pictet exhibited this “charm- 
ing collection of chemical re-agents, with some othe 
English curiosities, to the National Institute” in 
Switzerland (1). 

Throughout his entire life William Allen was actively 
engaged in the many benevolent projects of the Society 
of Friends. One of these was a soup house for the 
benefit of people impoverished by the Napoleonic wars. 
On May 2, 1801, he wrote: “I introduced myself to 
Count Rumford today and had some conversation with 
him in his own apartment at the Institution, about the 
poor....”’ Years later (1840) Allen visited “the beauti- 
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ul gardens near the city [of Munich, Germany], which 
sre several miles in ‘extent. They were laid out by 
he late Count Rumford” (1). After Allen met Dr. 
dward Jenner in 1802 he was put on a committee for 
stablishing an institution for cowpox inoculation 
yainst smallpox, and in the following year he was 
appointed a member of the board of directors of the 
Royal Jennerian Institution (3). 


Allen attended Humphry Davy’s introductory lecture 
m galvanism at the Royal Institution in 1801 and 
orrectly predicted that “He bids fair to rise high in the 
philosophical world.” Allen, too, soon began to 
lecture on galvanism at Guy’s Hospital, and in 1803 
‘The trough of zinc and copper, made for me by 
avy, acted amazingly well—burnt iron wire, fired 
cunpowder, phosphorus, silver and gold leaf, charcoal 
tc.” In 1804, at Davy’s invitation, Allen began to 
leliver at the Royal Institution the course on natural 
jhilosophy which he had given at Guy’s Hospital. He 
ontinued to lecture there for several seasons and was 
lected to the Board of Managers (3). 

When Allen and Pepys visited Davy at the Royal 
Institution in November, 1807, he showed them his new 
xperiments on the decomposition of potash and soda, 
vhich Allen hailed as “another grand discovery in 
chemistry.” In the following year Allen listened to “a 
paper from Davy on the earths, containing information 
from Berzelius of Stockholm, on the decomposition of 
ammonia by galvanism, showing that it also has metallic 
properties.”’ 

In his diary entry for August 21, 1808, Allen described 
he experiments on John George Children’s great 
battery in which he, together with Children, Davy, and 
Pepys, had fused platinum wire and decomposed 
potash. In July, 1813, a large party of English chem- 
ists, including Allen, Davy, W. H. Wollaston, Smithson 
Tennant, and Charles Hatchett, made further experi- 
ments on this battery and melted iridium (/, 3). 

In 1806 Allen and Pepys began a long series of ex- 
periments on charcoal and respiration. ‘Twelfth 
Month 20th—About twelve o’clock went to Pepys’s 
laboratory, and began our experiments on charcoal 
and respiration—made charcoal from six different kinds 
of wood....”” On February 13, 1807, Allen wrote: “To 
Pepys at eleven o’clock—at work on carbonic acid— 
burnt about four grains more of box-wood charcoal in 
oxygen....”” On February 28th: “Went to Pepys - 
continued our experiment—burnt seven diamonds, 
weighing four grains....’”’ In June, 1807: “The first 
part of our paper on Diamonds was read at the Royal 
Society.” The results of these researches were pub- 
lished in the Transactions of the Royal Society of 
london. Under date of November 13, 1807, Allen 
wrote: “I understood from Davy that the Council of the 
Royal Society would have voted the gold medal for our 
paper on carbonic acid, had only one person been the 
author, but they did not know how to manage it with 
Allen and Pepys were both elected Fellows 
of the Royal Society, and in 1814 Allen was elected 
to the Council of that Society. Hermann Kopp men- 
tioned in his history of chemistry the confirmation of 
Smithson Tennant’s proof of the identity of carbon and 
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William Allen (1770-1843) 


the diamond “by Allen and Pepys in 1807, who ob- 
tained by combustion almost the same quantity of car- 
bon dioxide from graphite, wood charcoal, and dia- 
mond” (4). 

In February, 1811, Allen, Pepys, Sir Joseph Banks, 
and others on the chemistry committee at the Royal 
Institution “examined a person’s scheme for preserving 
fresh meat for the navy. It is put into a tin case, raw, 
filled as full as possible, soldered down, then boiled 
about three quarters of an hour if it weighs 6 lb., or 
shorter or longer time according to its weight. It will 
then keep for months....” (/). After puncturing 
under water a can of veal that had been sealed for two 
months, they analyzed the escaping bubbles and found 
nitrogen and oxygen but no compounds of hydrogen. 
Although the name of the inventor of this process is 
not mentioned in Allen’s diary, it may well have been 
the French chef Appert, whose “L’Art de Conserver 
Pendant Plusieurs Années Toutes les Substances 
Animales et Végétales’’ was published in Paris in 
1810 and in London, in English translation, in 1811 (72). 

When J. J. Berzelius visited England in 1812 he met 
William Allen at a dinner given by Dr. Alexandre 
Marcet. At that time Allen was working on the con- 
struction of a safety lamp for coal mines, a problem 
which was solved so successfully in 1815 by Sir Hum- 
phry Davy (5). In his “Reseanteckningar” (Travel 


_ Notes) (6) Berzelius explained the principle of this 


device, which Allen demonstrated in his presence. On 
November 9, 1815, Allen wrote in his diary: ‘I saw 
Davy, who showed me his lamp for mines; heard his 
paper read on fire-damp; it appears to contain no 
olefiant gas [ethylene]; not exploded by red hot char- 
coal or iron; like mixture of olefiant gas, explodes with 
one part fire-damp and thirteen atmospheric air” (/, 3). 

Berzelius described Allen in 1818 as “a middle-aged 
man of unhealthy appearance. He is a rather famous 
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chemist and carries on an extensive and rather lucrative 
business as druggist.... He is one of the most honor- 
able persons I know. Few years have gone by when 
he has not spent for general wholesome purposes 1,000 
to 5,000 pounds sterling...” (6). In 1820 he sent 
Allen 23 lbs. 4 oz. of the selenium which he had first 
isolated about three years previously (3). After having 
it pulverized, sifted, and mixed to assure uniformity, 
Allen advertised it and placed it on sale at Plough 
Court (3). Allen revised for Berzelius the English 
manuscript of ‘A View of the Progress and Recent State 
of Animal Chemistry”’ (3). 


SCIENTIFIC AND HUMANITARIAN TRAVELS 


In spite of the difficulties of nineteenth-century travel, 
Allen made in behalf of the Society of Friends extensive 
journeys to Germany, Switzerland, Norway, Sweden, 
Finland, Turkey, Greece, the Ionian Islands, Italy, 
France, Spain, Holland, Belgium, and Hungary (1). 
When he was traveling in Finland in 1818 in the interest 
of prison reform, school improvement, and other 
benevolent activities, he visited the large neat apothe- 
cary’s shop of John Julien of Abo and “found him very 
busy preparing to draw fine platina wire for the new 
lamp, without flame, invented by Davy” (1). In the 


following year Allen wrote: “John Julien, of Abo [Abo], 
gave me a specimen of the new alkali, lithia, which he 
made himself; it was first detected in the Petalite, and 
afterwards found more abundantly in the Spodumene; 
both minerals occur in the mine, Uto [Uté], in Sweden, 
in the province of Sudermania”’ (/). 

After visiting the Bible printing house in Stockholm 


in October, 1818, Allen wrote: “We then visited a new 
institution, for the purpose of public lectures on 
anatomy, etc., and I was much pleased to see Professor 
Berzelius’ laboratory, which is large and convenient.” 
This building must have been the now famous Caroline 
Institute. 

In his business letters to American pharmacists 
William Allen usually included news on chemistry, 
education, and humanitarian reforms (7). One of his 
correspondents was the American Quaker chemist 
John Griscom, who procured from Allen some apparatus 
which, in Griscom’s words, “‘he well knew best suited to 
a novice” (8). When Griscom visited England in 1818 
he called on Allen. 

Another of Allen’s chemical friends was Professor 
Thomas Charles Hope. Hope was absent from the city 
when Allen visited Edinburgh in 1814, but when Allen 
revisited the city four years later Hope had the pleasure 
of showing him the well-equipped lecture room, large 
enough to accommodate several hundred students. 
Allen was impressed by the large scale of Hope’s 
apparatus and by the “reservoirs of the different gases, 
which, he says, keep very well in green stoppled 
bottles, with the neck inverted in a little water... (J). 

On his visit to Pyrmont and Herford, Germany, in 
1816, Allen inspected the salt works, where a stream of 
brine flowed over rows of wooden frames constructed 
of branches and twigs on which the water evaporated 
and deposited the salt crystals. In 1819 he ‘was 
gratified with the sight,” near Simferopol in the Crimea, 
of a salt lake that supplied the whole country with 
salt. Inthe same year he saw, at the village of Litachia 
on one of the Ionian Islands, a well of pitch or bitumen 
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said to have been mentioned by Herodotus (10). “Ty, 
bitumen appearing just like tar, rises to within abo 
eight inches of the surface of the water, which is beay 
fully transparent, and is covered with a slight iridescey 
film.... The depth of the bitumen is said to be thy 
feet; in some years it has yielded sixty barrels” (1). 

When Allen was traveling in Turkey in 1819 he visit 
the British ambassador, Sir Robert Liston, at his palsy 
at Constantinople. On July 19 Allen wrote: “I we 
over to Lady Liston, to put her voltaic batteries ; 
order.... I have spent the morning in fresh cementiy 
the cells, etc., and in preparing for some experimen 
tomorrow, when they are to have several of the Foreig 
Ministers to dinner....”” On the next day Allen y; 
“early at Sir Robert Liston’s, when I arranged the thn 
troughs, made hydrogen and oxygen, etc.; and py 
pared for the exhibition this evening.... The trough 
acted admirably, and we burnt charcoal with grey 
splendour, fired gunpowder, and made other exper, 
ments...” (1). 

In 1819, when Allen was touring Russia on behalf ( 
the Society of Friends, he was elected an honorary men 
ber of the Russian Imperial Academy of Sciences (| 
Two years later he received a letter from an Englisi 
medical man in Ekaterinoslav (Dnepropetrovsk) wh 
had just seen, in a visit to the garden of the Crow, 
“a neat monument” bearing the name of William Alle: 
Allen’s gift of difficultly obtainable seeds to a struggliiy 
colony in South Russia was so deeply appreciated tha’ 
an Official act had been passed to allot a piece of groun/ 
in the Crown garden for the erection of this monumer 
to perpetuate his name (1). On one occasion in 182) 
when Allen was asked to analyze some of the spring 
water used by the Emperor Alexander I he acquired 
the necessary reagents at an apothecary shop an( 
found the water pure (1). 

In 1825 Allen helped to establish, at the village ¢ 
Lindfield, Sussex, a school for the children of workin 
people, where they were taught farm work, printing 
handicrafts, reading, writing, and arithmetic on tle 
liberal principles of the British and Foreign Schod 
Society, and where he often lectured on chemistry 
natural philosophy, and astronomy (/, 3). 

On September 6, 1836, Allen wrote: “At the Dublli 
Society’s Rooms, I met with Edmund Davy, Sir I 
Davy’s cousin, who showed us the place. He ha 
discovered a new carburetted hydrogen gas, which take 
fire when put to chlorine” (1). Edmund Davy (1789 
1857), professor of chemistry in Dublin, had prepare 
this gas, acetylene, in 1836 by distilling a mixture ( 
tartar (crude potassium acid tartrate) and carbon ani 
treating the residue with water (11). The residue cot- 
tained potassium carbide that had been formed during 
the heating. 

In the fall of 1840 Allen wrote, during a trip 
Munich, “After visiting an excellent institution {0 
orphans, and making some other calls, we went to thi 
establishment of the successor of Frauenhoffer [Josep! 
Fraunhofer, 1787-1826], who showed us their larg 
object glasses. We looked through one telescope ani 
read small print distinctly, at a distance of five hundrel 
feet, a card being fastened upon a wall as a mark” (/). 

In 1841 William Allen, then almost seventy-one yea!’ 
of age, was elected as the first president of the recent!) 
organized Pharmaceutical Society of Great Britall 


JOURNAL OF CHEMICAL EDUCATION 


2, 3 
Frien 
mear 
the 2 
prilli 


mceVel 
and | 
LITE 
(I) 
(2) | 
(3) 
| 
L 
IE 
Frie 
islan 
ship 
chen 
scho 
chen 
: 
Gay: 
J 
t 
stay 
mat 
stud 
pape 
sear 
conc 
T 
but 
Stuc 
peri 
labo 
tend 
= 
OL 


10). “Thy 
ithin aboy 
is beau 
iridescey 
to be thn 
ls’”’ (1). 

9 he visit 
t his palay 
Wen 
atteries jj 


9,3). After serving as a minister for the Society of 
Friends for about twenty-five years he died at his home 
near Lindfield, Sussex, on December 30, 1843, at 
the age of seventy-three years (1). The business that 
egan at Plough Court, where he served so long and 
prilliantly, was incorporated in 1893 as Allen & Han- 
burys Limited, a firm which now maintains branches in 
several countries. For the portrait used in this article 
and for helpful literature the author is deeply grateful 
to the directors of this firm. 
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Liesic’s closest friend and eminent collaborator, 
Friedrich Wohler, once wrote: “Like that enchanted 
isand with the lodestone rock, which attracted all 
ships from afar and held them fast, Giessen acted on all 
chemists.” The “magic isle Giessen’ was the unique 
school which Liebig, barely 21, had set up to train 
chemists, where he could be to all of his students what 
Gay-Lussac had been to him individually during his 
stayin Paris.' Into this laboratory he poured all of his 
material and mental resources. The young men who 
studied there took away far more than could be put on 


a trip (MM paper; they learned from and at the side of a great re- 
tution fof search artist how chemical investigations ought to be 
ent to the conducted. 

er [Joseph There had been teaching laboratories before Liebig, 
heir larg’ but his pedagogical approach in chemistry was new. 
scope andi Students from many countries came to him during the 
e hundred period 1825-52. He began with two students, but the 
rk’ (1). J#laboratory was soon overflowing and had to be ex- 
-one yea tended. In time, the beginners were supervised by his 
e recently assistants and had to progress through a series of labo- 
‘See J. Cuzm. Epuc., 4, 1461 (1927). 
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(Translated and Annotated by Ralph E. Oesper, 
University of Cincinnati) 


ratory exercises. The use of the balance and the usual 
apparatus had to be learned in order that unknowns 
could be analyzed. ‘Acquaintance with the com- 
position of the compounds enables the chemist to solve 
chemical problems, which were held to be insolvable 
only a few years ago,” declared Liebig. 

Largely due to his school, organic chemistry became a 
giant among the branches of chemistry. ‘When it 
becomes possible to find a bright spot in the murky 
area of organic Nature, which seems to us like one of 
the portals through which we perhaps can hit upon the 
true path for understanding and studying this region, 


_we always feel that we have reason to congratulate 


ourselves,” wrote Liebig and Wohler. 

In discussing his advanced special students, Liebig 
tells in his autobiographical notes,? “Like the radii of a 
circle, they all had their common center. There was 
no manual of directions in the usual sense. Each 
morning I heard from each what he had done the day 
before, and his views about what he intended to do. 


? Published at Giessen, 1926; see also GEORGE von LIEBIG, 
Ber., 23, Ref. 817 (1890). 
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map out his own path. By living together, and from 
he constant traffic with each other . . . each learned 
We worked from the start of the day 
In Giessen there were no distractions 
and recreations. ... The memories of their stay in 
tiessen awaken, so I still hear, among most of my 
students a pleasant feeling of satisfaction of a time well 

"sir William Ramsay in writing of his training in the 
laboratory of William Thomson (later Lord Kelvin) 
gives a later example of a great teacher who likewise 
made his students actual collaborators. 


We had little systematic teaching, but were at once launched 
into the knowledge that there is an unknown region where much 
is to be discovered; and we were made to feel that we might help 
to fathom its depths. Although this method is not without its 
disadvantages, for systematic instruction is of much value— 
there is much to be said for it. On the one hand, too long a course 
of experimenting on old and well-known lines . . . is likely to imbue 
the young student with the idea that all physics consists of learn- 
ing to use apparatus and in repeating measurements which have 
already been made. On the other hand, too early attempts to 
investigate the unknown are likely to prove fruitless for want of 
manipulative skill and also for want of knowledge of what has 
already been done. The best of all possible training, however, is 
to serve as hands for a fertile brain—the brain of one who knows 
what he wishes to discover, who is familiar with all that has been 
attempted, and who gradually trains the assistant to take part 
in the thinking as well as in the manipulation. If at the same 
time the student is made to read not merely concerning the prob- 
lem on which he is immediately engaged but on all branches of 
his subject, nothing can be better than such stimulating inter- 
course with an inventive teacher for those who have the ability 
to profit by it.* 


This may be described as the policy behind Ramsay’s 
own system of teaching. 

To emphasize the effect of Liebig’s “enchanted is- 
land” on the succeeding academic generations, an ef- 
fect that is continuing still, the Deutsches Museum in 
Munich has worked up a family tree of scientists de- 
scended from the Liebig school, and it is exhibited in the 
“Liebig Laboratory.”* The branches of the tree lead 
via intermediate limbs to many Nobel Prize winners. 
Liebig and some of his scholastic descendants represent 
the roots of the tree. A copy of this genealogical ex- 
hibit is shown here. 

One mighty branch proceeds from August Kekulé 
(1829-96). He came to Giessen in 1847 as studiosus 
architecturae, attended Liebig’s lectures, and was so 
fascinated that he decided to change his course. (It has 
been suggested that his architectural leanings were 
reflected in his hexagonal representation of benzene, 
which indeed has something of the drawing board at- 
mosphere.) To him, Liebig gave the warning, “If 
you wish to become a chemist, be prepared to ruin your 
health; whoever does not ruin his health by studying 
will amount to nothing in chemistry these days.” 


NOBEL PRIZE WINNERS 


The first Nobel award was made in 1901; the re- 
cipient was J. H. van’t Hoff, who had doubtless been 
deeply influenced in the development of his mature 
work by his contact with Kekulé’s ideas at Bonn where 
he spent several semesters. Another of Kekulé’s 


“A Life of Sir William Ramsay,” 


* Travers, Morris W. 
Arnold, London, 1956, p. 10. 
*See J. Cuem. Epuc., 34, 283 (1957). 
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students was Adolf von Baeyer, who received the 
award in 1905. He in turn has thus far had no less 
than 16 Nobel Prize men among his chemical and bio- 
chemical descendants. Among them are Willstitter, 
his successor at Munich, who received the award in 
1915, and his own student, Richard Kuhn (1938). 
Others are Ehrlich (1908), Landsteiner (1930), and 
Miiller (1948) who were honored for their work in 
chemotherapy, blood groups, and contact poisons 
(DDT), respectively. Wieland (1927) and Buchner 
(1907) received the award for work that was primarily 
biochemical. The great Emil Fischer (1902), likewise 
a Baeyer son, though he did outstanding work in pure 
chemistry was the first to be honored for biochemical 
accomplishments with his studies on sugars and pro- 
teins. His branch of the Nobel tree includes Windaus 
(1928), Warburg (1931), Diels and Alder (1950) who 
were teacher and student, and also. the biochemists 
Krebs and Lipmann who shared the prize in 1953. 

Hans Fischer (1930) who unraveled the blood pig- 
ment chemistry and, surprisingly, Otto Hahn (1944) 
whose work on nuclear fission is the basis of the ap- 
plication of atomic energy, were in the Kekulé line. 
Among the numerous physical chemists, many issue 
from Wilhelm Ostwald (1909) who as a Balt had 
studied under Liebig’s student Carl Schmidt. This 
line includes: Arrhenius (1903) of electrolytic dis- 
sociation fame, T. W. Richards (1914), the first Ameri- 
can chemist to be honored in this way, the gifted ther- 
modynamicist Nernst (1920), his student I. Langmuir 
(1932), and W. Giauque (1949) and G. Seaborg (1951) 
who, like their teacher G. N. Lewis, made California 
famous as a scientific center. Cthers on this branch 
are the biochemist von Euler (1929), and F. Bergius, 
renowned for his hydrogenation of coal. 

Liebig’s biographer, Jakob Volhard,’ was the teacher 
of D. Vorlander, who was the academic forefather of 
three Nobel laureates, namely Staudinger (1953), the 
great man in macromolecular chemistry which is the 
foundation of plastics and modern synthetic materials 
in this category, and his students, the great organic 
investigators Ruzicka (1939) and his student Reich- 
stein (1951). The latter two were honored prior to 
their ancester. 

In all, the list to date numbers 34 Nobel Prize men 
who are lineal academic descendants of Liebig. It is 
interesting to review the history of chemistry and to 
speculate who might have been chosen if the Nobel 
awards had been started say in 1850. In that event, 
the number of L’ebig descendants would certainly 
have been much greater, a fact that merely emphasizes 
once more the length of the shadow of this pre-eminent 
chemist and teacher. One is tempted to quote Portia’s 
statement, “How far that little candle throws his 
beams,” but to those who know the brilliance of Lie- 
big’s torch the comparison would be ludicrous. Far 
better to quote scripture: “By their fruits ye shall 
know them.’’ 


5 VoLHARD, J., “Justus von Liebig,’’ two vols., Leipzig, 1909. 

6 For short biographies of the Nobel laureates, together with 
brief statements of their prize-winning work and its significance, 
see the three volumes published by Henry Schumann, New York, 
1953: ‘‘Nobel Prize Winners in Chemistry (1901-1950)’’ by 
Epvarp FarBeEr; ‘Nobel Prize Winners in Physics ( 1901-1950)” 
by N. H. de V. Heatucotre; “Nobel Prize Winners in Medicine 
and Physiology (1901-1950)’’ by L. G. Stevenson.. 
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An Analysis Group in an Industrial Research Organization’ 


INFRARED SPECTROPHOTOMETRY’ 


Iw An industrial research organization, the problems 
submitted to the infrared group parallel the develop- 
ment of a chemist’s idea into a commercial product. 
Thus, while a product is in the scouting or laboratory 
stage, the infrared group is called on by the research 
chemist to provide qualitative and quantitative in- 
formation on starting materials, intermediates, and 
products. At this stage correlations between spectra 
and structures must be made with the aid of previously 
obtained basic information on known compounds, 
e.g., nitriles and olefins (1, 2). These data are used to 
characterize the nature and mechanism of the new 
reaction and to determine optimum reaction conditions. 
Should a given reaction be taken to semiworks scale, 
information gained in the previous stage is used by the 
infrared group to develop and conduct routine analyses, 
the results of which guide the engineers in process de- 
sign. It is also at this stage that the infrared group is 
called upon to contribute spectroscopic information for 
use in the design of automatic process control equip- 
ment. 


SPECIAL SAMPLING TECHNIQUES 


Sampling for infrared often presents the greatest 
challenge in obtaining adequate analytical data. While 
normal mixtures of gases and liquids present little 
difficulty in this respect, those which have very low 
concentrations of the sought-for component or those 
which require very high precision do require special 
techniques. One of these is “compensation,” that is, 
the use of a pure or synthetic sample as a reference in 
a double-beam spectrophotometer to accentuate differ- 
ences between it and the unknown (3). 

The technique has been applied to polymer systems 
for the determination of trace components. One of 
the experimental obstacles encountered in this applica- 
tion was that of obtaining samples which were ade- 
quately matched in thickness to permit use of the com- 
pensation technique. To eliminate the time-consuming 
trial and error pressing of films, an exact thickness 
match was obtained by pressing the reference film of 


1 For previous papers in this Symposium see J. Comm. Epvc., 
35, 2 (1958). 

? Presented as part of the Symposium on An Analysis Group in 
an Industrial Research Organization before the Divisions of 
Chemical Education and Analytical Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, Sep- 
tember, 1956. 


D. R. JOHNSON and R. E. mene 


E. I. du Pont de Nemours & Co., 
Polychemicals Department, 


matrix material between nonparallel plates to obtain 
a film in the form of a shallow wedge. This wedge was 
thicker than the sample film at one end and thinner 
at the other. The spectrophotometer was set to record 
the transmission of the sample at an absorption peak 
contributed by the matrix only, and the wedge was 
moved parallel to its thickness gradient in the refer. 
ence beam until the spectrophotometer duplicated 3 
“blank” or “full compensation” reading. Maintain- 
ing the respective positions of sample film and reference 
wedge in the instrument, the analytical region was 
scanned with truly effective compensation. Trace 
components appeared as discrete bands, free of visible 
matrix absorption. In this way we were able to 
determine additives and contaminants directly on 
samples that would otherwise require time-consuming 
extraction and concentration. 

In order to determine very low concentrations of 
gases in transparent media, multiple-reflection cells 
with very long paths are employed. A 10-meter cell 
can be used to identify contaminants in air to the level 
of less than one part per million. The value of such 
sensitivity in the study of air pollution is well known. 
It is also useful in laboratory studies on volatile de- 
gradation products. Illustrative of this is the case in 
which a chemist found it necessary to identify and deter- 
mine the volatile products from a polymer at elevated 
temperatures. Conventional trapping methods were 
not applicable because of the transient nature of some 
of the suspected products. A stream of gas which was 
first passed over the heated material was passed through 
a 10-meter cell. Infrared monitoring of this stream not 
only detected the volatile products at the parts-per- 
million level, but also identified them, detected their 
temperature of appearance, and permitted determina- 
tion of their rates of formation. 

Samples received as solids present the most challeng- 
ing problem for the infrared group. In the case of 
polymeric materials, samples can often be pressed or 
cast into transparent films suitable for infrared examina- 
tion, but sometimes it is necessary to cut such films 
from massive sections with a microtome. When the 
samples cannot be obtained as films, they must be 
finely divided and examined in oil mulls or in potassium 
bromide wafers. The latter technique may be used to 
study samples in the microgram range. Such samples 
are deposited from a solvent onto the surface of 3 to 
5 mg. of finely ground potassium bromide. The salt 
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,cts as a carrier for the sample, and, when pressed into 
, wafer, provides a transparent matrix for its examina- 
ion by infrared micro techniques. This sampling 
procedure has been applied to water-soluble com- 
ounds isolated on paper chromatograms (Fig. 1). 
he spot is cut from the chromatogram and the sample 
; eluted with a solution of potassium bromide. The 
olution of KBr and sample is then freeze-dried and 
the finely divided mixture remaining is compressed to 
ive a small wafer which is suitable for scanning with 
nicrosampling equipment. Dramatic illustration of 
the sensitivity of the method is the fact that only 
metal or polyethylene apparatus may be used in han- 
jling the aqueous solutions, since at equilibrium con- 
entration the borosilicate glass in one milliliter of 
vater is sufficient to obscure completely the useful por- 
ion of the spectrum. 

The infrared “microscope” (microsampling appara- 
us) is useful in studying inhomogeneities in finished 
products. One such case involved finding the source 
of small white particles which appeared in a commercial 
plastic material. Infrared spectra of these inhomo- 
weneities indicated the presence of a polysiloxane struc- 
ture. This evidence unerringly pointed to a piece of 
plant equipment coated with a silicone resin as the 
source of the particles. In so doing the technique ac- 
quired a reputation as an “industrial sleuth” in solving 
production problems. 


STUDIES OF CHEMICAL STRUCTURE OF POLYMERS 


In its role in long-range research, the analytical infra- 
red group is concerned with the determination of the 
chemical and physical structures of materials. In this 
laboratory these materials are primarily polymers which 
must be considered in terms of both bulk and incidental 
structure. The bulk structure stems from the normal 
reaction of the monomers and may be regarded ana- 
lytically as the major component or components of the 
system. The incidental chemical structure arises 
from such sources as side reactions, impurities in 
monomer, catalyst residues, and oxidation. These 
incidental structures may be considered analytically 
as trace impurities. However, their effect on polymer 
properties is often far greater than their small con- 
centration would suggest. 

To illustrate the concept of bulk structure, let us 
consider a polymer of the type: 


Ez 


(A) and (B) represent the chain repeat units and E; and 
E, represent chain ends. In an ideal homopolymer only 
a single repeat unit exists, i.e., (A) = (B). However, 
in many polymers different units are present because 
of deliberate attempts to form a copolymer or because 
agiven monomer can react in more than one way. In 
a homopolymer of (A), (B) might represent actual or 
potential cross link sites. In infrared studies of bulk 
chemical structure, the object is to determine the nature 
of (A), (B), ete., to determine the relative magnitudes 
of m,n, ... and, perhaps, to determine the distribution 
of the units (A) and (B) in the polymer chain. This 
distribution of the repeat units distinguishes between 
true copolymers, block copolymers, and mixed polymers. 

The infrared studies of butadiene polymerizations 
are an interesting example of the determination of a 
bulk polymer structure. A butadiene molecule can 
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Figure 1. Preparation of an Infrared Scan from a Paper Chromatogram 
Spot 


react in three ways even if head-to-tail additions are 
ignored. The three modes of addition are: 1,4 cis, 
1,4 trans and 1,2 (Fig. 2). Each type of addition yields 
a different double-bond type with at least one char- 
acteristic absorption as indicated below the structures. 
Thus it has been shown that for 1,4-addition, a band 
appears at 13.8 microns or 10.3 microns according to 
the relative amounts of cis and trans configurations. A 
band appears at 11.0 microns, the intensity of which 
is proportional to the concentration of chain units 
resulting from 1,2-addition. By treating the polymer 
as a three-component mixture, the fraction of the mono- 
mer present in each of the three different forms can be 
calculated. This method has been applied satisfactorily 


‘Cec 
= 
1,4- cis 1,4-trons 1,2 
(13.8) (10.3) (H.Op) 


Figure 2. Butadiene Polymerization, Resultant Forms 


in studies of butadiene polymerization by several 
investigators (4,5). Further studies of this same poly- 
mer include the determination of crosslinking by meas- 
uring the decrease in the absorption due to vinyl un- 
saturation during curing processes. The infrared 
method for the butadiene analysis has been extended 
to include its copolymer with styrene by using a band 
at 14.3 microns as a measure of the styrene included in 
the copolymer. 

Minor modifications of chemical structure of a poly- 
mer may be thought of as incidental structures. Their 
characterization and determination by infrared tech- 
niques are important contributions to both fundamental 
and practical knowledge of polymer structures. The 
work on polyethylene, summarized in the table, serves 
as a practical illustration of this type of study. 
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the concentration of carbonyl groups is of the order | 
per 10,000 carbon atoms. 

Chain branching is indicated in the polyethylene 
spectrum by the bands due to methyl groups. That 
the number of methyl groups is too great to be ac. 
counted for by two ends per molecule was first pointed J aM0"F 
out by Fox and Martin (7) on the basis of their studies J the b¢ 
of the C-—H stretching absorption. Later studies re. The 
vealed that bands at 7.25 and 11.18 microns were also line ! 
present because of chain branches. The methy] (ter. J copist 
minal group) concentration is computed from the ab. 
sorption at 7.25 microns corrected for background ab- J some 
sorption by comparison with polymethylene, an un- 
branched material (8). freque 

A further application of infrared spectroscopy is the HM As 2 | 
determination of molecular weight by measuring end- JM that 
group concentrations. This requires an end group with § figura 


Information About the Structure of Polyethylene 
Obtained by I Techniques 


(A) Bulk structure 
(—CH:—CH:—)» 


(B) Incidental structure 
Unsaturation 
—CH—CH, (vinyl) 
—CH—CH—(cis and trans) 
(vinylidene) 
Oxidation products 


‘C=O (ketone, aldehyde, acid) 


(hydroperoxide) 
Chain branching 


may 3 


a strong, specific absorption, since the concentration of 


In the spectrum of polyethylene (Fig. 3) these func- ends is very low in high molecular weight polymers. coupl: 
tional groups are, for the most part, readily apparent. Therefore, it is applicable only when the end groups are i unqu 
Unsaturation is indicated by a band near 6.08 microns. strong absorbers, such as hydroxyls, esters, acids, or _ 


Determination of type and quantity of unsaturated 
linkages may be made from the bands due to trans 
olefin, vinyl, and vinylidene groups near 10.37, 11.0, and 
11.25 microns, respectively. Concentrations of these 
olefinic groups in commercial polyethylenes are in the 
range of zero to one group per thousand carbon atoms. 

A variable intensity band near 5.8 microns in the 
polyethylene spectrum indicates the presence of car- 
bonyl groups. Rugg, Smith, and Bacon (6) investigated 
the polyethylene carbonyl bands quite thoroughly at 
high resolution and demonstrated that the normal 5.81 
micron band is due to ketonic carbonyl. In the spectra 
of heavily oxidized samples, a complex series of bands 
were found in the 5.8 micron region. From the posi- 
tions of their maxima, the most intense absorptions 
were assigned to aldehyde, acid, and ketone carbonyl 
groups. The sensitivity of these determinations is 
indicated by the fact that in virgin, commercial polymer 


CH, CH, 


characteristic olefins, and when these group absorptions 
are not masked by absorption of the bulk polymer struc- 
ture or impurities. 


STUDIES OF PHYSICAL STRUCTURE OF POLYMERS 


In addition to information concerning chemical struc- 
ture, the spectrum of a polymer may reveal information 
concerning its physical structure. Although the latter 
field is not as well explored as the former, it is receiving 
increased attention. 

Studies of molecular orientation have been made using 
plane polarized infared radiation. Samples are 
oriented by drawing or by rolling, and the intensity of a 
given band is measured as a function of the angle 
between the plane of the electric vector of the radiation 
and the direction of draw. 

Crystallinity, another aspect of physical structure, 
can be studied through changes in infrared spectra. 


c=C 
TRANS VINYL VINYLIDENE 


l L 


6 7 8 
Figure 3. Infrared Absorption Spectrum of Polyethylene 
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A great many polymers have regular extra-molecular 
structures, and samples of these can be prepared which 


have wide ranges of crystalline content. For spectral 
purposes, a semicrystalline polymer can be considered 
gs a two-component mixture; that is, a mixture of 
amorphous and crystalline regions with no regard for 
the boundaries between. 

The differences between the amorphous and crystal- 
line regions can be summarized from the spectros- 
copist’s viewpoint in the following manner: In the 
amorphous regions many configurations or rotational 
isomers are present. Each configuration is, in a spec- 
troscopic sense, a new molecule with somewhat different 
frequencies and certainly with different selection rules. 
As a consequence, bands may appear in the spectrum 
that are due only to vibrations of the amorphous con- 
figuration. Bands peculiar to the crystalline regions 
may also appear in the spectrum through intermolecular 
coupling in the crystal or because of the existence of 
unique configurations in the crystalline regions. 

The use of crystalline and amorphous bands in the 
study of polymers is illustrated in the work of Stark- 
weather and Moynihan on nylons (9). In this work 
a band at 10.7 microns was used as a measure of the 
crystalline content of 66-nylon. The band at 88 
microns was used as a measure of the amorphous con- 
tent. By plotting the intensities of these absorption 
bands versus the specimen’s density and extrapolating 
the straight lines obtained to zero absorbance, one may 
easily determine the densities of the pure crystalline 
and amorphous materials. Density of the crystalline 
polymer may then be used with X-ray data, often to 
select the true unit cell structure from among two or 
more possible ones. 

A further application of these bands to polymer char- 
acterization was made by plotting the absorbance per 
unit thickness of one against that of the other for 
identical samples (Fig. 4). Since these two bands are, 
respectively, linear measures of the crystalline and 
amorphous contents of the samples, the intercepts of 
the straight line plot may be taken as the absorptivity 
values for the pure materials. A simple superposition 
of a percentage composition scale then provides a 
truly absolute measure of crystallinity in the polymer. 

By following the changes in the intensity of crystal- 
line or amorphous bands as a function of time, useful 
crystallization rate data can be obtained. Cobbs and 
Burton (10) studied crystallization rates for polyethyl- 
eneterephthalate by melting a thin film and dropping 
it quickly into a thermostatted oven which was placed 
in the sample beam of a spectrophotometer. The 
change in intensity of a crystalline band was followed as 
a function of time by recording the absorbance of the 
sample with the spectrophotometer set at the wave 
length of the band center. This technique permitted 
investigation of a wide range of temperatures and 
crystallization rates. 

For polymers with regular structures, the methods of 
group theory can be applied to the study of their spectra 
inmuch the same way as they are used in the study of 
the spectra of simple molecules. From changes in 
density, X-ray patterns, and the spectrum itself, one 
tan extrapolate to obtain the spectrum of the com- 
pletely crystalline material. This spectrum can then 
be treated by the mathematical methods reported by 
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Figure 4. Determination of Crystalline Content of 66-Nylon 


Winston and Halford (/1), Hornig (12), and others. In 
this way the number of active vibrations and the 
orientation of their transition moments can be pre- 
dicted for a given model. From this information, in 
turn, choices can be made between various models pro- 
posed for a polymer’s structure. Two principles in the 
theory of crystalline spectra reduce the complexity of 
calculation enormously and demonstrate the power of 
the method. First, for an infinite crystal, only those 
vibrations can be active in which corresponding atoms 
in the different unit cells move in the same way. This 
reduces the number of vibrations to be considered for 
a polymer with N atoms in the unit cell to at most 3N-3. 
Second, the symmetry of the unit cell further reduces 
the number of active vibrations and these can be ex- 
pressed in terms of a small number of symmetry opera- 
tions. By means of such methods one can, for example, 
understand the spectrum of crystalline polymethylene 
quite thoroughly, even without recourse to a study of 
simple model compounds. 


LITERATURE CITED 


(1) Krrson, R. E., Anal. Chem., 25, 1470 (1953). 
(2) Krrson, R. E., anp N. E. Grirrita, Anal. Chem., 24, 334 


(1952). 

(3) Hammer, C. F., anp H. R. Rog, Anal. Chem., 25, 668 
(1953). 

(4) Hart, E. J., anp A. W. Meyer, J. Am. Chem. Soc., 71, 
1980 (1949). 


(5) Hampton, R. R., Anal. Chem., 21, 923 (1949). 
(6) Ruag, F. M., J. J. Smrrn, anp R. C. Bacon, J. Polymer Sci., 
13, 535 (1954). 


’ (7) Fox, J. J., anp A. E. Martin, Proc. Roy. Soc. London, 


A175, 208 (1940). 
(8) Bryant, W. M. D., ann R. C. Voter, J. Am. Chem. Soc., 
75, 6113 (1983). 
(9) StaRKWEATHER, H. W., anp R. E. Moyninan, J. Polymer 
Sci., 22, 363 (1956). 
(10) Cosss, W. H., Jr., anp R. L. Burton, J. Polymer Sci., 10, 
275 (1953). 
(11) Winston, H., anp R. S. Hatrorp, J. Chem. Phys., 17, 607 
(1949). 
(12) Hornie, D. F., J. Chem. Phys., 16, 1063 (1948). 


X-RAY DIFFRACTION’ 


ly REcENT years X-ray diffraction has become an 
increasingly important technique for qualitative and 
quantitative analyses as well as for fundamental stud- 
ies of the properties and structures of polymers. The 
nondestructive nature of the technique makes it par- 
ticularly valuable because one frequently needs to ob- 
tain a large amount of information about a relatively 
small sample of material. 

The unique feature of X-ray diffraction as a tech- 
nique for qualitative analysis is that components are 
identified as specific compounds. It has been used in 
this laboratory to identify a wide variety of inorganic 
and organic compounds. 

It might appear that the technique is not generally 
applicable to organic analysis because of the necessity 
of working with crystalline compounds. However, 
when organic compounds cannot be identified directly 
(if they are liquids, for example) it is frequently possible 
to convert them to crystalline derivatives which have 
characteristic patterns. Many of the classical deriva- 
tives can be used for X-ray identification, and stand- 
ard patterns of a number of derivatives have been pub- 
lished (1-7). Standard samples have been prepared, 
and the X-ray patterns of a large number of organic 
compounds have been obtained in this laboratory. 
Among the applications which have been made of the 
technique to organic analysis are identification of 
dibasic acids directly, identification of aldehydes and 
ketones as 2,4-dinitrophenylhydrazones, fatty acids as 
p-bromoanilides, and amines as picrate derivatives. 

Recent studies on two binary derivative systems, 
acetic and propionic p-bromoanilides and acet- and 
propion- 2,4-dinitrophenylhydrazones were made in 
this laboratory (8). These studies indicated that X-ray 
techniques could be used satisfactorily for semiquan- 
titative estimation of composition as well as for identifi- 
cation of the derivatives. 


QUANTITATIVE ANALYSIS 


Although X-ray diffraction has received primary em- 
phasis as a tool for qualitative analysis, it is readily 
adaptable to quantitative applications because the 
intensities of the diffraction peaks of a given com- 
pound in a mixture are proportional to the fraction of 
the material in the mixture. In practice the method 
does not work quite as smoothly as this statement 
would seem to indicate. Direct comparison of the 
intensity of a diffraction peak in the pattern obtained 
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from a mixture with the intensity of the same peak in 
the pattern of the pure material does not give the most 
reliable analysis. It is frequently necessary to make 
corrections for the differences in absorption coef- 
ficients between the compound being determined and 
the matrix. Considerable effort must sometimes be 
exerted to prevent the establishment of preferred orien- 
tation which may seriously distort the intensity ratios, 

A method was recently developed for determining 
the graphite content in blends of graphite and Teflon’ 
tetrafluoroethylene resin. The integrated intensities 
of the graphite crystalline peak and the crystalline 
peak and amorphous halo of Teflon were measured. 
A correction was applied to eliminate the effect of the 
varying crystallinity of the Teflon in different samples. 
At the 10% level, the graphite could be determined 
with a precision of about +0.5% absolute. 

Probably an ultimate in quantitative analysis by X- 
ray diffraction was reported a few years ago by Black 
(9). An elegant arrangement permitted the simu 
taneous determination of six mineral components in 
bauxite at the rate of eighty samples a day with a pre- 
cision and accuracy which compared favorably with 
chemical measurements. Notably, the various com- 
ponents were individually distinguishable in the mix- 
ture. 

Frequently, when complex mixtures are analyzed, a 
separation of some sort must be effected before the 
individual components can be adequately identified. 
Very often separations can be made on the basis of 
different colors or textures of the components. - In other 
cases good separations can be made by a flotation 
method which takes advantage of density differences 
among the various compounds. 


COMBINATION WITH OTHER TECHNIQUES 


X-ray diffraction frequently can be combined with 
other techniques to provide a simple solution to a 
relatively complex problem. For example, a con- 
venient method was devised for determining bery’- 
lium in a complex beryllium organic compound. The 
compound was wet ashed using sulfuric acid, and the 
ash was identified as BeSO, by X-ray diffraction. 

In some instances, other techniques are of great value 
in differentiating compounds for which the diffraction 
patterns are quite similar. This situation occurs rela- 
tively frequently in inorganic systems. A notable ex- 
ample is the case of FeO, CoO and CuO which have 
virtually identical ‘‘d” spacings although the intensities 
of the spacings are different. Emission spectrography 
is the most valuable technique for identifying metallic 
constituents, and it is used routinely in these labora- 
tories to complement the X-ray results, particularly 
when complex mixtures are being analyzed. 
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One of the principal values of X-ray diffraction for 
jualitative analysis is the ability to analyze very small 
amples. Our laboratory was asked to identify a 
minute flake-like contaminant in a polymer sample. 
he particle, which was about 1 mm. long and 0.2 mm. 
hick, was excised from the polymer with the help of a 
pinocular microscope. The tiny fragment was then 
tuck on a short length of wire, and an X-ray pattern 
vas obtained using a powder camera. Two crystalline 
mponents, TiO2 (rutile) and anhydrous CaSO, were 
readily identified from the diffraction pattern. Addi- 
ional evidence obtained with the infrared “micro- 
ope” led to the conclusion that the particle was a 
paint fragment. 


POLYMER STRUCTURE STUDIES 


The use of X-ray diffraction to determine the con- 
figuration of molecules is its most familiar application. 
Application of the techniques to studies of high polymer 
jolecules presents some unique problems because of 
he extreme difficulty of preparing large single crystals 
{ polymers. The low symmetry of polymer mole- 
ules (structures simpler than orthorhombic are non- 
existent) makes direct interpretation of the nonoriented 
powder pattern virtually impossible. However, if a 
highly oriented crystalline fiber can be prepared, a 


Figure 1. Fiber Diagram of Polyethylene 


great deal of information can be obtained from the fiber 
diagram. Figure 1 shows a fiber diagram of poly- 
ethylene. The center row of spots in the pattern is 
called the equator and the horizontal rows parallel to 
the equator are called layer lines. In general, polymer 
fiber patterns show a larger number of layer lines than 
the polyethylene pattern. The equator spots arise by 
diffraction from lattice planes which are parallel to the 
fiber axis. The layer line spots arise by diffraction 
from planes which intersect the fiber axis. 

The easiest information obtained from the fiber 
pattern is the repeat distance along the polymer chain. 
This value is calculated from the distances of the layer 
lines from the equator and their separation from one 
another. In the simplest cases, the repeat distance 
will correspond to that of a fully extended chain of the 
known chemical constitution. In the case of polyethyl- 
ene, for example, the repeat distance is 2.54 A., which 
rg repeat of a fully extended planar zigzag carbon 


On the other hand, polytetrafluoroethylene, which 
might be expected to have a structure similar to poly- 
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ethylene, has a repeat distance of 19.5 A., correspond- 
ing to 15 CF, units. This strongly suggests that each 
CF, group is twisted slightly out of the plane, forming a 
helix which requires 15 CF, groups to make a complete 
turn. Some information can be deduced, even if 
tentatively, on the basis of the repeat distance alone. 

The next step in the structural analysis is the deriva- 
tion of the unit cell dimensions, and finally, by con- 
sideration of the relative intensities of the reflections, 
the position of all the atoms in the unit cell. Complete 
analyses are tedious and time-consuming, and in only a 
few cases have polymer structures actually been worked 
out completely (10). In general, in this laboratory, 
only unit cell dimensions are calculated. This, how- 
ever, does permit calculation of the number of monomer 
units in the unit cell and the theoretical crystalline 
density. 

In the past few years electron diffraction has been 
recognized as a valuable supplement to X-ray diffrac- 
tion in the determination of structures. Russian 
investigators, particularly Pinsker (//), have done the 
majority of the-work in this field. Electron diffraction 
has several advantages over the X-ray method. Very 
small crystals can be examined. The extremely short 
wave length of the electron beam produces a great 
many more spacings in the electron diffraction pattern 
than are normally observed in X-ray patterns. This 
makes indexing the unit cell considerably simpler. On 
the other hand, complete analysis of electron diffraction 
patterns with respect to intensity is still in a primitive 
state. Electron diffraction results will undoubtedly 
be used to an increasing extent in polymer structure 
studies. 


FUNDAMENTAL POLYMER PROPERTIES 


In addition to the structural and analytical applica- 
tions, X-ray diffraction is of value in studying funda- 
mental polymer properties, such as crystallinity, 
crystallite size, orientation, phase changes and melting 
points. 

The extent of crystallinity is one of the most impor- 
tant variables of plastics and one that has considerable 
bearing on physical properties. In most polymers 
which crystallize at all, the crystalline regions are small, 
and one molecule may pass through several crystallites 
and their neighboring amorphous regions. In general, 
higher crystallinity increases stiffness, but decreases 
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Figure 3. Amorphous Content of Teflon Tetrafluoro- 
ethylene Resin 


toughness, so that an optimum value of crystallinity 
will give the proper balance of physical properties 
for given applications. As a consequence one of the 
first questions asked about a new polymer is “Is it 
crystalline?” 

Qualitatively, the extent of crystallinity can be 
estimated from the number and sharpness of the dif- 
fraction maxima. Totally amorphous polymers such 
as polymethy! methacrylate and polyvinyl acetate have 
X-ray patterns which show only broad diffuse halos, 
typical of the noncrystalline material. Typical pat- 
terns of a few crystalline polymers are shown in Figure 
2. These patterns were obtained using a Geiger coun- 
ter diffractometer. In all these patterns there are 
crystalline diffraction peaks superimposed on the amor- 
phous halos. It is obvious that these are partially 
crystalline polymers and also apparent that the poly- 
ethylene and polytetrafluoroethylene are more crystal- 
line than the nylon and polyethylene terephthalate. 

Quantitative information on crystallinity often is 
necessary. If the polymer has a pattern like Teflon 
tetrafluoroethylene resin or polyethylene, with the 
amorphous halo resolved from the crystalline peaks, 
it is comparatively simple to determine the crystal- 
linity quantitatively. Figure 3 illustrates the method 
developed in this laboratory for determining the crystal- 
linity of Teflon. The areas under the crystalline peak 


and amorphous halo are measured with a polar pla- 


nimeter, and the weight percentage of amorphous mate- 
rial is calculated as shown. The factor of 1.8 cor- 
rects the intensities for polarization, diffraction angle, 
temperature effects, and density. 

In general, it has been noted that specific volume is a 
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Figure 4. Teflon Tetrafl thyl Resin: Specific Volume vs. 
Amorphous Content 
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Figure 5. Fiber Diagrams of Teflon Tetrafluoroeth- 
ylene Resin 


A, 14°C; B, 25°C. 


linear function of crystallinity for polymers. Figure 
shows the specific volumes of a group of samples of 
Teflon plotted against the amorphous contents as meas 
ured by the X-ray method. The value of the crystal- 
line density obtained by extrapolating the line to ( 
amorphous content is 2.30 + 0.01 g./ce. This is in 
excellent agreement with the crystalline density oi 
2.306 + 0.004 g./ec. determined by infrared studies 
Once this linear relationship has been established 
for a polymer, a density measurement can be used to 
give a measure of the crystallinity of that polymer. 
The recent development of density-gradient tubes pro- 
vides a rapid and precise method for determining the 
density (12) and, consequently, the crystallinity of a 
polymer sample. 

Some polymers undergo fundamental changes in 
crystalline structure which may have profound ¢- 
fects on physical properties. X-ray methods are pal- 
ticularly well adapted to studies of these phase changes. 
Figure 5 shows the X-ray patterns of Teflon taken at 
14°C. and at room temperature. The transition be- 
tween these two forms takes place at about 20°C. 
and is accompanied by about a 1% volume change. 
Below 20° the pattern indicates a highly ordered helical 
structure, which is probably triclinic, and has a repeat 
distance corresponding to 13 CF: groups. Above 20°, 
some of the order along the chain is lost, as indicated 
by the comparative fuzziness of the layer lines. The 
cell is hexagonal-shaped, with a repeat distance of 19.5 

.. corresponding to 15 CF: groups. Studies of this 
transition and the structures of the two forms are still in 
progress in our laboratories (13). 
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High temperature X-ray techniques have been 
applied to studies of polymer melting behavior, and to 
the determination of crystallinity as a function of 
temperature. The melting point is determined by 
observing the temperature of disappearance of the 
crystalline diffraction peaks. Crystallinity can be 
determined at temperatures below the melting point. 
Typical data for a sample of Alathon® 10, a polyethy!l- 
ene with 2.2 CH; groups per 100 carbon atoms and a 
linear polyethylene are shown in Figure 6. The obvious 
difference is the excellent retention of crystallinity of 
the linear polymer at temperatures up to 100°C. 
It is this property which accounts for the greater stiff- 
ness of linear polyethylene and permits its use in high 
temperature applications for which the branched 
polymer is unsuited. The melting point of the linear 
polymer is much higher than that of Alathon 10, as 
one would expect. 

The examples given here illustrate the versatility of 
X-ray diffraction in solving analytical problems as 
well as in supplying fundamental knowledge of the 
structure and properties of polymers. 
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Tae two preceding papers in this series presented 
applications of infrared spectrometry and X-ray dif- 
fractometry. This paper is concerned with other 
instrumental techniques which are used extensively 
by the analysis group. Work dealing with physical 
measurements also is discussed briefly. 
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SPECTROPHOTOMETRIC METHODS 


The principal research, development, and service 
work performed in this area is associated with molecular 
structure studies, quantitative determination of low 
levels of contaminants and additives in a great variety 
of materials, qualitative identifications, and detection 
of unsuspected and often undesired functional groups 
in polymers and their intermediates. These latter 
may occur as the result of process conditions or because 
of degradation phenomena. 

Determinations of traces of aromatic compounds 
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such as those used as polymer additives, initiators, 
stabilizers, and antioxidants, are usually made by 
methods based on ultraviolet absorption. In many 
cases, a spectrum recorded directly from a pressed 
film of the polymer is employed for analyses. Extrac- 
tion with organic solvents followed by concentration is 
often needed where levels are very low or where the 
polymer itself absorbs radiation at the wave length 
used for the analysis. 

Conventional colorimetric analyses, many of which 
depend on complexes formed with either organic 
or inorganic reagents, are performed on many com- 
pounds and ionic species. Analyses by this technique 
are important, particularly where low concentrations 
are involved or where only small amounts of sample are 
available. In order to reduce analysis time, efforts 
are often directed toward methods which will permit 
simultaneous determination of the components of 
interest in a single solution. As an example, a quanti- 
tative method was worked out by Kitson (/) for cobalt, 
copper, and iron employing complexes developed in 
the thiocyanate-acetone system. Spectrophotometric 
measurements at three analytical wave lengths, 380, 
480, and 625 millimicrons, are converted into quantita- 
tive results. This relatively simple, rapid procedure 
is used for analyses of a wide variety of samples con- 
taining 50 micrograms or more of cobalt and/or copper 
and more than 5 micrograms of iron. The method 
gives results with accuracy and precision of + 10%. 

The Komarowsky reaction provides a convenient 
means for the colorimetric determination of certain 
glycols, alcohols, and carbonyl compounds (2). Color 
developed from reaction with p-hydroxybenzaldehyde 
in sulfuric acid solution is measured spectrophoto- 
metrically. The procedure has been used for determin- 
ing small amounts of 1,2-propylene glycol in ethylene 
glycol and aldehydes in the presence of organic acids. 
Also, cyclohexanol and cyclohexanone can bedetermined 
simultaneously from measurements at 535 and 625 
millimicrons. Only the reaction product of cyclo- 
hexanol absorbs at the latter wave length. 

An indirect colorimetric method is used for de- 
termining parts per million levels and less of hydro- 
quinone in methyl methacrylate. In this procedure, 
some of the ferric iron, which is added to the sample, 
is reduced by the hydroquinone. The ferrous ion 
concentration, which is then determined colorimetrically 
with 1,10-phenanthroline, is equivalent to the hydro- 
quinone originally present in the sample. 

Turbidimetric procedures using a spectrophotometer 
for the analytical measurement are employed for low 
levels of sulfur and bromine, chlorine and iodine in 
organic compounds. Barium and silver ions are used 
as the precipitating agents for the sulfate and halogen 
ions, respectively. With proper sample degradation 
and careful control of the turbidity producing steps, 
great sensitivity and reasonably good precision and 
accuracy are obtained. In the case of halogens, the 
spectrophotometric measurement is made within five 
minutes after the silver nitrate is added, while with 
sulfate determinations a waiting period of thirty 
minutes was found to be advantageous. Temperature 
control other than having the solutions at room tem- 
perature was not found to be important. Applica- 
tions include the determination of traces of halogen- or 


sulfur-containing impurities in starting materials or in 
reaction products including polymers. 
Sample preparation methods play an important part 


in absorptimetric analyses. Frequently, interferences 
are removed by prior treatment employing techniques 
such as extraction, chromatography, ion exchange, and 
electrodeposition. Complexing agents are used ex. 
tensively. Trace levels of inorganic residues in poly- 
mer and other organic samples are determined quaitti- 
tatively by colorimetric and turbidimetric methods 
after the organic material has been burned off. The 
Parr oxygen bomb is commonly used to prevent loss of 
volatile compounds that would occur during ashing 
and frequently to eliminate the need for lengthy 
digestions. 

Demand for ultramicro colorimetric procedures have 
led to the development of a long path, low total volume 
microabsorption cell (Figure 1) of improved design 


WIN 
STAINLESS BODY OF STAINLESS STEEL GASKET 
STEEL CAP TEFLON JACKET 


QUARTZ WINDOW 
Figure 1. Microabsorption Cell 


that can be easily filled and positioned in a spectro- 
photometer (3). This cell is a modification of one 
made of Teflon® by Kirk, Rosenfels, and Hanahan (4). 
The stainless steel jacket and caps provide rigidity and 
permit tightening to seal the windows against the 
plastic inner body without distorting the critical align- 
ment. The diameter of the sample-containing cavity 
is about four millimeters and the path length is seven 
centimeters. Photometric measurements can be made 
on solutions having a volume of one milliliter or less. 
Together with sensitive organic analytical reagents 
and scaled down operations, quantitative analyses are 
made on samples containing as little as 20 millimicro- 
grams of iron and 50 millimicrograms of copper. 

Fluorimetry is a useful analytical tool in determina- 
tions of, for example, alkyl ammonium salts in organic 
liquids. The intensity of the fluorescence produced 
upon the addition of eosin provides the basis of one 
very sensitive method of this type. 


MASS SPECTROMETRY 


The mass spectrometer plays a very important part 
in qualitative and quantitative analyses of a wide 
range of hydrocarbons and fluorocarbons, and of oxygen- 
(5), nitrogen-, and sulfur-containing compounds. Both 
gases and liquids are analyzed readily by this tech- 
nique; many complex mixtures are completely charac- 
terized. The latter may require utilization of a set of 
simultaneous equations and possibly a computer (6). 

Mass spectrometry is another method for which 
only very small amounts of sample are required. With 
liquids a small fraction of a milliliter is usually needed, 
and for gases samples of a milliliter (STP) and even 
smaller are handled easily. A modification that is 
employed in our laboratories involves sealing off the 
ballast volume of the instrument’s inlet system, which 
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normally is sufficiently large to maintain a nearly con- 
stant pressure during the mass peak scanning. With 
the inlet system thereby reduced to a small fraction of 
its original volume, quantitative analyses can be ob- 
tained on gaseous samples where as little as one or two 
microliters (STP) are available. However, the drop 
in pressure during the mass peak scanning and the 
occurrence of fractionation at the orifice at these low 
pressures make it necessary to use compensating cor- 
rections based on the diffusion equation and the molec- 
ular weights of the gases in the sample. 

Separation methods are often used on samples in 
order to concentrate a component of a mixture that is 
of special interest or to separate components that make 
solving of the mass spectral patterns unduly difficult. 
One technique involves the use of a high vacuum sys- 
tem and: manipulations such as selective freezing out 
and transferring of gases by an automatic Toepler 
pump to a calibrated gas buret where it can be with- 
drawn into the mass spectrometer sample tube. This 
novel arrangement is shown in Figure 2. Gas chro- 
matographic separations also are used with great 
success. The materials corresponding to observed 
peaks are condensed and then introduced into the 
mass spectrometer for analysis. 

A gas mixing manifold, shown in Figure 3, is em- 
ployed for preparing known mixtures of gas ; for cali- 
bration purposes and for checking the accuracy of mass 
spectrometer analyses where mutual interferences are 
possible. The partial pressures of the successively 
added components are measured with the manometer. 
The paddle of Teflon tetraflucroethylene resin is 
rotated in a manner similar to that used in a magnetic 
stirrer. It serves to circulate the gases through the 


system to insure complete mixing before the sample is 
withdrawn. 
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Figure 2. Gas Separation Apparatus 
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Figure 3. Ges Mixing Manifold 


The mass spectrometer is often used for the charac- 
terization of products from the vacuum pyrolysis of 
polymers. The compositions of these pyrolysates are 
more or less characteristics for given pyrolysis condi- 
tions of each polymeric material (7). For example, 
polymethyl methacrylate pyrolysate is essentially all 
monomer. Studies are made of the mechanism of the 
decomposition of polymers and of the behavior of 
plastic materials under processing conditions where, 
for example, too high a temperature might be em- 
ployed. 


EMISSION SPECTROSCOPY 


The emission spectrograph plays a major role be- 
cause of the speed with which analyses can be per- 
formed, because of the usually good sensitivity, and be- 
cause only a small amount of sample is normally re- 
quired. Most polymeric materials, unless highly 
plasticized, can be examined by arcing directly without 
prior ashing. Most spectrographic analyses are per- 
formed on a semiquantitative basis (8); that is, the 
elements are reported in percentage ranges which 
represent the order of magnitude of the concentration 
by weight by visual comparison with a collection of 
standard plates. 

Quantitative spectrographic 
techniques, once worked out, 
provide comparatively rapid 
and reasonably accurate an- 
alyses for trace impurities in 
inorganic systems. This quan- 
titative technique is very 
useful for determining low 
levels of metallic elements 
such as copper, iron, nickel, 
and barium in cobalt oxide (9). 

The flame photometer makes 
a natural laboratory partner 
for the emission spectrograph 
since it often can be used for 
reasonably accurate quantita- 
tive analytical results after the 
spectrograph has established 
the presence of metallic ions. 
Analyses can be performed 
with great speed and exhibit 
extreme sensitivity in many 
cases, in particular for the 
alkali metals. 
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X-ray emission spectrography enables us to perform, 
among other analyses, nondestructive determinations 
of trace metal impurities and residues in polymeric 
materials. 


MICROSCOPY 


Electron Microscopy. Data obtained on samples 
from electron micrographs with their great magnifica- 
tion and resolution have provided the groundwork for 
the solution of difficult research problems. A good 
example of such a program is the study of the state of 
dispersion of fillers in plastics such as carbon black in 
polyethylene. Either the resin is dissolved and 
separated from the insoluble filler or ultrathin sections 
are examined directly in the microscope. Other 
studies have included examination of the nature of 
dispersion particles formed during an emulsion poly- 
merization. 

Recent research has disclosed the nature of crystals 
of linear polyethylene recovered by crystallization 
from very dilute solutions (10). Stacked layers of thin 
plates about 100 A. in thickness resulted from poly- 
ethylene of molecular weight = 150,000 crystallized 
from xylene. The crystalline nature of these struc- 
tures was verified by electron diffraction techniques. 
Single crystals were found on crystallization of a frac- 
tion of molecular weight = 850. These crystals grew 
by a dislocation mechanism evidenced by the clearly 
defined screw dislocation visible in electron micro- 
graphs. 

Visible Microscopy. Work in the field of visible 
microscopy includes phase contrast studies, chemical 
microscopy, and examination of specimens by reflected, 
A microscope with 


transmitted, and polarized light. 
a hot stage is employed for making melting-point 
determinations and for studies of crystallization 


phenomena and phase transitions. Photomicrographs 
are taken for studies of filler distribution in polymers, 
determination of particle sizes, and for examining the 
surface characteristics of polymers. Visible micro- 
scopy is employed in identication of organic compounds 
via derivatives. This technique was applied by 
Mitchell and Ryland (17) for semiquantitative analyses 
of binary mixtures of the p-bromoanilides of acetic 
and propionic acids and the 2,4-dinitrophenylhydra- 
zones of acet- and propionaldehyde. 


OTHER INSTRUMENTAL METHODS 


Nuclear magnetic resonance spectroscopy is important 
in two general scientific areas. High resolution 
NMR has taken its place with infrared and ultraviolet 
spectroscopy as a means of identifying and determining 
molecular structures. In many instances information 
on molecular arrangements that is not obtainable by 
other means is provided relatively quickly. Broad 
line NMR studies yielded information on the extra- 
molecular structure such as the crystalline-amorphous 
ratio of polymeric materials. 

Raman spectroscopy has proved very useful in molec- 
ular structure determinations of organic compounds, 
often in conjunction with infrared techniques. In- 
formation is obtained, for example, on the nature of 
geometric isomers of olefins and position isomers in 
aromatic compounds. Raman techniques are particu- 
larly valuable for compounds where critical vibrational 


frequencies are inactive in the infrared and where 
overtones in the infrared interfere with primary «b- 
sorptions. Aqueous solutions are more readily analyzed 
by Raman spectroscopy. 

Magnetic susceptibility data have been employed iy 
studies of metallo-organic complexes. Para magn:tic 
resonance spectroscopy is used for the examination of 
materials containing free radicals. 


COMBINED ATTACK ON PROBLEMS 


Many instrumental techniques and the accompany- 
ing know-how of the staff are often brought to bear on 
difficult problems that must be solved quickly and which 
do not lend themselves to solution by a single tech- 
nique. One example of a tough analytical undertaking 
solved by cooperative effort involved identification of 
an undesired, faint white streak in an article of Lucite’ 
acrylic resin molded by a customer. The white streak 
represented only a small fraction by weight of the 
molded piece, but it was sufficient to cause a strange 
and undesirable appearance. Emission spectrographic 
analyses of a selected portion of the article and of a 
clear piece for a control indicated that the streak was 
not due to inorganic material. Streaked and clear 
sections were selected and separately heated under 
controlled conditions until depolymerization was com- 
plete. The condensed pyrolysis off-gases were analyzed 
by mass spectrometry and ultraviolet spectroscopy. 
A low intensity mass peak characteristic of styrene 
was observed in the pattern of the condensate from the 
material with the white streak. This evidence indi- 
cated that possibly a trace amount of polystyrene had 
inadvertently been mixed with the Lucite prior to 
molding. The ultraviolet examination served to con- 
firm these results, inasmuch as absorptions attribut- 
able to styrene were noticed, although another ultra- 
violet absorber present curtailed the sensitivity of 
detection. Neither method alone could give an 
answer without considerable doubt, but the multiple 
instrument attack provided a sound solution. The 
mass spectrometer, in effect, gave information on the 
molecular weight of the material not common to the 
two condensates, while the ultraviolet examination 
provided information about its structural makeup. 


PHYSICAL MEASUREMENTS 


Another important phase of the work of our analysis 
group deals with physical measurements. Physical 
constants are important not only as reference informa- 
tion but often are used for qualitative determinations, 
checks on the purity of starting materials, and rapid 
methods for determining the composition of binary 
mixtures. Data from these measurements are ire- 
quently used in conjunction with information from 
instrumental or chemical analyses. Also, physical 
measurements provide quick survey or pilot analyses. 
For example, the failure of a material to exhibit an 
expected value for a physical constant will signal the 
need for further analysis in order to establish the source 
of contamination. 

Typical of the variety of physical measurements are 
refractive index, viscosity (including solution viscosity), 
density, boiling points, melting points, freezing points, 
vapor pressure, heats of combustion, solubility, 
equilibrium constants, surface area, and optical rota- 
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tion. Many of these 
measurements are made 
on the micro as well as 
macro scale. 

Molecular weight de- 
terminations are made by 
several methods which 
involve a colligative prop- 
erty. These measure- 
ments are of frequent in- 
terest and are necessary 
for materials that range 
in molecular weight from 
below one hundred to pe 
those encountered in CALIBRATED FLOAT 
polymeric substances. 
Cryoscopy, ebulliometry 
(12, 13) osmometry and 
isopiestic methods are of 
particular value when 
polymers are the subject 
of study. 

The determination of densities of polymer specimens 
is of particular interest. Besides the familiar displace- 
ment methods, the density gradient tube is used with a 
high degree of success (/4). In this technique a 
vertical liquid column with a continuous density gra- 
dient is employed. The gradient is established by 
partially mixing layers of liquids of different densities 
which have been carefully added to the column (Figure 
4). Desired density ranges are obtained by selecting 
appropriate liquid combinations. For example, for 
the density range of 0.79 to 1.00 g./ml. a column can 
be prepared from methanol and water. Liquids 
selected, of course, must not swell or dissolve the 
samples and must be inert chemically. Glass floats of 
known density are placed in the column and are used 
to calibrate the gradient in terms of position versus 
density. A polymer sample placed in the top of the 
column sinks to an equilibrium position where the 
liquid density is exactly equal to its own. Gradient 


|_ WATER JACKET 


LIQUID WITH 
DENSITY GRADIENT 


Figure 4. Density Gradient Tube 


columns prepared in this manner are stable for months 
although periodic recalibration of density versus float 
position is advisable. For best results, constant 
temperature water (+0.1°C.) is circulated through 
the water jacket. Sample densities may be determined 
with an accuracy of better than 0.1%. Glass floats 
are available from Scientific Glass Apparatus Company, 
Bloomfield, New Jersey. Satisfactory floats can be 
prepared quickly and easily from Pyrex tubing by 
sealing both ends of short lengths (15-20 mm.) with a 
fine tipped oxygen-gas torch. Excessive accumulation 
of glass at the seal is avoided. Different sizes of 
tubing give floats in various density ranges. For 
example, regular ten-millimeter Pyrex tubing will result 
in floats in the 0.89 to 1.03 range. Floats are cali- 
brated by the usual displacement method for densities. 
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CONTINUOUS ANALYSIS' 


Coxrinvous analysis adopts many of the instrumen- 
tal techniques which have been developed to a high 
degree in laboratory use and applies them to character- 
istic measurements on flowing samples in chemical 
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processes. It is becoming possible in an increasing 
number of cases to attach a continuous analyzer to a 
sampling line and thereafter obtain automatically a 
reading which is proportional to the instantaneous con- 
centration of a particular component in the flowing 
stream. The analyzer then may follow changes in con- 
centration with a minimum of attention and may set off 
an alarm or start control mechanisms at predetermined 
conditions in the stream. 


87 


| MAIN | 
[PROCESS STREAM 
SAMPLING 
SYSTEM 


| 


SAMPLE 
PREPARATION 


MEASURE MENT 


PUMPS OR FLOW GONTROL; PRESSURE, 
TEMPERATURE ADJUSTMENT 


REACTION 
FILTRATION 


ENERGY SOURCE 
SAMPLE CHAMBER 
DETECTOR 


METER OR 


INDICATION RECORDER 


Figure l. Feat of Conti Analysis 


A complete instrument for such an analysis possesses 
the following general features in a unit or group of 
associated units (Figure 1): 

Sampling System. Equipment is available for taking 
a sample at a controlled rate from the main process 
stream or other sources of material. The flow within 
the analyzer may be intermittent because of the re- 
quirements of the measurement. 

Sample Preparation. Where necessary, provision is 
made for preparing the initial sample for analysis by 
further operations such as addition of reagents. The 
latter may remove an interference or generate a color 
or another new property required for the subsequent 
measurement. This operation may in some cases be 
as simple as a filtration to remove particles which 
would clog the instrument. 

Measurement. The actual measurement is made by 
a suitable detector or transducer which is preferably 
very rapid in response. 

Indication. The results of the analysis are indicated 
in terms of the concentration of the desired component 
in the sample, usually by a chart recorder or other 
device which monitors the signal from the measuring 
device. 

The purpose of this paper is to discuss such instru- 
ments for industrial research, to indicate their general 
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features and advantages as well as specific applications, are: 


and to predict likely directions for future developments, Sp 
HISTORICAL oper 
The potential for continuous analysis appeared with ri 
the development of devices for detecting rapidly lapse 
changing physical properties of gases. Resistance analy 
cells for thermal conductivity measurements were J dic. 
actually employed in a practical manner as early as Ef 
World War I, to detect hydrogen in air in dirigibles (1). sorta 
The durability of this technique is indicated by the Hine y 
persistent wide use of modern thermal conductivity J j.co: 
cells on binary gas mixtures, using simple d.-c. measuring proce 
circuits. analy 
More complex devices for continuous analysis were Qu 
slow to appear since many syntheses were based on MM ihat 
batch processes. Practical instruments were eventually 
built for plant use in continuous measurements for non- chang 
selective properties such as pH, density, viscosity, and J ihe 
combustibility. These parameters characterize many samp 
simple processes quite well and give more useful infor- samp 
mation about the system than pressure and temperature time 
alone. 
In order to meet the needs of the newer continuous, chan; 
more complex processes developed during World War & 1, o 
II and the succeeding decade, more specific and J ajow 
selective analytical instruments had to be built. @ og, 
There now exist an increasing variety of continuous Pr 
analyzers employing elegant techniques, such as analy 
ultraviolet, visible and infrared spectroscopy, and mass I tect; 
spectrometry (2). Unique specificity has been achieved I ¢n9] 
in certain special cases, such as the Pauling analyzer J joyjc 
which depends on the paramagnetism of oxygen (3). whic] 
Elaborate sampling systems also have been devised a} 
where necessary in order to achieve specificity. Ih Th 
one striking case, based on the batch method of Pick- probl 
hardt, Oemler, and Mitchell (4), a complete miniature J tho f. 
chemical plant was developed by Kieselbach (5). 10 Hf than 
order to detect stream pollution by organic matter, « Hah 
sample of waste from chemical processes is taken for I agit 
analysis at a constant flow rate and is filtered (Figure 2). Bi jo ; 
Barium hydroxide reagent is added to precipitate HM iis . 
carbonates, and another filtration is made. Wet Sin 
combustion reagent is then 
alii, added, and the organic ma- JM the ; 
CONDUC TIVITY terials are oxidized. The re Hi ¢ g) 
ANALYZER : ’ 
sulting carbon dioxide is 
| stripped out of the liquid and J cour 
measured by thermal con: 
ductivity. Such an analyzer Fo 
emphasizes the progress which fi * hig 
has been made in sampling J Const 
procedures since the _ initial This 
uses of thermal conductivity ll 
in measurements on ambient fm %d 
air. The 
More and more instruments 
for other special continuous 
analyses are appearing, such 
_ as those using electrochemical 
PPM. CARBON techniques (6). Many first 
LIQUID 
appeared in operating plants 
and have been widely accepted Sine 
because of savings in time and me 
material. 
VOLU 
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The principal advantages of continuous analyzers 


are: 
Speed. Such instruments in use on semiworks 
operations speed the obtaining of data for scale-up and 
design of the future plant. The analyzer information 
is only minutes or seconds old compared to the typical 
lapse of one-half hour or more for batch sampling, 
analyzing, and reporting. Vital process changes are 
indicated promptly. 

Efficiency of Manpower. The automatic recording of 
certain analytical data means fewer routine tasks for 
the unit operators and analysts. More of their time 
becomes available for interpreting and controlling all 
process variables and for performing difficult batch 
analyses. 

Quality of Data. Sensitivity is often better than 
that of batch sampling. The inevitable variations in 
batch sampling may obscure the small concentration 
changes which are revealed accurately. Further, 
the analyzer usually sees and analyzes a very small 
sample almost instantaneously, while the batch 
sample may represent an integrated result over some 
time interval. Very recently a new analyzer showed 
changes in stream composition resulting from a 1°C. 
change in temperature of a still pot, an effect which 
no one had suspected. This type of analytical data 
allows the adoption of analyzers for control uses, if 
sufficient stability is present (7). 

Proving of Instruments. Finally, experience with the 
analyzer in the small-scale process units is valuable for 
testing alternate choices of such instruments for the 
final plant. This is particularly vital for analytical 
devices which will be used in control applications and 
which must be “debugged” in advance of the start-up 
of a plant. 

The success of continuous analyzers in dealing with 
problems in one research organization is indicated by 
the fact that the group has been responsible for more 
than a dozen analyzers on stream, with six different 
such instruments in one process area alone. In 
addition, there are several kinds of analyzers available 
for application to new problems. In some cases, 
this stock has solved problems quickly. 

Since comprehensive literature is available on the 
earlier methods, the following discussion will emphasize 
the more specific and recently developed techniques 
(6, 8). 


COULOMETRIC ANALYZERS 


For determinations of low concentrations of oxygen, 
a highly specific yet sensitive instrument of simple 
construction may be used, the Hersch galvanic cell (9). 
This device reduces oxygen at a silver cathode in a 
cell which uses a cadmium/cadmium hydroxide anode 
and potassium hydroxide as electrolyte (Figure 3). 
The current obtained is proportional to oxygen con- 
centration. The electrode reactions are: 


Ag 
Cathode: + 4e— + 2H,O ———> 40H- 
Anode: 2Cd + 40H-~ ———> 2Cd(OH), + 4e- 


Over-all: 2Cd + 2H,0 + ———> 2Cd(OH): 


Since this instrument can easily be adjusted to obtain 
several microamperes for each part per million (p.p.m.) 
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of oxygen, sensitivity of one p.p.m. by volume full- 
scale can be achieved on a good recording potentiom- 
eter. Calibration is easily made an integral part of 
the analyzer since known amounts of oxygen can be 
added periodically to the sample gas from a simple 
electrolytic generator placed ahead of the galvanic 
cell. Acidic substances interfere, but small concentra- 
tions of these are readily removed in advance by 
scrubbing the gas stream with caustic. 

The galvanic cell was found to be applicable for 
determining oxygen in inert gases, such as in the 
purified nitrogen used for blanketing reactive materials 
as well as in hydrogen and hydrocarbons. It also can 
be applied to substrates such as ammonia and carbon 
monoxide. Dissolved oxygen in certain liquids also 
has been measured after interposition of a transfer 
step to provide a gaseous sample (/0). 

A similar analytical method was developed for 
traces of hydrogen at the p.p.m. level. In this case, 
hydrogen is oxidized at a platinized platinum anode. 
The cathode is a calomel half-cell and the electrolyte 
is potassium chloride in hydrochloric acid. The 
electrode reactions in this cell are: 


Pt 
Anode: + — 2e- ———> 2H;0* 
Cathode: Hg.Cl. + 2H,O ———> 2Hg + 2HCI + 2H.O — 2e- 


Over-all: H. + Hg-Cl, ———> 2Hg + 2HCI 


The glassware used in the hydrogen cell can be very 
similar to that designed for oxygen analysis. 

This galvanic cell method has been applied to the 
measurement of hydrogen in nitrogen and hydrocarbon 
gases. If oxygen is present in the sample, it must 
first be removed in order to prevent interference. 
Scrubbing with sodium anthraquinone §-sulfonate 
solution is very effective for this operation. 

These oxygen and hydrogen analyzers are very 
useful aids to bench-scale research. They are in- 
expensive to construct and easy to manipulate. A 


-microammeter of moderate quality suffices for the 


analytical readings because experiments are short- 
term and the source of gas usually can be expected to 
provide essentially constant composition during the 
course of the run. An indicating meter may thus be 
sufficient to signal any changes in composition which 
result from leaks or other causes. Inexpensive meters 
with alarm contacts can be included if desired. These 
analyzers also can be used for batch analysis in the 
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Figure 4. Electrolytic Cell for Water Analyzer 


laboratory since it is possible to obtain a useful reading 
with a few hundred milliliters of gas samples. 

These instruments for oxygen and hydrogen deter- 
mination might be termed ‘“coulometric analyzers.” 
Another device in this class is the electrolytic water 
vapor analyzer described by Keidel (1/1). This 
instrument has already proved very useful for measur- 
ing parts per million concentrations of moisture in a 
variety of gases: air, nitrogen, hydrogen, Freon® 
fluorinated hydrocarbon refrigerants, vapors of a 
number of aliphatic and aromatic hydrocarbons, 
chlorine, hydrochloric acid, sulfur dioxide, and phosgene. 

This analysis depends in principle upon the current 
which flows when water is absorbed and then electro- 
lyzed in a special cell, illustrated in Figure 4. A 
moderate d.-c. potential is applied to two platinum 
wire electrodes which are coiled inside a tube of Teflon.® 
When water vapor is present in a gas flowing through 
the tubular cell, the water is absorbed from the stream 
by a hygroscopic electrolyte, usually phosphoric acid. 
Electrolysis to oxygen and hydrogen occurs under the 
influence of the d.-c. potential, and the electrolysis 
current is proportional to the number of moles of 
water absorbed per unit time. The construction of 
intertwined wires in a thin tube ingeniously provides 
large electrode area in a small volume to give high 
efficiency in both electrolysis and absorption. The 
current is indicated on a microammeter which com- 
pletes the circuit (Figure 5). Water does not tend to 
accumulate in the cell because the electrolysis is rapid. 
With an anhydrous sample, the electrolyte film dehy- 
drates and its resistance becomes quite high so that 
very little current is indicated. 

This instrument may also be used for batch laboratory 
analysis on gas samples when enough gas is available to 
provide a flowing sample for a few minutes. A sample 
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of about one liter at a pressure of slightly more than one 
atmosphere may be adequate. 

The electrolytic analyzer is readily modified for the 
measurement of water in hydrocarbon solvents. This 
is possible by using a stripping technique to separate 
water from a liquid sample continuously in a small 
column. A very dry inert gas is used as a carrier and 
is then analyzed in the water vapor analyzer. 

Sensitivity of the order of 0.1 p.p.m. can be achieved, 
but new sampling problems must be overcome bec:use 
traces of water adsorb strongly on surfaces of the lines 
used in handling liquids. Thus, the sample comes to an 
equilibrium with its container quite slowly, a serious 
handicap in batch methods of analysis. Continuous 
sampling eliminates or minimizes the influence oj 
adsorption, once the working surfaces have become 
equilibrated. The attainment of equilibrium may 
require a couple of days at levels of the order of one 
DETECTOR 
SOURCES 


REFERENCE CELL 
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Analyzer 


p.p.m., although it can be hastened by using stainless 
steel lines instead of copper or brass. 

A major problem in such applications is the accurate 
metering of liquid flows of the order of one milliliter 
per minute. Since the analyzer literally counts 
molecules, its reading is directly proportional to the flow 
rate of the sample, as well as to water concentration. 
Special diaphragm-type, positive displacement pumps 
have been developed by engineering groups in associ- 
ated laboratories for deliveries of small flows with 
minimum hold-up and response lag. 


INFRARED ANALYZERS 


For measuring stream constituents other than oxygen, 
hydrogen, and water, a variety of direct spectroscopic 
and analytical techniques are available. The problem 
of monitoring carbon dioxide in process gases, for 
example, has been met by the use of nondispersive 
infrared analyzers (12). Such an instrument can 
achieve high sensitivity by using a positive-filtering 
technique employing broad bands of radiation, together 
with a pressurized sample cell. Specificity for measur- 
ing CO, is obtained by using this gas itself as the 
sensitizing material in a condenser-microphone detector 
(Figure 6). 

Using a sample free of carbon dioxide, the two 
chopped infrared beams are adjusted to optical balance 
to equalize the energy reaching the two sides of the 
detector. If carbon dioxide appears in the sample, it 
diminishes the energy reaching the detector in the 
sample beam at the wave lengths where carbon dioxide 
absorbs. This leads to an unbalance in pressure 
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across a thin, mobile diaphragm, a change in the average 
position of the diaphragm relative to a fixed plate, and a 
esulting a.-c. signal proportional to this displacement 
n the condenser-microphone. 

The signal is amplified, rectified, and monitored on a 
ecorder which is calibrated in terms of concentration 
of carbon dioxide. Use of an a.-c. signal largely 
sliminates the sensitivity to fluctuations in ambient 
emperature which is characteristic of d.-c. operation. 

Gas analyses are especially suited to adaptation to 
nondispersing analyzers because of relatively sharp 
and unique absorption bands. Many specific analyses 
are possible by making the detector properly sensitive 
and adjusting the sample cell length. For example, 
low ranges of carbon monoxides, methane, and acetyl- 
ene in various inert and hydrocarbon gases have been 
monitored successfully (12). 

Interferences from other infrared absorbers in the 
system are encountered only if their absorption bands 
overlap one or more bands of the material used to 
sensitize the detector. Some interferences can be 
minimized by filter techniques with special window 
materials or even by placing selected compounds in a 
filter cell in the sample beam. 

Such infrared analyzers are available in explosion- 
proof housings which were designed to make them 
rugged and maintenance-free in plants. Their relatively 
imple optical and electronic components make them 
useful in research, too. They cost less than laboratory 
spectrophotometers yet sometimes surpass the latter in 
sensitivity. This is because the nondispersive analyzers 
depend on the integrated energy of entire absorption 
bands, rather than upon a single narrow band of wave 
lengths. 

On the other hand, conventional laboratery spectro- 
photometers can have their place in process areas, 
provided that space and facilities are available for 
proper housings to protect the instruments from the 
environment and to contain electrical spark hazards in 
areas With flammable vapors. One temporary solution 
is the use of tent-like enclosures which are constructed 
of thin transparent plastic film and inflated or purged 
wih nitrogen or clean air. Use of dry nitrogen 
ediminates background problems in single-beam opera- 
tion as well. With such pre- 
cautions, the elimination of 


One problem with such adaptations of spectrophotom- 
eters is the need of cells for flowing samples. 
The laboratory cells are often not constructed for use 
on stream nor are they designed for minimum response 
lag. In such cesses, special cells have to be designed to 
meet such considerations and also provide the desired 
absorbance range. Another problem, that of drift of 
source intensity and electronic stability, can often be 
countered at relatively low expense with additional 
regulation of line voltage. A monochromatic infrared 
analyzer of special design to meet such problems has 
been used for monitoring ortho-ethyl toluene in 
liquid mixtures with the meta- and para-isomers (/3). 


ULTRAVIOLET AND VISIBLE SPECTROPHOTOMETERS 


Ultraviolet and visible techniques can be used more 
often than is generally recognized. A photometer for 
this spectral region, such as the double-beam instrument 
described by Glasser (/4), can analyze for ranges of 
concentrations down to parts per million of strong 
absorbers and aromatic compounds. It will also 
measure very low levels of color and turbidities in 
liquids to less than one p.p.m. Although one expects 
high sensitivity even in batch analyses in laboratory 
equipment in many such applications, great stability 
of the instrument is required for process use. This is 
achieved by the double-beam principle with optical 
null-balance. Sensitivities down to a range of 0.005 
absorbance unit full scale have been attained. This is 
perhaps forty times better than many laboratory 
instruments since a change of 0.00005 absorbance unit 
can easily be read on the il-inch wide scale of common 
recording potentiometers. 

The optical bench of such a photometer is shown in 
diagram in Figure 7. A narrow band of wave lengths 
selected by a filter is split by a semitransparent mirror 
into two beams which energize a _ ratio-detecting 
phototube bridge. One beam is used as a reference and 
compared with the absorption occurring in the ana- 
lytical beam which has passed through the sample. 

Starting with balanced beams, any change in the 
absorption of the sample will be detected by the bridge 
and amplified in such a way as to restore optical 
balance by way of appropriate servomechanisms. The 
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Figure 7. Schematic Diagram of UV-V: 
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exteiut of travel of a servomotor to achieve balance, and 
hence the extent of absorption can be indicated me- 
chanically and electromechanically for remote reading. 
Zero drift can be checked by purging a standard sample 
through the sample cell occasionally and can then be 
corrected by simple optical adjustments. 


DIFFERENTIAL REFRACTOMETRY 


Another optical method, differential refractometry, is 
capable of high sensitivity for analyses of binary and 
pseudobinary mixtures, although it is less selective than 
many of the spectroscopic methods. A rugged auto- 
matic instrument designed for process work uses an 
optical balance-detection system recently described by 
Glasser and Troy (15). The temperature effects to 
which refractive index is so sensitive are minimized by 
surrounding a sealed cell containing a reference material 
with a coaxial cell through which the liquid sample 
flows. Windows of the cells are positioned at angles 
such that the refractive index of sample and reference 
subtract. Any difference between the two materials 
greater than an initial zero setting now results in a net 
refraction of a light beam passing through the cell 
assembly. This refraction is detected by a phototube 
bridge after the focused beam is split by a fixed dividing 
target. The bridge unbalance is amplified to drive a 
servomotor which turns a refractive glass plate in the 
proper direction to restore optical and hence electrical 
balance. The position of the balancing glass plate is 
transmitted by standard techniques to a_ suitable 
indicator or recorder to give a measure of the extent of 
refraction. 

Such an analyzer can achieve sensitivity to detect a 
change of 0.000004 refractive index unit, equivalent for 
example to 40 p.p.m. of water in glacial acetic acid. 
Very compact, rugged assemblies have been built for 
industrial use. Similar instruments have been reported 
to have reliability adequate to allow their use in 
applications to distillation columns in certain petroleum 
refineries (7). Many practical analyses have been 
performed routinely by refractometry including measure- 
ments of the concentration of sugar solutions and of 
solutions of high molecular weight organic compounds 
as well as the composition of mixed Freons for aerosol 
propellants. In many cases, the reading of the 
instrument is relatively insensitive to stray colors, 
tar and dirt in the sample stream. This gives it a 
unique distinction among current continuous analyzers 
in that it is nearly free of drift in zero point and in 
sensitivity. Only infrequent checking of the initial 
calibration is needed. 


MASS SPECTROMETRY 


A more elaborate technique, mass spectrometry, is 
fundamentally capable of very high selectivity and is 
quite new in application to continuous analysis. In 
an analytical mass spectrometer molecules of a batch 
sample are vaporized in vacuum and then ionized by a 
hot filament. A beam of these ions and their fragments 
is dispersed into a spectrum which depends on the mass: 
charge ratio of the individual ions. The spectrum is 
recorded after scanning of the beam and detected by an 
electrometer with appropriate focusing devices. From 
the patterns of pure compounds, results on mixtures of 


known materials can be interpreted to give compositioy 
values. 

Continuous analysis can be performed by mag 
spectrorheters which are equipped to take a flowing 
vapor sample into the vacuum system and to monitg 
any desired peak. Gases or volatile liquids can sery 
as samples, and such mass spectrometers are abk 
to handle analyses of many compounds and elements 
having molecular weights under 150 (16). The avai. 
ability of automatic peak selectors allows very rapid 
cyclic indications of the concentration of the varioys 
components once sufficient selectivity for individu 
substances has been established. 

Such an analyzer may serve for rapid initial ¢. 
plorations of streams or for trouble-shooting on-the. 
spot. Once the principal process variables have bee, 
established by this multicomponent analysis, |e; 
complex instruments may be found to be adequate to 
monitor the process. In such cases the mass spectron- 
eter will be released for further difficult analyses 
In continuous operation it may be particularly versatile 
because of ability to handle analysis of both organic 
and inorganic constituents of the same stream such as 
hydrogen sulfide, carbon dioxide, and hydrocarbons 
in the feed gas to a sulfur recovery process (16). 

When a specific analysis requires that a reaction be 
carried out on a sample before a measurement can be 
made, a continuous analyzer designed to carry out the 
measurement becomes elaborate and must often be 
largely custom made. This was the case in automs- 
tization of the thermometric analysis method of Me. 
Clure, Roder, and Kinsey which was originally developed 
to measure acetic acid in batch samples of acetic 
anhydride (17). Less complicated instruments are 
generally preferred for reasons of maintenance, but in 
this case a method was employed which requires the 
individual accurate metering of two liquid streams. 

Careful design of the glass measuring cell and contrd 
of the liquid flow by special pumps and capillary 
restrictors which are protected by good filters allows 
measurement to 0.02% acetic acid in the range of ( 
to 1% acid in acetic anhydride. 


GAS CHROMATOGRAPHY 


In cases in which a repetitive though semicontinuou 
record of concentration is acceptable and very rapid 
response is not essential, the powerful new general 
method, gas chromatography, has been automatized. 
This technique achieves excellent separations and 
analyses of a wide variety of gaseous or volatile mixtures 
by taking advantage of differences in the adsorption or 
partition of their components upon suitable columns. 
In a carrier, individual compounds pass along the 
column and emerge ait intervals depending upon their 
respective retention times as binary mixtures with the 
carrier gas. These mixtures are readily analyzed by 4 
thermal detector, and a signal is continuously recorded 
as the chromatogram which is then a spectrum of the 
initial mixture. 

Although separations by gas chromatography are 
inherently discontinuous, automatic operation has bee! 
accomplished for gas samples by means of sampling 
valves of special design. A manifold of solenoid valves 
has been used for such an analysis of methane and 
ethane in ethylene (78). The resulting repeated spec- 
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trum can then be interpreted by human or electronic 
operators. 
PROBLEMS IN APPLICATION 


New applications for continuous analysis usually 
involve more than the important factor of sensitivity 
and selectivity of the various available methods. 
Engineering problems associated with bringing a 
flowing sample into an analyzer become important. 

As Schnelle has pointed out, response time of an 
analyzer to changes in sample composition may depend 
more upon external lags in sample transportation than 
upon events inside the analyzer (/9). Sampling 
systems must be carefully designed and special bypass 
pumping devices are often needed to keep fresh sample 
rapidly supplied to the input of the analyzer. 

Corrosive samples or materials under extremes of 
pressure or temperature may restrict latitude in the 
design of sample systems, especially with regard to 
sample cells for the various optical methods of absorp- 
tion photometry and refractometry. While cell bodies 
of stainless steel with gaskets of Teflon tetrafluoro- 
ethylene resin meet many needs, window materials are 
critical in this respect. For the infrared, in particular, 
there are few strong materials which are more trans- 
parent than sapphire, which transmits from the visible 
to about 5.5 microns. Arsenic glass and KRS-5 are 
useful out to 13 microns and beyond, but with some 
samples As»; is too easily eroded and KRS-5 is often 
too soft. Calcium fluoride and crystalline germanium 
are fragile but have to be used in the long wave lengths 
in such cases. Furthermore, in these optical methods, 
the effect of stream conditions such as tars, color, 
bubbles, and suspended solids upon the analyzer 
reading should be known and taken into account. 

Samples which are valuable or limited in quantity 
should be handled by nondestructive methods, particu- 
larly in research stages. Such a consideration makes 
the optical methods especially desirable, because they 
seldom change sample composition. Nondestructive 
analyzers frequently require less maintenance, too. 
Destructive tests with added reagents are likely to be 
fairly complex and thus offer more mechanical “bugs.” 

Sensitivity of a method which initially appears to be 
borderline may actually prove to be acceptable in 
service on-stream because continuous sampling tends to 
improve precision by reducing the magnitude of blank 
values. Flowing samples for trace water analysis, for 
example, are much easier to protect from contamination 
by atmospheric moisture than are batch samples. 

Selectivity, on the other hand, should be studied 
carefully in advance of a final choice of analyzer. 
The tendency of unknown interfering substances to 
appear in an analytical sample is particularly important 
in research stages of the process. All the components 
of a stream usually are not known at this time. It 
must also be remembered that selectivity in some 
analyzers, notably those based upon nondispersing 
infrared absorption, is not dependent solely upon the 
method itself. The instrument must be made sensitive 
to pure materials, chosen after tests of their specificity 
in the particular application. 


THE FUTURE 


For more general applications, there seems little 
doubt that procedures and techniques which have as 
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yet seen little or no use in continuous analysis applica- 
tions will come into greater prominence. Many of 
these, because of their intricacy, will have to be first 
vested thoroughly in research applications. They will, 
of course, provide valuable assistance to research 
programs. 

The development of more sensitive and reliable 
instruments would do much to assist in analyses for 
air pollutants and other trace constituents in gases 
(20). Automatic gas chromatography would seem 
to be a particularly good candidate for such an applica- 
tion since it appears now that sensitivity to parts per 
million can be achieved in batch work (2/7). Another 
important improvement needed for gas chromatography 
itself is a reliable sampling procedure for liquids since 
very wide application is apparent for future analyzers 
of this type. 

Coulometric titration, aside from the direct coulo- 
metric applications discussed earlier, will most likely 
be expanded beyond the unique current applications in 
analyses for sulfur compounds in certain gases and to 
chlorine in water (22). 

An automatic polarimeter has recently been reported 
for monitoring the optical rotation of a plant stream of 
molten resins (23). 

Sonic, or acoustic, gas analysis is not new but is 
rarely publicized. Extreme sensitivity has been re- 
ported for measuring components such as oxygen and 
hydrogen (24). This technique is somewhat selective 
in that sensitivity is higher for components of low 
molecular weight. 

Dielectric constant measurement has been available 
for some time for nonselective continuous analysis but 
has only recently seemed to gain momentum in applica- 
tion to certain mixed hydrocarbon systems and to 
determinations of water content of liquid sulfur 
dioxide in petroleum refineries (25). 

Techniques which apparently have not been used 
in continuous analysis but which seem promising are 
also growing in number. For example, flame photom- 
etry already requires a flowing sample. Its extreme 
sensitivity promises to open applications in continuous 
analysis for many inorganic constituents in process 
streams. 

X-ray absorption is another potential means of 
measuring inorganic moieties. X-ray fluorescence and 
emission spectroscopic techniques have been automa- 
tized for rapid multicomponent analyses of batch sam- 
ples in the metal industries (26). Closer approaches to 
continuous sampling applications are likely, possibly by 
carrying batch samples on a moving tape. 

Application to solid samples is a general problem for 
many types of measuring techniques now used in 
continuous analysis. Nonvolatile solids other than 
metals, such as polymers in continuous processes, are 
challenging substrates for future automatic analysis. 

Electronic measuring techniques which have the 
capacity for instantaneous a.-c. spectrum presentation 
of data capture the imagination for rapid multi- 
component analysis. Nuclear magnetic resonance is 
such a technique. Similar utility may be expected 
of new mass spectrometers and infrared and visible- 
region spectrophotometers which are becoming avail- 
able. 

In general, continuous analyzers must gain increased 
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versatility in end use. Relatively few are now suffi- 
ciently reliable for control applications. Refrac- 
tometers have been cited as perhaps the most noted 
exception, but more specific analyzers will become 
necessary for wider assistance in controlling the 
automatized plants of the future. 

Further incorporation of analyzer output readings 
into data-logging systems will enable the use of the 
analyzers in following the yield for commercial products. 
Computers may be added to such systems to make the 
calculations automatic. Since plant applications of 
these newer techniques will in many cases have to be 
evaluated thoroughly in research, the inherent ad- 
vantages of continuous analyzers will be realized in 
both research and production. 
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NOTEBOOK HELP IN ORGANIC CHEMISTRY 


Most students in organic chemistry vlasses have difficulties in copying material written on the 
beard and therefore are unable to take down the comments made by the instructor. In the ex- 
treme case, the student who concentrates on copying from the board may actually miss the re- 
marks of the teacher completely. 

In connection with an experiment of teaching organic chemistry by closed-circuit television, 
a new technique was tried which offers a possible solution to the above mentioned dilemma of the lar b 
student, even in the conventional lecture course. Each student was supplied with a set of mimeo- lectu 
graphed sheets, which might be called a pre-arranged notebook. These papers contained most of made 
the material, mainly equations, which the instructor would write on the blackboard during his 
lectures. Sufficient space was left between the equations to give the student a chance to write grou 
additional comments at the appropriate places. Since the sheets were mimeographed only on Was { 
one side, additional space for writing was available on the backsides. These mimeographed merit 
sheets were in no way intended to replace the textbook, but meant, as indicated above, as an aid 
in taking notes. 

In order to get the reactions of the students to this new device, the class received lectures 
with the notes for one semester and without the notes for the second one. Out of a class of fifty 
students only two felt that the notes did not help them, while the others felt strongly that they 
were able to absorb more in lecture with the help of the mimeographed sheets. 

In concluding, a word of caution is in order. These notes suggested herein are only of value 
if the lecture sequence and the sequence of material in the notes is identical, otherwise the student 
will be in a worse dilemma than without the notes. 
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GENERAL CHEMISTRY VIA TELEVISION 


ExperiMENTs in formal education via television have 
captured the interest of many who are concerned with 
the problems of current and future student enrollments 
at all levels. Several noteworthy experiments in chem- 
ical education have been conducted, one of which has 
been described in detail by Smith.! 

At the present time schools in the Oregon system of 
higher education are exploring the merits of college 
instruction via television on an inter-campus basis. 
They have undertaken a cooperative experiment in 
which they have been assisted by a grant from the 
Fund for the Advancement of Education. Beginning 
in the fall of 1957, a general chemistry course produced 
at Oregon State College was broadcast via open channel 
tothe campuses of the University of Oregon and Oregon 
College of Education. 

Preliminary to the main part of this experiment, how- 
ever, and in preparation for the teaching of the full year 
course, a pilot run was made in the spring term, 1957. 
This short preliminary program provided a unique op- 
portunity to evaluate student attitudes toward tele- 
vised versus conventional instruction in general chemis- 


try. 


OBJECTIVE AND PROCEDURE 


The primary purpose of the spring term project was 
to study the problems involved in adapting a lecture- 
demonstration chemistry course to the atmosphere of a 
standard television studio. In addition, it provided 
the opportunity for the lecturer and the general campus 
staff to become further acquainted with television as a 
medium of instruction. 

The program of instruction consisted of two lectures 
per week via closed circuit television followed by a con- 
ventional three-hour recitation-laboratory session. 
Forty-three students received their lectures via tele- 
vision. A control group of 145 students who had simi- 
lar background and training received their two weekly 
letures in a conventional fashion. No attempt was 
made to segregate the television and the face-to-face 
groups in the laboratory sessions, but, instead, there 
was free exchange of ideas and attitudes regarding the 
merits of televised instruction. The two groups re- 
ceived identical lectures by the same professor except 
that the television lectures originated from a studio 
specially equipped for this purpose. 

In spite of the work of transporting lecture materials, 
the advantages of producing a chemistry lecture in a 
studio are obvious. The camera crew has the freedom 
of moving in and out for close-up and wide-angle views, 


'Surra, G. W., J. Cuem. Epuc., 33, 257-62 (1956). 
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lighting is more readily controlled, and charts and other 
visuals can be easily worked in. With the supervision 
of production by an experienced producer in the control 
room, assisted by a capable floor manager, a chemistry 
lecture appears to the viewer as a fairly smooth produc- 
tion. In such a procedure the lecturer must be content 
to work without a live audience, but in return for the 
lack of immediate response from his students, the lec- 
ture appears to have been made especially for the stu- 
dents in a remote viewing room. 


MEASUREMENT OF STUDENTS’ ATTITUDES 


Students’ attitudes toward television instruction were 
obtained through three devices: preliminary and final 
questionnaires, suggestion boxes, and personal inter- 
views. The preliminary questionnaire was given to 
all the students in the course at the end of the winter 
term when it was not known which students would be 
assigned to the television section. 

Answers to the preliminary questionnaire reflected a 
considerable degree of student-wariness about the effec- 
tiveness of a televised chemistry course. Sixty-three 
per cent of the students showed a negative attitude, and 
of the remainder who expressed an interest in enrolling 
in the television section, fully half were interested only 
because of the novelty of the experiment. 

The final questionnaire, however, revealed two almost 
diametric views toward televised instruction. The 
television section showed a strong trend toward a favor- 
able attitude, with 40% preferring televised lectures to 
conventional lectures, 20% remaining neutral, and 40% 
preferring the conventional lecture. At the end of the 
term, however, the conventional section was more op- 
posed to television instruction, and favorable attitudes 
fell from 40% to 11%. Through personal contacts with 
students in both groups, this divergence may be attrib- 
uted to at least two factors. One, students outside the 
television section would probably hear more readily 
about the shortcomings and limitations of televised 
lectures, and second, there was undoubtedly an im- 
provement in the conventional lectures that accom- 
panied this experiment. 


PERSONAL INTERVIEWS 


The most dependable measure of students’ attitudes 
toward television instruction, we believe, was obtained 
through personal interviews with each of the students 
enrolled in the television section. The interviews 
showed essentially the same trend of opinion and atti- 
tudes obtained with the questionnaires. Of those orig- 
inally opposed to television, half changed their minds. 
Those with neutral attitudes remained the same in 
number, while those with favorable attitudes doubled. 
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Only two students of the 43 felt that television gave 
them a “raw deal,” while a great majority of the stu- 
dents found the instruction better than they expected it 
to be. 

When asked to list the specific advantages of tele- 
vised instructions, students gave the following reasons, 
in order of frequency mentioned: close-up views of 
demonstrations, charts, and diagrams; attention is 
focused and many of the distractions of a large lecture 
room are eliminated; more material is covered and is 
better organized; and (surprisingly) some students 
felt a more intimate contact with the lecturer than they 
had in a large lecture class. One student said that in a 
large lecture room the instructor seldom looked directly 
at him because he was just one of many students in the 
room. However, when the instructor looked into the 
television camera the student felt that the instructor 
was looking directly at him. 

Specific disadvantages listed by the students in the 
interviews include: lack of color, lag in time for cameras 
to follow the lecturer as he uses blackboard and demon- 
stration apparatus, lack of opportunity to ask questions 
directly of the lecturer, lack of personal contact, and 
limited view of material and equipment. Along with 
these disadvantages, students were quite eager to make 
suggestions for their improvement, and many of these 


suggestions were worked into the production of the 
lectures during the latter part of the course. 

Concerning the taking of notes during a televised 
lecture, 18% found it more difficult, 52% about the 
same, and 30% found it easier than in a regular type 
class. However, this response is influenced by the 
fact that topical outlines of the lectures were issued to 
the students at the start of each lecture, a practice not 
used previously in this course. Many students ey. 
pressed the idea that the camera crew was not aware of 
the time required to copy notes from blackboard views, 
although students noted a great improvement in this 
matter by the end of the term. 

When asked what they would do if given a choice 
to re-enroll in the same type of course for another term, 
44% said they would choose the televised lectures, 
9% were neutral, and 38% said they would prefer the 
conventional lecture. 

Finally, the television section expressed the favorable 
possibility that other courses could be taught effectively 
by television. On the basis of their experience in 
chemistry, students felt that the best chances for 
television instruction would be, in order, in social 
sciences, chemistry, English, physics, and R.O.T.C, 
with least chances for successful learning in mathe 
matics and engineering courses. 


QUALITATIVE IDENTIFICATION OF NARCOTICS 
BY SPOT TEST EXAMINATION’ 


In rH past this school has been asked by various local 
law-enforcement agencies to instruct non-chemically 
trained personnel in the techniques for the qualitative 
identification of narcotics. These procedures were to 
be applied to materials seized from suspected narcotic 
addicts or narcotic peddlers. It is important for law- 
enforcement agencies to be able to make a rapid analy- 
sis of these materials which would give sufficiently sat- 
isfactory evidence to hold a suspect and to file a formal 
charge. After the preliminary analysis, the material 
could then be referred to an established outside labora- 
tory for complete analysis if it seemed desirable to do 
80. 
There are several systematic procedures available 
for the chemical (1-5) and physical (6) identification 
of narcotics. However, the procedures set forth gener- 
ally require equipment and trained personnel not avail- 


1 Supported by fund made available by the Council of Phar- 
macy and Chemistry of the American Medical Association. 


KENNETH F. LAMPE 
School of Medicine, University of Miami, 
Coral Gables, Florida 


able to most police forces. In addition, few strictly 
chemical tests have been described for synthetic nar- 
cotics appearing since 1940. Therefore a survey was 
made of about 95 known identifying-reagents for nar- 
cotics in an attempt to find a method by which all the 
common narcotics could be rapidly identified with the 
minimum of reagents, equipment, and training. 

Four reagents were found which were sufficient to 
give reliable presumptive identification of the conimo! 
narcotics. Of about 150 drugs examined (including 
barbiturates, cardiac glycosides, antihistaminics, autl- 
biotics, diuretics, and a number of non-narcotic alk:- 
loids), only one, Nalorphine (N-allylmorphine, Naline 
was found to produce results indistinguishable from 
one of the narcotics (morphine). It is unlikely that 
this morphine antagonist would ever come under the 
province of the police laboratory. The tests described 
for morphine and diacetylmorphine are appl cable 
even when these narcotics are “cut” to 6% by lactos, 
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the most common extender found in illegal narcotics. 
Mixtures of narcotics containing morphine or diacetyl- 
morphine will usually demonstrate only the color reac- 
tions of these materials. However, it is recommended 
that any sample producing a color sequence deviating 
from that in the table be referred to a trained chemist 
for identification. Two non-narcotics, acetylsalicylic 
acid and amphetamine sulfate, have been included in 
the table of color reactions because they are both com- 
mon and both give color reactions with reagents for 
narcotics. The narcotics used in the preparation of the 
identification table were the hydrochloride or sulfate 
salts. 

Law-enforcement agents frequently desire to know 
whether a non-narcotic containing sample perhaps con- 
tains a barbiturate. There are no adequate chemical 
tests which will positively identify the barbiturates as 
a class or distinguish between the commercially avail- 
able barbiturates. Most barbiturates, however, do 
give a violet color within 30 minutes with the copper- 
pyridine reagent (cf. Procedure). The positive identi- 
feation of any given barbiturate is most easily ac- 
complished by infrared analysis (7) and is beyond the 
sope of this paper. 


PROCEDURE 


The following reagents are used for spot test 
analysis: 


Mandelin’s reagent: 0.1 g. of ammonium vanadate in 40 ml. 
of concentrated sulfuric acid. 

Hoshida’s reagent: 0.3 g. of ammonium molybdate and 0.5 
nl. formalin (40%) in 60 ml. of concentrated sulfuric acid. 

Frohde’s reagent: 0.1 g. of ammonium molybdate in 100 ml. 
of concentrated sulfuric acid. 

Ferric chloride reagent: 1.0 g. of ferric chloride in 50 ml. of 
water. 

Copper-pyridine reagent: 5 ml. of pyridine added to a solution 
of 2.0 g. of hydrous copper sulfate in 45 ml. of water. 


The ferric chloride and copper-pyridine solutions are 
stable indefinitely; the other reagents should be pre- 
pared monthly and kept in tightly stoppered bottles. A 
small portion (1-2 mg.) of unknown material is placed 
in the spot plate, and a drop of the reagent is allowed 
to run down the side of the depression into the material. 
The following table summarizes the color changes to 
be observed. The spot should be observed for at least 
five minutes unless otherwise indicated in the table. 
Color reactions marked with an (X) are not character- 
istic and may be omitted from the procedure. After 
the tentative identification of a narcotic, a second 
sample should be tested along with a known pure 
sample of the same narcotic.? 
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Color Reactions of Narcotics in Spot Tests 


Frohde 


Mandelin 


Reagent 
Hoshida 


Ferric 


chloride 


Codeine Green to blue No change Purple with green Green to blue 
Levorphanol (Dromoran) Blue Yellow Blue to greenish gray Pale brown 
Dihydromorphinone (Dilaudid) 7 to pale green to color- Blue Blue to gray Pale brown (X) 

ess 
Acetylsalicylic acid (aspirin) Blue to purple to colorless No change __ Blue with red Green to green brown 


Morphine Red to purple to olive Blue Purple Brown (X) 


w strictly Mi Diacet ylmorphine (Heroin) Red to purple to olive No change Red to purple Brown (X) 
hetic nar- Methadone (Adanon) No change No change Orange to rust to green Blue 
irvey wai (about 20 minutes) 

lphaprodine (Nisentil) No change No change Red to brown Pale green 
ts for nar- Meperidine (Demerol, Dolantin, No change No change Orange to green to blue Red orange to yellow 
ich all the lsonipecaine) (about 15-20 minutes) 

1 with the Amphetamine (Benzedrine) No change No change Orange to green Green 
ng. 

ficient to 

e commol 

(including 

nics, antl- 

20tic alka- 

e, Nalline 

able ‘<a ¢*,..The major new ideas of the next decade will come from a dozen minds; the major 
ikely that advances in putting those ideas to work will come from a few hundred exceptionally 
under the able and well-trained scientists and engineers. If we can double that number then we 
3 described will have surely accelerated the rate of progress. But if we double only at the bottom 
appl cable and not at the top, then we may indeed doubt whether the effort is worthwhile.” 

by lactos, Lee A. DuBrivce 
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RESEARCH AND SCIENCE TEACHING 


W. A. WOODS 
Research Corporation, Santa Monica, California 


Waar place should research activity occupy in the 
collegiate teaching of the physical sciences? As field 
representative for a foundation which provides grants 
for research in this area, the writer has heard many an- 
swers to this question. Chemistry and physics faculty 
members generally feel that research is essential to 
proper teaching, and most of the younger ones valiantly 
strive to carry on this activity despite severe obstacles. 
College and university administrators also generally 
appear to support the idea of research by their science 
faculties, although there may sometimes be a lack of 
understanding of what such activity actually entails and 
a concomitant lack of encouragement in tangible form. 
The only real opposition observed within science depart- 
ments has been on the part of older staff members who 
have completely lost touch with progress and appear to 
have developed an inferiority complex so far as research 
is concerned. Fortunately these are rare, and the re- 
maining few are less and less effective in discouraging 
the introduction of research programs. 

Perhaps the greatest obstacle to increasing academic 
research is the confusion that exists as to what “‘re- 
search” really is. The word has become very popular 
in the postwar era and has been applied to many activ- 
ities which were formerly identified by other names. 
While this popularity has its bright side, it seems un- 
fortunately true that the classical meaning is in danger 
of being submerged in the faddistic semantics of the 
day. Much of this difficulty stems from the successful 
use of faculty personnel for the development of new 
scientific weapons during the last war, and the programs 
of “contract research” which followed. In contracting 
for research, military agencies have sponsored projects 
of wide variety, ranging from the purest fundamental 
studies to the actual construction of weapons. In all 
cases the agency was, in effect, ‘“‘buying”’ results, either 
in the form of new knowledge or of actual “hardware.” 
As a purchaser it was willing to pay a share of the salary 
of those faculty members engaged in the work and to 
pay a reasonable ‘‘overhead” charge to the institution. 
This procedure was welcomed by college administra- 
tors who were hard pressed to meet ever-increasing costs 
and by faculty scientists who were eager to be associated 
with important research programs. Much of the work 
so sponsored has been fundamental. and completely 
compatible with academic ideals, and credit is due the 
administrators of these programs for their enlightened 
policies. From the over-all viewpoint, however, some 
undesirable side effects have resulted. There has been 
a natural tendency for the contracts to go to the larger 


universities for projects under the supervision of faculty 
members of established reputation, since this appeared 
to offer the greatest return on the invested funds 
Other faculty members either joined the team that was 
organized to carry out the contract or found themselves 
without research support. Contractual obligations 
sometimes required elaborate accounting and reporting 
procedures. Graduate students were attracted to 
those projects which paid the highest research assistant 
salaries without regard to their suitability as thesis r- 
search. Smaller institutions and especially institv- 
tions which specialize in teacher training were generally 
considered unsuitable for contract research. The con- 
cept that research by the individual science faculty 
member is an essential part of his scholarly activities 
seemed in danger of becoming lost. 

However, the outlook for research as an appropriate 
part of the academic activity of physical science depart- 
ments appears brighter today than ever before. The 
National Science Foundation has established programs 
for the support of research which seem to be suited to 
academic needs, in keeping with the purposes for which 
Congress established this organization. Industrial 
corporations and associations also appear to be increas 
ingly interested in the support of true academic research. 
Private foundations and philanthropic individuals cor- 
tinue to encourage scholarly activities in all disciplines 
of higher learning. 


RESEARCH ESSENTIAL TO EFFECTIVE TEACHING 


Research Corporation, the foundation for which the 
writer is field representative in the western states, has 
consistently held the premise that research is essential 
to effective teaching of the physical sciences and has 
provided grants for the assistance of research appropr- 
ate to this point of view. It has been somewhat unique 
in encouraging the establishment of research in the 
smaller liberal arts and teacher training colleges. |i 
has also provided assistance for the young faculty men- 
ber to initiate research at the start of his teaching caree! 
in large as well as small institutions. In doing this it 
has not attempted to “buy” research results but rather 
to “buy” more and better scientists through improvel 
teaching and the stimulation which sound research it- 
evitably brings to both teacher and student. The 
grants are made as gifts to assist the college or univer- 
sity in research activity which is an appropriate part 0 
its over-all academic program. As such they do not 
provide for routine costs, faculty salary, or overhead but 
make available funds for those required items of appar 
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tus and supplies which are not normally found in the 
college laboratories dnd stockrooms. They also pro- 
vide, where appropriate, reasonable stipends for student 
participants. This Frederick Gardner Cottrell pro- 
gam, in its more than ten years of existence, has 
effectively demonstrated the benefits of sound research 
ys an integral part of the teaching program in the physi- 
cal sciences. It is named after the founder of Research 
Corporation who was himself a chemistry teacher at the 
University of California from 1902 to 1911. During 
this period he invented the process of electrical precip- 
itation of particles from gases which bears his name. 
His idealism, and that of his associates, led to the es- 
tablishment of Research Corporation as a non-profit or- 
ganization to exploit this invention and use the earn- 
ings for the advancement of science. 

Through this program of grants-in-aid many college 
administrators have been made aware of the fact that 
experimentation in the laboratory is as essential to the 
teachers of chemistry and physics as the study of musi- 
cal scores is to the teacher of music or the reading of 

i Gifted young 
teachers have decided to remain in academic careers 
despite the lure of the higher salaries of industrial posi- 
tions largely because they were able to conduct re- 
garch of their own choosing. Students who might 
have turned to other fields have learned the fascination 
of exploring the unknown in science and are now dedi- 
cated to scientific careers. 


RESEARCH DESIRABLE FOR TEACHER TRAINING 


Perhaps the one area where there is continuing need 
foremphasis on the desirability of research is the teacher 
training institutions. The traditional feeling in many 
of these is that science is relatively unimportant and 
that research is a luxury that is not appropriate to their 
program. One hears the term “teaching institution” 
used frequently to distinguish them from “research in- 
stitutions.” Yet in the science departments of some of 
these where research has become established, there is 
great interest on the part of students and improved 
prestige for the investigator and his department. An 
example of this may be found at Colorado State College 
at Greeley, Colorado. Early in 1956 Research Corpo- 
ration awarded a grant to this college to assist a study 
of reaction rates of selected organolithium compounds 
with ethers by Professors John A. Beel and William G. 
Koch. There being no laboratory available, the in- 
vestigators have carried out the project in one end of a 


student laboratory, and they have reported difficulty at 
times due to distraction from curious students. This 
curiosity is very welcome and has resulted in an un- 
usually high degree of student participation in the work. 
Word of the grant and of progress of the study has re- 
ceived wide distribution and excellent reception on the 
campus. The president of the college has publicly 
commended the investigators for their initiative, and 
the science division has achieved a more important 
position in the eyes of other divisions than it previously 
held. 

Assistance for the initiation of chemistry research 
projects has been provided to five of the state colleges in 
California (Fresno, Long Beach, Sacramento, San 
Diego, and San Francisco), Eastern New Mexico 
University, and New Mexico Highlands University. 
The training of public school teachers is a primary. 
function of all of these institutions. The studies so 
assisted include: 


Identification of Carbonyl Compounds by Means of the Optical 
and Crystallographic Properties of the Semicarbazones 

Syntheses of 6-/-Butylpseudocumene and 2-t-Butyl-4,6-di- 
methylacetophenone and their Nitration Products 

The Exchange Reaction Between Tin(IV) and Tin(II) Bro- 
mides in Absolute Alcohol and Other Solvents 

Preparation of Substituted Benzamidazoles 

Reductions With Hydrazine Hydrate Catalyzed by Raney 
Nickel 

Reaction of Hydroxylamine With Unsaturated Acids and 
Esters 


Several publications have resulted from these studies, 
and in most cases research is continuing and has be- 
come firmly established as a part of the academic pro- 
gram. 

The present public demand for improvement in high 
school science teaching is being felt in teacher training 
institutions. In some, excellent cooperative programs 
have been worked out between the education and science 
departments which are resulting in improved training 
for prospective science teachers. Despite these favor- 
able trends, the position of scientific research remains 
precarious in these institutions, and efforts aimed at 
improving the situation should receive enthusiastic 
support from all scientists. It is to be hoped that state 
legislatures, boards, and administrators will review the 
conditions in their colleges and attempt to improve the 
facilities, adjust the teaching loads, and revise unrealis- 
tic or outmoded policies in order to make sound research 
an accepted part of the college science teachers program 


“. . .It is my conviction that creative abilities are not primarily a gift of the gods, but 
rather are the fruits of opportunity, stimulation, and growth. . . . 

**An analysis of almost all the psychological tests ever made points to the conclusion 
that creative talent is normally distributed—that all of us possess this talent to a lesser 
or greater degree—and that our creative efficiency varies more in ratio to our output of 
mental energy than in ratio to our inborn talent. People who are creatively alert . . . 
see not only what is, but what might be... .” 


—From an address by Cuartes N. KIMBALL, 


President of Midwest Research Institute, before the Midwest 
Association of Chemistry Teachers of Liberal Arts Colleges 
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THE ROLE OF CHEMISTRY IN MODERN 
METALLURGICAL ENGINEERING’ 


In DISCUSSING the role that chemistry plays in any 
engineering field, the non-chemist is faced with a defi- 
nition of terms. On consulting the basic textbooks in 
the field he finds: “Chemistry may be defined as the 
science which treats of the composition of matter and 
the changes in composition and energy which matter 
undergoes.”’ One author goes so far as to state that 
previous to 150 years ago there was no science of 
chemistry. Admittedly, a curiosity about the com- 
position of matter and, incidentally, of metals existed 
at a much earlier date. Traditionally it seems to have 
been the chemist who has pioneered knowledge about 
matter and its behavior, and since metals are matters. of 
interest to chemists along with other things, one can 
begin to see an early correlation between the two sub- 
jects. 

On the other hand, even to the scientist it is obvious 
that in the field of engineering, where traditionally the 
objective has been to apply basic knowledge to a wide 
range of industrial processes and problems, the store of 
facts and figures has become so great that specializa- 
tion or, essentially, segregation of the various areas of 
this knowledge, has become necessary and has been 
going on over the years. This has given rise to several 
branches of so-called pure science and to more branches 
of engineering. Even the somewhat definitive title 
“metallurgical engineering” has many implications. To 
those who are concerned with development of future 
curriculums the field sometimes looks like a many- 
tentacled octopus. Subdivisions include physical met- 
allurgy, process metallurgy, mineral dressing, mechani- 
cal metallurgy, metal processing, foundry metallurgy, 
corrosion of metals, solid state physics, high tempera- 
ture metallurgy, welding metallurgy, powder metal- 
lurgy, nuclear metallurgy, and so on: However, be- 
yond elementary mathematics, physics, and chemistry, 
the field of metallurgy may be characterized by four 
principal scientific themes*: (1) thermodynamics, (2) 
structure of matter, (3) engineering mechanics and be- 
havior of materials, (4) rate processes. In addition, 
specialized techniques have been developed over the 
years for the study and control of composition, struc- 


1 Presented at the Nineteenth Annual Summer Conference of 
the New England Association of Chemistry Teachers, Colby Col- 
lege, Waterville, Maine, August 20, 1957. 

? ScHUHMANN, R., Jr. Paper presented before the Mineral 
Industry Education Division of the American Institute of 
Mining and Metallurgical Engineers, February, 1954. 
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ture, and shape of the substances of metallurgica| 
interest. 

From this description one can readily see that chemis. 
try will play an important role in building an educ- 
tional foundation for metallurgical engineering. With 
the exception of item (3) above, most chemical cu. 
riculums would include items (1), (2), and (4). 

In developing the subject further, it is convenient 
to discuss two aspects of the role of chemistry: first, 
in college curriculums, and, second, in the industria! 
practice of metallurgical engineering. Current practice 
is presented and is followed by some of the problem 
that must be faced to meet future trends. Since the 
author is concerned mainly with educational practices, 
most emphasis is placed on this aspect. 


CHEMISTRY IN CURRICULUMS FOR 
METALLURGICAL ENGINEERING 


In recent years considerable attention has been de. 
voted to the content of engineering curriculums in 
general. A report on “Evaluation of Engineering 
Education (1952-55),’’ by the American Society for 
Engineering Education, outlines a time distribution 
for scientifically oriented engineering curriculums. 4 
glance at present and future problems in the field indi- 
cates that metallurgical engineering has no choice but 
to become scientifically oriented. A summary table 
from the report is reproduced in Table 1. 


TABLE 1 


Summary of Time Distribution for Scientifically Oriented 
Curriculums 


Proportion 
of 


curriculum 
About one fiith 
About one fourth 
About one fourth 


About one fourth 
About one tenth 


Subject matier 


Humanistic and social studies 
Mathematics and basic sciences (about 
weight) 
as sciences (e.g., applied 
thermodynamics, etc. ) 
uence of engineering subjects (i.e., 
for major field) 
Options or electives 


It will be noted that chemistry would fall in item two 
which consists of mathematics, physics, and chemistry 
in equal proportions. This would mean a minimum 
time allotment of about 8% of the curriculum content 
for chemistry. Another point of interest is the recom- 
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mendations of the, report with regard to chemistry. 
These are quoted below: 

...chemistry should include topics in inorganic, organic and 
physical branches presented in condensed and general form. The 
initial study must prepare engineers to enter advanced courses in 
chemistry and in its application to such fields as properties of ma- 
terials, metallurgy, fuels and combustion, corrosion and industrial 
chemical processes. Hence, such subjects as rates and kinetics 
of chemical change, chemical equilibria, phase diagrams, solu- 
tions, electrochemistry, and colloids should be included. Care- 
ful coordination should also be effected between modern physics 
and chemistry. For studies beyond the usual freshman chemis- 
try course it is felt that physical chemistry deserves the main 
emphasis. 

Even the most ambitious chemistry teacher will 
admit that these recommendations would require very 
careful use of allotted time. 

It will also be of interest to look at an approximate 
time scale for some typical metallurgical engineering 
curriculums. Table 2 shows this for five major col- 
leges chosen more or less at random. The heading 
“other fields” in this summary refers for the most part 
to selected courses from other engineering fields such as 
mechanical, electrical, chemical engineering, and geol- 
ogy. The figures refer to curriculums in use about two 
years ago. 


TABLE 2 
Metallurgical Curriculums 


% Subject matter 
School School hool 
B C 


School School 
D Cc 


Metallurgy 
Geom.-math.- 

mechanics 
Humanities 
Chemistry 
Physics 
Other fields 

91 


4 9 9 8 5 


‘If R.O.T.C., humanities, and other fields are dropped each 
about 2%. 


School B had dropped some basic chemistry in favor of 
more in-department applied work. Otherwise a rea- 
sonably uniform time allotment to chemistry is noted. 
Taking the average engineering bachelor’s degree as 
consisting of approximately 145 semester hours, ap- 
proximately 20 semester hours are spent on chemistry 
on the average. 

In considering the use that is made of this time by 
the student, the R.P.I. curriculum is typical. Ten 
semester hours are spent on general chemistry, four on 
analytical and eight on physical chemistry. Sequential 
demands result in a distribution of these courses through 
the junior year. This sequence does not, however, 


; complete the role that chemistry plays in metallurgical 


curriculums. Courses such as production metallurgy 
appear which is largely the chemistry of metal produc- 
tion and metallurgical thermodynamics and electro- 
metallurgy, which are obviously a version of applied 
chemistry. There are also basic physical metallurgy 
courses in which such topics as mechanics of solidifica- 
ion, phase transformations, and phase diagrams of 
metal systems are found. These subjects might be 
considered suitable fare for any physical chemist. 
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Many curriculums also contain courses in ore benefica- 
tion and metal refining among the major field offerings. 

In summary it might be said that metallurgical en- 
gineering depends heavily on the integration of chemis- 
try as a pure science of materials into an engineering 
field centering mostly around problems resulting from 
the use of metals. 

If one were to walk through the laboratory facilities 
of the average department of metallurgical engineer- 
ing, the role of chemistry would also be noted here. 
For example, at R.P.I. you would find a spectrographic 
laboratory, a gas analysis laboratory complete with mass 
spectrograph, an X-ray diffraction laboratory, and 
numerous laboratory benches characterized by stone 
tops, water, gas and air supplies, and rows of reagent 
bottles along the shelves. 

Even in the staffs of the metallurgical departments, 
chemistry has its role. Among a staff of ten at R.P.I., 
one member is a Ph.D. chemist and four were graduated 
in chemical engineering and did their graduate work in 
metallurgy. 

Education in modern metallurgical engineering faces 
numerous problems, many of which concern the role of 
chemistry. One definite problem is time. The im- 
pact of nuclear and other modern technological de- 
velopments has greatly increased the amount of sub- 
ject matter to be considered. This in turn will force 
more specialization or some rearrangement of time in 
the curriculums and will bring the whole subject mat 
ter under scrutiny, chemistry included. 

Another problem is that of overlapping. At the 
foundation level overlapping occurs between physics 
and chemistry. In the departmenta! courses perhaps 
too much effort is being wasted in re-teaching, at the 
applied level, material which has already been covered 
but not correlated. 

A third problem is one of liaison between basic and 
applied fields. Inadvertently in the trend toward 
specialization and the application emphasis of engineer- 
ing we are building invisible walls in the minds of the 
students and perhaps even in the minds of the profes- 
sors. This wreaks havoc with the scientific perspec- 
tive of the average four-year graduate and generally 
means that he will spend another three or four years in 
graduate school or research beforehe regains perspective. 
It is a moot question whether this lack of integration 
between foundation courses and applied courses is 
necessary. This problem for example has given rise ~ 
to textbooks entitled, “Chemistry of Metals,” “Struc- 
tural Metallurgy,” etc., to re-emphasize basic princi- 
ples. Although this approach has its value, one 
seriously doubts whether this is a satisfying way to 
introduce metallurgists to chemistry or chemists to 
metallurgy. 

For the past two years a study committee sponsored 


’ by the Department of Metallurgical Engineering at 


R.P.I. has been concerned with some of these problems. 
The group consists of both academic and industrial 
scientists and engineers. This is only one of several 
such studies. One of the outcomes of these delibera- 
tions has been an attempt to design a curriculum which 
makes more efficient use of time, is more liberal in its 
general content, and provides for the student an 
integrated perspective of his major field. A chart of 
these tentative efforts is shown in Table 3. 
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| 
31 32 26 | 
10 14 15 
18 14 23 
15 14 12 
10 7 9 
7 1l 10 
91 92 95 : 
Shop, R.O.T.C., 
P.T., ete. 
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In considering the role of chemistry in this curricu- 
lum, it will be noted that the actual share of time 
devoted to chemistry as such has been decreased from 
15% to slightly over 11%. This is done for two rather 
basic reasons: One is the fact that chemistry is a 
foundation course and the student should therefore 
have essentially completed his foundation before be- 
ginning to build up his major field interest; second, 
it appears that time can be saved for the engineer by 
cutting down on some laboratory experiences. It 
seems of doubtful value, for example, that he become 
an expert in either titration methods or the use of the 
analytical balance. 

This change is not intended to minimize the role 
of chemistry in building the proper perspective. 
Having had a survey course in his major field simul- 
taneously with the last semester of his science founda- 
tion, the student is scheduled for an extra six semester 
hours of applied chemistry including thermodynamics. 
These courses may be sought in the major department 
or from the department of chemistry depending on the 
availability of personnel with adequate background. 
This brings the over-all role of chemistry to about what 


it was on a quantitative scale before. It is also hoped 
that by proper integration the efficiency of the use of 
time in the chemistry department can be improved, 
The basic science departments at R.P.I. already have 
a study project underway in this area. 

It will also be noted that additional time is available 
in this curriculum in an allotment of time to a minor 
field in which chemistry could also play a role for the 
scientifically oriented engineer. 

In the major field the perspective has been changed 
from one dominated essentially by development of 
various phases of technical detail to a sequence of basic 
principles fundamental in the development and use 
of metals and alloys. The first courses, as already 
pointed out, are an extrapolation from the foundation 
courses. Considerable emphasis is placed on integrated 
laboratory work, and details of applied work ar 
reserved until the senior year. Considerable assistance 
toward the success of such an approach will come 
generally from the basic science teachers, both in 
supplying the student perspective and in assisting hin 
to develop by ample use of inductive teaching tech- 
niques. 


TABLE 3 
Proposed Curriculum for Metallurgical Engineering at Rensselaer Polytechnic Institute 


5! HRS. 
FOUNDATION COURSES 


CHEMISTRY 
4-6 


GALGULUS I 
4-4 


PHYSICS 
2-2 


PHYSICS IZ 
4-6 


CALCULUS I 
4-4 


CHEMISTRY 
4-6 


IST YEAR 


9 HRS. 
HUMANITIES 


DRAWING 


DESGR. 
GEOM. 


EDUCATION 


=== 


CHEMISTRY CALCULUS 
4-6 3-3 


PHYSICS 
4-6 


CHEMISTRY 
4-6. 


ENG. MATH. 
3-3 


PHYSICS IZ 
4-6 


2ND YEAR 


METALL. 
LAB. 


2-6 


STATICS- STRENGTH 


ig 
4-4 os 


PHY SICAL 


PRINCIPLES 
OF METALLURGY 
4-6 


THERMO & R CHEM. 
OF METALS 
2X 3-3 


METALLURGY 
LABORATORY 
3-9 


DYNAMICS 
3-3 


3RD YEAR 


wo 


THEORY OF METALS 
(STRUCTURE & PROPERTIES) 
2 X 3-3 


TECH. ELECT. 
4-4 


METALLURGY 
LAB. 
3-9 


GEN. STUD. — 
3-3 


BEHAVIOR OF METALS 
(DIFFUSION KINETICS) 
2x 3-3 


THESIS OR 
LAB.. PROJ. 
3-9 


4-4 


4TH YEAR 


MINORS 
| 12 HRS. | 


TECH. ELECT. 


46 HRS. 
MAJOR FIELD GOURSES 
8 HRS. LAB. 


METALLURGICAL 


PROCESSES 
HUMANITIES 
24 HRS. 


4-4 


32 HRS. THEORY 
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THEMISTRY IN INDUSTRIAL METALLURGICAL 
INGINEERING 


To turn now briefly to a consideration of the role 


ady havell chemistry in industrial metallurgical engineering, 
7 t may be noted that the contribution here is also 
pavealal tensive. The areas in which it has been effective 
4 “me ea matter of record. A partial and by no means 
ve Tor theft plete list of these is shown in Table 4. 
| £ Chemistry in Industrial Practice of Metall 
2e of basic Engineering 
/ and us: 1. Winning of metals from ores 
s already 2. Calculation of furnace charges 
oundation 3. Refining and purifying metals 
; = 4, Deoxidation, desulfurization, etc., of molten metals 
integrated 5. Chemical analysis of alloys 

ist 7. Etching reagents and etching practice 
assistance 8. Surface cleaning of metal parts 
will come 9. Control of furnace atmospheres 
both in 10. e.£., ) 
we . 11. ution chemistry (extrapo to solid solutions 
isting him 12. Thermodynamic studies 
ung tech- 13. Reaction kinetics 
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Industrial practice of today is also showing an impact 
mn the future trends of both academic practice and 
dustrial needs. This is illustrated in the chart shown 
blow, showing the areas where such needs are focusing 
pttention. 

Metheds of material study, selection, and improve- 
nent formerly used by the metallurgist are already 
being used to a considerable degree in the engineering 


Metals 


A Ceramics and ceremets (physical 
phy 


chemists’ nightmare) 


(chemical purity) 


‘Polymers 


Industrial use 


/ 


development of plastics, ceramics, and semiconductors. 
In view of the many similarities between the basic 
principles of behavior of these materials, it may: well 
be that future trends will replace the metallurgical 
engineer with a new breed called something like a 
materials engineer. Such a development will certainly 
expand and increase the role of chemistry in this field. 

In conclusion, it may be well to emphasize three 
major points: 

(1) Chemistry is the major foundation science 
for metallurgical engineering, and special aspects of 
chemistry make up an important part of the major 
field study. 

(2) A new look is needed at the problems of inte- 
gration and perspective in the role that chemistry 
plays. This could very well start at the high school 
level. , 

(3) The impact of modern technological and in- 
dustrial development has made this field a bottleneck 
area. Present trends are changing the emphasis and 
making it mandatory that better use be made of its 
foundation in science. The chemistry teachers will 
play an important part in these developments. 


UD. 
a: 
> 
0.4 
10 the Editor: 
Sled A brief article, recently published in THIs JouRNAL, 
UD. — ht Teaching the Scientific Method in College General 
_ 5 hemistry' invited inquiries from readers. During the 
— x months’ period following publication 86 inquiries 
—— vere received. For the most part these inquiries were 
UD. ritten within a few days after the article was read, as 
= udged by the wording of the inquiries. If it is assumed 
hat this is true for every inquiry, the dates of the in- 
wuiries serve as a rough indication of the readership of 
lis JOURNAL as a function of time. 
me The data are plotted in the figure. Two points are 
vorth noting: As might be expected, there is an ap- 
—_ximately exponential decrease of readership in the 
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first few weeks after publication. This first group of 


readers, those who read the issue soon after publication, 


complete their reading in eight to ten weeks. However, 
there is a large group who continue to read THis JourR- 
NAL long after publication. The data collected indicate 
that the “half-life” of this latter group is greater than 
two years. 


Jay A. Youne 
Kine’s 
PENNSYLVANIA 


1 Youne, Jay A., J. Cuem. Epuc., 34, 238-9 (1957). 
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CHEMISTRY CREATES A NEW WORLD 


Bernard Jaffe. Thomas Y. Crowell Co., 
New York, 1957. xii +321 pp. 15.5 x 
22.5cm. $4.50. 


Tuis is a sound and highly readable re- 
port on a variety of relatively recent de- 
velopments in chemistry which are having 
or will have major effects upon food, 
clothing, shelter, and health and power 
for people over the world. These include: 
the discovery of new medicines such as 
the “sulfa’’ drugs and antibiotics; de- 
velopments of synthetic fertilizers and in- 
secticides for agricultural production of 
food; improvements in methods of pro- 
duction of steel and aluminum and mag- 
nesium, and of new metals such as ger- 
manium for transistors; chemicals from 
petroleum, and synthetic gasoline from 
coal; man-made rubbers; the discovery 
of new films and of silicone and fluoro- 
carbon plastics; ‘‘modern alchemy’ and 
new elements; and nuclear power as a 
new source of energy. 

The book is generally well prepared and 
well written. Individuals may differ with 
the author on some points, such as the 
relatively high emphasis on fibers‘in the 
field of plastics; but in general the cover- 
age is excellent. Few technical or typo- 
graphical errors were noted. 

Professor Glenn Seaborg has contrib- 
uted a thoughtful preface. The illus- 
trations are pen-and-ink drawings by Ava 
Morgan. In one or two instances, such as 
the “electron micrograph’? of tobacco 
mosaic¢ virus on p. 87, one cannot help but 
remember the striking photographs which 
are available; but in general the drawings 
are quite effective. They are carefully 
conceived and frequently imaginative. 

For chemists the chief criticism of the 
book is that it tells much of chemicals 
and people and industry and history, and 
only little of chemistry. This is, of course, 
the usual and very difficult problem in- 
herent in the writing of any book of this 


type (one for which no ready solution can | 


be suggested). The author has made 
more effort than most writers to give the 
nonchemist some insight into the science. 
There are three introductory chapters on 
the basic concepts and symbolism of 
chemistry and on some simple ‘kitchen’ 
chemistry. The discussions of some points 
such as that of the structure of the aro- 
matic ring and of atomic structure and the 
new elements include some reflection of 
the intellectual aspects of the science. 
Even so, the book is primarily a news re- 
port. It tells much more of the new 
world created by chemistry than it does of 
chemistry creating that world. 

The book is written primarily for non- 
chemists and can be highly recommended 
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to them. It will also make an effective 
addition to library shelves for beginning 
students and for courses for nontechnical 
students. Teachers, particularly in high 
school, will find it an excellent source book 
for information on recent and interesting 
developments in the field. 


ROBBIN C. ANDERSON 
University or Texas 
Austin, Texas 


SCIENTIFIC FRENCH 
William N. Locke. John Wiley & Sons, 


Inc., New York, 1957. x + 112 pp. 
13 X 17.5cm. $2.25. 


IN ELEVEN lessons and three appendixes 
Professor Locke offers a French-to- 
English road map for science and tech- 
nology. As Head of the Modern Lan- 
guages Department, Massachusetts In- 
stitute of Technology, he knows the road 
blocks and detours which plague degree 
candidates coming up for language ex- 
aminations. 

Very sensibly, Lesson 1 is on pronun- 
ciation, although the aim is to aid read- 
ing rather than speaking. Theirs not 
to reason why, readers of a foreign 
language can understand it better if they 
can mentally follow the pronunciation. 
Minor deviations cause no embarrassment, 
so this book seeks to teach approximate 
pronunciation, not elocution. 

The lessons are progressive, with no 
attempt to make the route to fluency in 
technical French look short or easy. But 
there is some encouragement in the 
reminder that French is a closer relative 
of English than is German or Russian, 
hence is easier to learn. Quite appropri- 
ately, all three appendixes deal with 
verbs. The student who conquers French 
verbs can say with Caesar veni, vidi, 
vincit. 

Tabulation of some language aspects is 
commendable; they would fill dreary 
pages of running text. One of the best 
is Table 4, showing from a count made 
in 400,000 words of technical French, 
that the French equivalents and combina- 
tions of and, the, and a few pronouns 
take up 20.5% of the wordage, and 61 
common words raise the count to 44.6%. 
The drudgery comes in mastering the 
other 55%. Locke leads the student into 
sentence structure, idiom, and other 
aspects of French usage through actual 
literature selections. Vocabulary mastery, 
he teaches, means to use the dictionary 
and read everlastingly. 


JULIAN F. SMITH 
COLLEGE 
Hickory, Nortu CARouina 


SCIENTIFIC GERMAN: A CONCISE 
DESCRIPTION OF THE STRUCTURAL 
ELEMENTS OF SCIENTIFIC AND 
TECHNICAL GERMAN 


George E. Condoyannis. John Wiley 
Sons, Inc., New York, 1957. 164 » 
13.5 X 17cm. $2.50. 


In spite of the relatively recent y; 
the number of German scientific ay 
technical publications now probably « 


Gmelin handbooks, the ability to res 
this mass of German material is a p 
cessity for even the young chemis 
The present book seeks to be of help t 
the student who needs to learn how 
read scientific German; speaking { 
language is of lesser importance. T! 
arrangement of the lessons in the book 
is logical, and the examples of senten 
construction, grammatical difficulties, ete, 
are well selected. The only point with 
which this reviewer would disagree with 
the author is in suggesting that in scie 
tific German fesistellen is more ofta 
correctly translated establish instead ¢ 
ascertain. 


T. E. R. SINGER 
New York, N. Y. 


PERSPECTIVES IN ORGANIC 
CHEMISTRY 


Edited by Sir Alexander Todd. Inte 
science Publishers, Inc., New York, 1956. 
x+527pp. 16 X 23.5cm. $7.50. 


THE book is dedicated to Sir Robert 
Robinson, D.M., F.R.S., on the occasio 
of his 70th birthday, as a tribute to one! 
the great masters of organic chemistr 
The volume is a collection of 18 essays 
covering subjects with which each autho 
is intimately associated. The essays 
not propose to present subjects in full de 
tail. Some historical background is i 
cluded in many of them. The princip 
objectives, however, are to give the readet 
clear and concise concepts of our presetl 
knowledge and the recent developments 
the special fields covered. Definitions 
theories, new tools and techniques, avd 
speculations for the future are included 

Structural formulas and selected rele 
ences are used quite freely. Subjet 
matter of each essay is presented ins 
logical and interesting manner. Tie 
reader frequently has a feeling o/ regr 
as he approaches the end of each story. 

The list of contributing authors * 
Linus Pauling, Paul D. Bartlett, Wil 
Baker, D. H. R. Barton, V. Prelog, A-! 


JOURNAL OF CHEMICAL EDUCATION 


Sta? 
Birch 
_W 
ME 
alte 
| 
1025 
5138 
TH 
. ceeds the prewar output. Combine 
with the pachydermatous Beilstein an 
rent 
a 
ial 
ully 
neta 
A 
iona 
rtie 
izat 
Orly 
era 
ine 
In 
hen 
he 
of ai 
he 
pnd 
pre: 
hys 
cri 
T 
ang 
t is 
i elia 
Any 


Birch, R. B. Woodward, Karl Ziegler, 
3 L. Hirst, Sir Alexander Todd, L. 
Ruzicka, C. W. Shoppee, E. Schlittler, 
_W. Cornforth, Karl Folkers, James 
valker, Holger Erdtman, and A. Bute- 
handt. 


GEORGE H. COLEMAN 
Wayne STATE UNIVERSITY ’ 
Detroit, MICHIGAN 


CONCISE MELINS HANDBUCH DER ANOR- 
UCTURAL ANISCHEN CHEMIE. SYSTEM 32: 
‘AND ZINK, SUPPLEMENT VOLUME 


dited by the Gmelin Institute under the 
Hirection of E. H. E. Pietsch. Eighth edi- 
ion. Verlag Chemie, GmbH, Weinheim 
Bergstrasse, Germany, 1956. xxxvi + 
025 pp. 191 figs. 17.5 x 25.5 cm. 
138. 


Tuis supplement volume presents the 


John Wiley 
37. 164 


ly recent 
scientific an 


literature on zinc which has appeared 
Beilstein afitom 1924 to 1949. The first volume of 
‘lity to * he eighth edition of the Gmelin Hand- 
ts book, published in 1924, treated the ele- 
me uel ent zine and its compounds and alloys. 
be of help t The length of this volume and the scope 
nf coverage make it impossible to comment 


n any detail on any one part of this work. 
n entirely new 136-page chapter has 
en added on the geochemistry of zinc, 
hich helps to clear up much controver- 
ial material on the origin of zine deposits. 
The metallurgy of zinc, 132 pages, is 
ully presented. Included are the proc- 
sses which precede the recovery of the 
metal itself, flotation, roasting, and the 
yroduction of pure zinc by electrolytic 
wrocesses. The preparation of the im- 
ortant zine salts is presented in 40 pages. 
A chapter, 124 pages, deals with the 
hysics of the hexagonal metal, the direc- 
ional effect and its influence on the prop- 
rties including deformation and recrystal- 
ization behavior. 
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E. R. SINGER 


(e The material on the electrochemical 
havior is very complete. It deals with 
normal potential values at different tem- 

Todd. Inte-Mperatures, the Leclanché and other pri- 

vy York, 195% elements, hydrogen and oxygen 

1. $7.50. bvervoltages on zinc and the behavior of 

Sir Robelameine a8 cathode and as anode in various 

lutions. An additional 49 pages are 

‘eda Hevoted to the electrodeposition of zinc. 

Inchided in the 68 pages devoted to the 

hemical behavior of zine is a discussion of 

he _Self-inflammability and explosivity 
he essays Wie. 22¢ dust, its behavior in different at- 
ots in full de hospheres in the presence of water, and 
he corrosive attack on zine by organic 

Phe princind and inorganic acids. 

ie seal Other subjects treated in this volume 

f our preset Are: alloys, surface treatment, zinc 10ns, 

elopmentsit physiological damages, detection and de- 

Definitions and finally a 255-page de- 


cription of zinc compounds. 

This volume is well written and ar- 
anged. By means of the 36-page index 
tis possible to turn quickly to any topic 
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ussed. It provides a complete and 
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GMELINS HANDBUCH DER ANOR- 
GANISCHEN CHEMIE. SYSTEM 28: 


Teil, A, Lieferung 2. LEighth edition. 
Edited by the Gmelin Institute under the 
direction of EF. H. E. Pietsch. Verlag 
Chemie, GmbH, Weinheim Bergstrasse, 
Germany, 1957. xii + 420 pp. 29 figs. 
17.5 X 25.5cm. $55.68. 


THE present section, A 2, dealing with 
the occurrence of calcium, elemental 
calcium and calcium alloys completes 
Part A of System Number 28. A 1 
giving the history of calcium was published 
in 1950, and B 1 dealing with the indus- 
trial manufacture and uses of calcium 
and its compounds was published in 1956. 
The final section of B, which will treat 
with the scientific findings relating to 
all calcium compounds in aqueous solu- 
tion, is now in preparation. 

The 313-page section on occurrence 
deals with the geochemistry of calcium 
and shows its wide distribution and its 
importance. Calcium has much to do 
with the chemical, physical, and biological 
behavior of soils. 

The industrially important deposits 
of calcium are discussed in the economic 
geography section. More than 25% of 
all known minerals contain considerable 
amounts of the element. 

The volume contains a chapter on the 
physiological hazards of calcium and its 
compounds and another on calcium alloys. 
When section B of the calcium volume is 
completed, a comprehensive, reliable, 
clear and systematic account of this im- 
portant element will be available. 


‘ ROY I. GRADY 
CoLLEGE or Wooster 
Wooster, On10 


COMPREHENSIVE INORGANIC CHEM- 
ISTRY. VOLUME 6: THE ALKALI 
METALS. HYDROGEN AND ITS 
ISOTOPES 


Edited by M. Cannon Sneed and Robert 
C. Brasted, University of Minnesota. D. 
Van Nostrand Co., Inc., Princeton, New 
Jersey, 1957. viii + 234 pp. Figs. and 
tables. 16 X 23.5cm. $6. 


THE PRESENT volume begins with a 
thoroughly satisfying survey of the de- 
scriptive chemistry of the alkali metals 
by John F. Suttle. Greater emphasis 
is placed upon the relationships of elec- 
tronic and structural properties to chem- 
ical behavior in this chapter than in its 
predecessors, and the resulting treatment 
of this group of elements is both scholarly 
and stimulating. The -study further de- 
parts from the general pattern of previous 
volumes with the more extensive use of 
thermochemical calculations or data, 
illustrative or necessary for the author’s 
arguments. 

Following an introduction concerned 
with the chemical and nuclear character- 
istics of the metals, the comparative 
chemistry and methods of preparation, 
as well as the properties of the principal 
compounds of the alkalies, are taken up. 


Generous inclusions of phase and solubility 
diagrams lend distinction. The chapter 
is concluded with a brief résumé of the 
analytical chemistry of the metal ions. 

The second chapter, a discussion of 
hydrogen and its isotopes, is a rather cu- 
rious mélange of material, some irrelevant, 
some outdated, and some beyond com- 
prehension. A few examples should 
suffice: One table (2.9, p. 212), a listing 
of ten maximum flame temperatures of 
various combinations of materials, lends 
nothing to the text subject of the reaction 
of hydrogen and oxygen and deals with 
hydrogen in only one case, the H. — F: 
temperature. The half-life of tritium 
is given as 31 years (12.46 y. is correct). 
Another table (2.4, p. 201) lacks an 
explanation of the data it contains. 

This series, aided in part by this volume, 
will serve as a source of collateral reading 
in advanced inorganic chemistry courses. 
The practicing chemist in need of general 
information about parts of the periodic 
table may profit from ready access to 
these volumes. 


EDWARD D. GOLDBERG 
Scripps lnsTiruTIoN OF OCEANOGRAPHY 
La CALIPORNIA 


A DICTIONARY OF SCIENTIFIC 
TERMS 


J. H. Kenneth. Sixth edition. D. Van 
Nostrand Co., Inc., Princeton, New Jersey, 
1957. xvi + 532 pp. 15.5 X 23 cm. 
$12.50. 


Tuts is the latest edition of the work 
originated by I. F. and W. D. Henderson 
for terms used in biological sciences. The 
chief areas covered are anatomy, botany, 
cytology, embryology, genetics, physiology, 
and zoology. 

For some 14,000 terms, ranging from 
abactinal to zymatic, there are included 
pronunciation, derivation, and a concise 
definition. In the main the spelling is 
that. used in Britain. American usage is 
not overlooked. 

This work should be in any chemical 
reference library which deals with the 
broad area of biochemistry. 


M. G. MELLON 
Purpve UNIVERSITY 
LaraYetTte, INDIANA 


MICRORECORDING: INDUSTRIAL AND 
LIBRARY APPLICATIONS 


C. M. Lewis, Chief Librarian, New York 
Times, and W. H. Offenhauser, Jr., 
Interscience Publishers, Inc., New York, 
1956. xi + 456 pp. 16 X 23.5 cm. 
$8.50. 


Tue preface says this book is intended 
to fill the needs of technical and nontech- 
nical people alike. Accordingly, produc- 
tion aspects are presented broadly, not 
in detail. Uses and the problems of 
users get the full treatment. So, after 
discussing why people retain records, 
a whole chapter is devoted to the business 
and legal aspects of how to keep them. 
Microcopies enjoy the same copyright 
protection as originals; and a work issued 
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solely as a microrecord is equally eligible 
for protection. 

A chapter on laying out a microrecording 
program is followed by five chapters on 
methods and equipment for making, en- 
larging, and reading all forms of micro- 
records. Chapter 9, Information Classi- 
fication and Retrieval, is an intentional 
side excursion for bringing into perspec- 
tive the actual and potential functions of 
microrecords - in technical information 
service, even to controls for security- 
classified documents. 


Finally, Chapter 10, Storage, considers © 


both the long future view and the ever- 
present hazards of climate, natural and 
man-made disasters, and war. The book 
might survive an appendectomy, but it 
would be super-major surgery. After 
Appendixes A to I, the reader is a bit 
jolted to find that the next title is not 
“Appendix J’ but “Index.’’ Chapter 
7 even has an appendix of its own. But 
separation from the main text adds ease 
of use to the unquestioned utility of these 
appendixes. 

The index seems adequate and well 
done. Bibliographically the book is weak, 
qualitatively if not quantitatively. Ap- 
pendix I, Selected References, offers only 
17 entries. Chapters properly have their 
own bibliographies, with apparently ran- 
dom arrangement in each and no guides 
in the text to the arrangement. Many 
references are scattered as footnotes 
and do not appear in the bibliographies 
at all. Systematic treatment of ref- 
erences, all as footnotes or all as chapter 
bibliographies or all as one final bibliog- 
raphy but with some guidance in any 
case, would be a useful improvement 
in any forthcoming edition. 


JULIAN F. SMITH 
Lenorr-Ruyne 
Hickory, Nortu Caro.ina 


QUANTITATIVE INORGANIC 
ANALYSIS 


G. Charlot and Denise Bézier, Ecole 
Supérieure de Physique et de Chimie 
industrielles de Paris. Translated by R. 
C. Murray. John Wiley & Sons, Inc., 
New York, 1957. x + 691 pp. 211 
figs. 17 tables. $15. 


Tue translation, clearly written, is 
from the third French edition (1955). 
The book deals with the entire field of 
quantitative inorganic analysis, including 
gravimetry,  titrimetry, 
methods, micro and semimicro methods, 
trace analysis, gas analysis, various meth- 
ods of separation, and determinations of 
the 65 principal elements, With such 
broad coverage a complete presentation 
in one volume is of course not possible, 
but the authors have done remarkably 
well in bringing together and organizing 
a large amount of important material in 
this field. 

The book has two main parts. Part I 
(319 pages) is titled General Methods of 
Analysis, and consists of 33 chapters, 
most of which describe the types of chemi- 
cal and physiochemical analyses in use 
today. A theoretical background for the 
various divisions of the subject is very 
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basically and solidly presented, starting 
with a chapter on precision of measure- 
ments and use of statistical methods, and 
continuing throughout the first part of the 
book. Three chapters deal with types of 
separation, one with sampling, one with 
dissolution and one with mineralization. 

Part II (318 pages) presents methods 
for determining the 65 principal elements 
and many of their compounds. The 
authors have managed to give significant 
information on over ‘a thousand different 
methods, together with one or more litera- 
ture references to each. As an example, 
under analytical methods for iron are 
given 10 separations, 15 titrimetry proc- 
esses, 2 potentiometric methods, 1 gravi- 
metric method, 8 colorimetric methods, 
and a séction on dissolution of iron com- 
pounds and alloys. Because of the large 
number of methods there is but little 
space for each, sometimes only a sentence 
or two, yet the reader is able to gain key 
information from this and from the ac- 
companying references. 

The appendix contains 100 common 
analytical conversion (gravimetric) factors 
but no logarithm tables, a specific gravity 
table (18 concentrated reagent solutions) 
an atomic weight table, and a section on 
literature sources. 

Because of its size, and the large amount 
of material it contains, most college teach- 
ers will probably classify this book as a 
reference rather than as a text, and yet if 
an instructor feels that his students will 
benefit by having this extra information 
available to them, the book might serve 
very well as a text. It should be of con- 
siderable value as a reference to industrial 
analytical chemists. 


Vv. R. DAMERELL 
WesTERN RESERVE UNIVERSITY 
CLEVELAND, OHIO 


CHEMISTRY IN THE SERVICE OF MAN 


Alexander Findlay, Emeritus Professor 
of Chemistry, University of Aberdeen. 
Eighth edition. Longmans, Green and 
Co., New York, 1957. xx + 326 pp. 
29 figs. 36 plates. 14 X 22cm. $4.75. 


Tue first edition (1916) of this book 
was based on lectures delivered at Aber- 
deen in 1915; the seventh was published 
ten years ago. The author has been 
keenly aware of the need that the public 
appreciate the contributions of chemistry 
to agriculture, to the manufacturing 
industries, to the comfort and health of 
the people. This need is perhaps less 
urgent today than it was 40 years ago, for 
examples of chemistry in the service of 
Man are now continually brought to the 
attention of the lay public in newspapers, 
Magazines, and in advertisements in 
print, and by radio or television. 

“Chemistry in the Service of Man’’ is 
intended to “appeal to the imagination 
and interest of the general mass of the 
population.” It displays many applica- 
tions of chemistry. It is not a textbook, 
but a book about chemistry for the lay 
reader. The lay reader, however, will 
understand this book better if he already 
knows some chemistry. It makes interest- 


* this need of 40 years ago has 


ing reading, but is not instruction j 
chemistry. In the reviewer’s opinio, 
been supe, 
seded by a greater need, that the |, 
public understand better the methods ,j 
chemistry, how the science has develope 


service to man. 

But it is true that this was not, the ain 
to which the author addressed himsg 
He has written in a lively, delightful, an 
informative style of the ways in whic 
chemistry can and has contributed to th 
welfare of mankind, of its value in & 
veloping the mind and in understandix 
this universe. In the final paragr:ph bk 
writes “If I have written well and to th 
point in my story, this is what I mys¢ 
desired.”” He has accomplished what ly 
desired, and many readers of this book, i) 
its eight editions, have had much pleasur 
from it. 


WALTER B. KEIGHTOx 
SwaRTHMORE COLLEGE 
SwaRTHMORE, PENNSYLVANIA 


ORGANIC REACTIONS. VOLUME II 


Roger Adams, University of Illinois, Ki. 
tor-in-Chief. John Wiley & Sons, Inc, 
New York, 1957. viii + 468 pp. & 
tables. 15.5 X 23.5cm. $12.50. 


Tuis is the ninth volume of the wel- 
known series dealing comprehensively with 
selected organic reactions. The quality 
and usefulness established by the previow 
volumes have been maintained. 


Ketones with Sodium Amide. The Halle- 
Bauer Reaction, by K. E. Hamlin ani 
Arthur W. Weston; 36 pages, 96 re: 
erences, 18 pages of tables. 

(2) The Gattermann Synthesis of Alde 
hydes, by William E. Truce; 36 pages, Ill! 
references, 14 pages of tables. 

(3) The Baeyer-Villiger Oxidation 0 
Aldehydes and Ketones, by C. H. Hassall 
34 pages, 164 references, 11 pages 0 
tables. 

(4) The Alkylation of Esters and \- 
triles, by Arthur C. Cope, H. L. Homes 
and Herbert O. House; 225 pages, 108) 
references, 158 pages of tables. 

(5) The Reaction of Halogens with Si: 
ver Salts of Carboxylic Acids, by C. \ 
Wilson; 56 pages, 108 references, 25 page 
of tables. 

(6) The Synthesis of 6-Lactams, by 
John C. Sheehan and Elias J. Corey; 2! 
pages, 43 references, 3 pages of tables. 

(7) The Pschorr Synthesis and [elated 
Diazonium Ring Closure Reactions, bY 
DeLos F. DeTar; 54 pages, 225 references, 
20 pages of tables. 

Most of the chapters review the liter- 
ture through 1953, although a few impor 
tant references of more recent date have 
been included. Professor DeTar is co 
gratulated for covering the literatur 
through June, 1956. 

In keeping with the trend of the times 
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Ow arguments are often the most interesting, largeiy 
because they remain unsettled. This certainly is true of 
the one which usually flares up when the content of the 
college general chemistry course is being discussed. 
Advocates of a “theoretical” approach look with dismay 
on the views of those who hold out for more “‘descrip- 
tive’ information. This is not new to these pages. 
(See, for example, 33, 361, 390, 391 (1956).) Rather 
than attempt to settle it, we are glad to keep it going— 
not in the expectation that the advocates of either view 
will convince their adversaries, but rather because re- 
examination of convictions and implementing action 
usually result in improvements in all courses. 

Many who are giving the quizzical eye to chemistry 
curricula (and seldom do we meet teaching chemists 
who are not doing so these days) find themselves right 
in the thick of the argument. Especially is this true 
when, because of limitations of staff and facilities, only 
one course can be offered to meet the needs of all be- 
ginning college students. Such a course truly has to be 
general chemistry. It must serve as a first course 
toward the Ph.D. for chemistry majors and at the same 
time supply to the much larger number of students who 
will have other college specialties their only direct 
acquaintance with the organized knowledge of the sub- 
ject. 

This situation promoted a letter from Professor W. 
E. MiItuer of the City College of New York in which 
his remarks are addressed to the theme, “On the 
Disappearance of Chemistry” : 


Since the discovery of nuclear fission, chemists have taken it 
upon themselves to teach the details of nuclear phenomena. 
Whole chapters in modern texts are devoted to this subject and 
include the topics fission, fusion, mass defect, binding energy, etc. 
Is nuclear science chemistry? That it is a most romantic and 
interesting topic, as compared with the duller descriptive chem- 
istry, cannot be denied. But is this a valid reason for its presence 
in the chemical domain? Certainly nucleonics involves chemical 
species, but so do most other material phenomena. 
into the building of a home, but we would no more teach struc- 
tural design in a chemistry course than we would the Pelopon- 
nesian War. Is chemistry so poor in content that it must borrow 
subject matter from other fields? Let us return to the teaching 
of chemistry and properly leave other domains to other custodians! 

The point is that the overloading of the chemical curriculum 
with theoretical matter necessitates the elimination of other 


Chemicals go. 


What goes? 


By no means 
should the study of theory be minimized. Theory essential to 
chemical understanding must be included, but the extent of detail 
should be carefully scrutinized, and theory cannot remain unre- 
lated to practical application. 

A chemistry major in the usual four-year curriculum will get 
much of the descriptive chemistry formerly found in the general 


material. Descriptive chemistry! 


course. It can be argued that in his first course he needs a 
thorough grounding in basic theory. But should it be this small 
minority which dictates the content of the course or should it be 
the great majority of those chemistry students whom we may call 
“citizen chemists’’! If these students do not learn the elements 
of descriptive chemistry in the course of a single year, what 
further opportunity will there be? It is essential for an intelli- 
gent citizenry to be conversant with the descriptive world of 
chemistry. Indeed it is probably these “citizen chemists’’ who 
will some day financially dictate the avenues of scientific re- 
search. To lay the groundwork for well-informed decisions they 
should be made cognizant of the chemical world about them. 
The interest to read and the background to interpret correctly 
such newspaper stories as one about off-shore deposits of sulfur 
should be a benefit derived from taking the general chemistry 
course. By contrast, a knowledge of s, p, d, and f orbitals is 
hardly necessary for trying to answer political questions concern- 
ing natural resources. 


We quote, not because we subscribe wholeheartedly 
to Dr. Miller’s views, but because we think the argu- 
ment is important and one which should catalyze care- 
ful thinking. (We invite letters.) 

Chemistry courses are planned by chemists. Some- 
times the content gets out of balance when their pre- 
deliction for a theoretical approach is either an un- 
conscious influence or wishful thinking rather than con- 
sidered judgment. However, we think it is most im- 
portant that the present-day student participate in a 
course which accurately reflects the way a present-day 
chemist thinks. Modern science strives to lower the 
level of its empiricism by trying not to allow “descrip- 
tive” information to stand alone without the support of 
correlating theoretical interpretation. 

The crucial point seems to us to be not so much the 
choice from among the many topics which are “chem- 
istry’’ as it is the pertinence to each other of the theories 
and descriptive information which the student is ex- 
pected to master. If this interdependence goes un- 
appreciated, we should indeed be concerned about the 
disappearance of chemistry. 
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Symposium on Chemistry of the Sea 


A SHORT HISTORY OF OCEANOGRAPHY 
WITH EMPHASIS ON THE ROLE PLAYED 


BY CHEMISTRY’ 


T ue seas and oceans of the world have played a major 
role in the history of human endeavor and achievement. 
Contemplation of the wonders and mysteries of the 
sea have intrigued the thoughtful mind from the earliest 
times. Some of the classics of literature of many lands 
are sagas of the seas. 

Three general objectives had to be realized before 
the full exploitation of the seas, either economically 
or scientifically, was possible. These three objectives 
were: (1) the construction of suitable ships to permit 
safe transportation, (2) the invention of navigational 
aids and equipment which would enable a mariner to 
chart and maintain his course and to ascertain his 
location at sea, and (3) the exploring and charting of 
the oceans and seas of the world. The development of 
each one of these objectives stretched over many 
centuries, and the evolution of each reflected the result 
of knowledge gained at sea. Some of this knowledge 
became an essential part of the science of oceanography. 

The development of different types and character- 
istics of ships in various regions of the world and the 
general evolution of ship design through the ages 
demonstrate how some of this knowledge was applied. 
The acquisition and use of astronomical information 
and data, the invention of the compass, the sextant, 
and the chronometer were fundamental for navigation 
and the determination of exact location at sea. 

The extension of geographic knowledge of the 
western world began with the voyages of the ancient 
peoples who inhabited the shores of the eastern Medi- 
terranean Sea and culminated in the voyages of the 
great discoverers, from Christopher Columbus to 
Captain James Cook. Mention should also be made 
of the important navigational and oceanographic 
knowledge possessed by the peoples of Polynesia. 
Only recently has the western world come to appreciate 
the profound knowledge these people possessed of the 
characteristics of the sea, for without compass, they 
made voyages over the vast areas of the Pacific. The 


! Presented as part of the Symposium on Chemistry of the Sea 
before the Division of Chemical Education at the 131st Meeting 
of the American Chemical Society, Miami, April, 1957. Contri- 
bution No. 215 of the Department of Oceanography, University 
of Washington. 
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famous voyage of the Maoris of some 2500 miles to 
New Zealand in a.p. 1350, and their prior voyages 
between small islands hundreds of miles apart, dwarf 
in some respects the voyages of Columbus nearly 150 
years later. 

The contribution of an oceanographer to the science 
of the sea is invariably closely related to his training 


- and experience in one of the basic sciences in which he 


is also more or less of a specialist. He will often de- 
scribe his activities in oceanography in relation to his 
basic specialty, such as physical oceanography, chem- 
ical oceanography, biological oceanography or marine 
geology. In presenting this paper, emphasis will be 
given largely to the role played by chemistry in the 
general development of oceanography. 

Chemists concerned with the study of the seas are 
interested in the nature and concentration of the many 
constituents comprising sea water; the composition 
of the sea floor; and the numerous chemical reactions 
taking place within the sea, on the sea floor, and at the 
surface of the ocean as a result of contact with the 
atmosphere. Among a few of the other problems that 
engage their interest are: (1) the effect of changes in 
temperature, pressure, and concentration of dissolved 
salts upon the physical properties of sea water; (2) the 
study of the mechanisms that enable marine plants and 
animals to select and concentrate within their structure 
elements that exist only in minute traces in sea water; 
(3) investigations of the cycles of the different elements 
of constituent in the general economy of the sea; 
(4) the study of changes that may have taken place 
in the oceans or the sea floor during geologic time; 
(5) the recovery of chemicals and products of econon.ic 
importance from the waters of the ocean and from 
marine organisms; (6) the effects of pollution of hir- 
bors, estuaries, and even the oceans themselves; aid 
(7) the investigation of the corrosion of metals aid 
other materials when exposed to marine conditions. 

In order to comprehend the extent and nature of t/ie 
oceans, a few elementary facts may be mentioned: 
70.8% of the area of the planet is covered by thie 
waters of the seas and oceans, 80.9% of the southern 
hemisphere is salt water, and 60.7% of the northern 
hemisphere is salt water. The oceans, including t'e 
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seas, have an average depth of 2.3 miles. Should all 
the areas now land be moved into the ocean depths, 
and should the ocean depth be made uniform over 
the planet, there would be nearly one and one-half 
miles of water over the entire face of the earth, and if 
water were absolutely noncompressible, sea level 
would be about 90 feet higher than it is. If all the 


salts in solution were removed and placed into one pile, 
a inass approximating the size of the African continent 
would result. 


SALT IN THE SEA 


The saltiness of the sea aroused the curiosity of the 
ancient philosophers. They attributed the saltiness 
to the action of the sun; in other words, the sun pro- 
duced salt. This conclusion seemed logical because 
se: Water, when placed in a shallow pan and exposed 
for some time to the sun, would disappear and crystals 
of salt would form. From this they reasoned that the 
water below the surface of the sea was composed of 
fresh water. 

Salt, or sodium chloride, was a highly prized com- 
modity of the ancient world. The height of hospitality 
was to offer a visitor or wayfarer salt. On festive 
occasions, the persons of highest rank always sat nearest 
to the vessel or dish containing the salt. Many super- 
stitions centered around the use and handling of salt. 
Salt was often used as a medium of exchange. The 
soldiers of the Roman Legion were often paid in salt, 
hence our word salary. This ancient custom of re- 
muneration with salt existed to our own times, as the 
Italians discovered when they conquered Ethiopia. 
In the more remote regions of this country, the Italians 
attempted to pay the native laborers with Italian lira. 
The money was refused. However, workers were 
readily secured when offered discs made of sodium 
chloride. 

Salt is absolutely essential for all animal life. It is 
also one of the five basic raw materials of our modern 
civilization. These five materials are air, water, coal 
or oil, sulfur, and salt. Each one of these materials is 
involved in everything produced or manufactured. 

The production of sodium chloride from the sea is 
the oldest of all chemical industries, and ancient 
people living by the sea engaged in its recovery. This 
was a relatively simple process for people living in arid 
or semi-arid regions, as the sea water was conducted 
into basins and allowed to evaporate. In other regions, 
evaporation was not possible. Julius Caesar described 
the method used by the ancient people of Britain, 
who built fires of charcoal and then poured the sea 
water, or brine, on the fire and recovered the small 
particles of salt formed on the quenched charcoal. 
Names of many localities in England are an indication 
of the antiquity of the salt industry, as the suffix 


wich (as in Norwich, Sandwich, Harwich) designated 


a place where salt could be dug or bay salt obtained. 
A salt forest was one that provided wood for making 
the charcoal. Suffixes equivalent to wich are found 
in all the languages of northern Europe. From pre- 
historie times the Scandinavians prepared salt by 
permitting the sea water to freeze and removing the ice 
as it formed. The resulting brine was then thrown on 
charcoal fires and the salt crystals were removed. 

{t might be of interest to note another ancient chem- 
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ical industry that had its origin in the sea, namely the 
preparation of dibromoindigo. This industry appears 
to have had its origin in ancient Crete, but it was later 
highly developed by the Phoenicians. Dibromoindigo 
is a dye imparting a magnificent purple color to cloth 
and was known as the purple of Tyre, or Tyrian purple. 
It became a famous and important article of Phoeni- 
cians’ commerce. The dye was extracted from a 
small gastropod, and an enormous quantity of these 
organisms was required to yield a small amount of dye. 


ROBERT BOYLE 


The father of modern chemical oceanography may 
be said to be Robert Boyle—the same Boyle known to 
students of science for the law which states that the 
volume of a gas varies inversely as the pressure, tem- 
perature remaining constant. About 1670, Boyle 
published a remarkable treatise entitled ‘““C bservations 
and Experiments on the Saltness of the Sea.” Boyle 
conducted a number of experiments on sea water 
and gathered, through interviews, much information 
from mariners and divers. He devised the first chem- 
ical test for salt water, adding silver nitrate to a sample 
of water. A heavy white precipitate was produced. 
He also took samples of London pump waters and 
water collected from English rivers and lakes. None 
of these waters gave a dense white precipitate, but all 
produced a faint white cloud, indicating a trace of salt. 
Boyle concluded that all fresh waters contained a 
small quantity of salt, that the salt of the sea resulted 
from leachings from the land, and that the accumula- 
tion of these leachings in the sea produced saltiness. 
Boyle believed he could measure the concentration of 
the salt in a given volume of sea water by allowing the 
water to evaporate in a weighed dish and weighing the 
dish again after the water had been expelled. This 
seemed like a simple and logical method, yet with 
numerous repetitions, using the same sample of sea 
water, he could seldom get results that agreed. He 
correctly concluded that this method was undesirable 
as a measure of the concentration of salts in the water. 
Boyle made many specific gravity determinations of 
sea water, and from these he concluded that it was most 
desirable to express saltiness by this means. He knew 
that the saltiness varied with geographic location, as 
his maritime friends had told him that their vessels 
would float at different heights in different regions of 
the world. These friends had also told him of their 
method for cooling their wines by lowering the wine 
bottles some distance below the surface, and one told 
of how the cork had even been forced into the bottle 
when it had been lowered to a considerable depth. 
As a result of this information, Boyle and his assistant 
devised a method for measuring the pressure of water 
exerted at different depths. Boyle also collected con- 
siderable information on the temperature of the sea 
at various depths and had divers collect samples of 
water for him. From these studies he concluded that 
the temperature of the water decreased with depth and 
the saltiness increased. However, he noted that the 
salt content of sea water at several depths off the 
British Isles was relatively uniform. Boyle also 
postulated that the floors of the oceans were very ir- 
regular, that the tranquility of the seas increased with 
depth, that the effect of tidal phenomena on abyssal 


waters was questionable, and that occasionally in 
‘swiftly moving waters, in narrow channels, the direc- 
tion of the surface current would be the reverse of 
that of the current near the bottom of the channel. 

Boyle’s assistant was Robert Hooke, who later 
became a famous experimental philosopher himself 
and is known to students of science for the law bearing 
his name, namely, that in the small strains on elastic 
bodies the stress is proportional to the strain. Hooke 
devised apparatus for sampling water from great 
depths which in principle is the same as used today, 
and he invented several pieces of equipment for measur- 
ing depth and for securing bottom samples. 


OBSERVATIONS IN THE EIGHTEENTH AND NINE- 
TEENTH CENTURIES 


About a century after Boyle, Benjamin Franklin 
paid considerable attention to oceanography and, un- 
like Boyle, carried out numerous experiments while at 
sea. Franklin, from information obtained from New 
England whalers, called attention to the Gulf Stream, 
the warmth of its waters, the direction of flow, and he 
also plotted the current. He demonstrated that the 
thermometer could be employed as a useful navigational 
instrument, theorized considerably on the construction 
of the hulls of vessels, size and number of sails a vessel 
should carry, performed experiments on the use of oil 
as a means for quieting the seas, discovered one of the 
basic laws of hydrodynamics by noting that a vessel 
moved easier in deep water than in shallow water, in- 
vented the sea anchor,’ correctly explained the cause 
of phosphorescence in the sea, and advocated the pro- 
pulsion of vessels by pumping water from the stern 
of the vessel. Franklin disagreed with Boyle as to 
the origin of the saltiness of the sea; he maintained 
that the seas had always been salty. 

The famous voyage of the Beagle, the laying of the 
Atlantic cable, and the classical work of Mathew 
Fontaine Maury, one of the outstanding American 
scientists of the nineteenth century, did much to in- 
tensify the interest of the scientific world in the study 
of the oceans and seas. The interest of the British 
scientists led to one of the greatest scientific expeditions 
of all time, the Challenger expedition. The results of 
this expedition, physical, chemical, biological, and 
geological, are recorded in some twenty large volumes. 

The immediate interest of this expedition to chemists 
is the report of the Scottish chemist, W. Dittmar of 
the University of Edinburgh. Dittmar made extensive 
analyses of 77 samples of sea water collected by the 
Challenger from various depths of all oceans. Like 
Boyle, he pointed out the impossibility of ascertaining 
the total weight of salt by evaporating the water and 
weighing the residues. 

Dittmar made an exhaustive study of the work that 
had been done on the chemistry of the sea, listing all 
the elements that had been found by previous investi- 
gators in sea water, marine organisms, and boiler scales 
of vessels. It was his opinion, as the result of this 
review, that probably no element is entirely absent 
from sea water. Because of the limited volumes of the 
samples supplied him, he confirmed his investigations 


2 The method of using the sea anchor in strong head winds 
was known to the Maoris centuries before Franklin, according to 
statement of Elsdon Best in his book “The Maori as He Was.” 
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to the major constituents of sea water. He demon- 
strated that, regardless of depth or geographical lova- 
tion, the ratio of any one of the major constituents in 
respect to the others was a constant. 

It may be postulated that sea water is of const: nt 
composition as far as the major constituents of ea 
water are concerned and that the nature of the wa er 
varies only as to the degree of the dilution. Knowing 
the consideration of any one of the substances at a giv en 
dilution, the concentration of all the others may be \J- 
culated. 

Furthermore, the physical properties of sea wa'er 
are a function of concentration, temperature, and pres- 
sure. Knowing the chlorinity or salinity, the modern 
oceanographer, by reference to tables, can ascert:in 
the physical condition of a particular water at different 
temperatures and pressures. 

Any changes in the concentration of the major con- 
stituents of sea water of a given chlorinity would 
generally occur in quantities measurable only by a 
fraction of a milligram. Because of the large amount 
of the major constituent already present, an analytical 
method with a precision of about 0.01% to 0.001% 
would be required to measure this minute change. 
However, with the minor and trace constituents, a 
change of the magnitude mentioned can be ascertained 
with ease, because the change is relatively large in 
respect to the mass normally present. 

In Table 1 are given the concentrations of the various 
constituents of sea water calculated as grams, milli- 
grams, or micrograms of constituents per kilogram of 
sea water, and as gram atoms or milligram atoms per 
kilogram. The third and fourth columns of the table 
give factors which, when multiplied by the chlorinity 
of any sample of sea water, wiil give the concentration 
of any particular constituent as grams per kilo of water, 
if the factor in the third column is used; and as gram 
atoms if the factor in the fourth column is employed. 


SALINITY, CHLORINITY, AND CHLOROSITY 


Just before the turn of the century, scientists from 
countries bordering on the North Sea, who were in- 
terested in various phases of oceanography, met in 
Stockholm. From this meeting there evolved an 
organization known as the Conseil Permanent Inter- 
national pour L’Exploration de la Mer. The Council 
agreed early upon a system of standardization for ex- 
pressing the concentration of sea water. Boyle had 
devised a test for measuring saltiness by adding silver 
nitrate to samples of sea water, which in reality tested 
for the halides present. This method of measuring the 
total halides, having been modernized by Mohr and 
later by Volhardt, can be accomplished with ease and 
with marked precision and accuracy. Accordingly, 
the term chlorinity was invented and defined as a 
measure of the total halides, calculated as chlorides, 
in a kilogram of sea water. However, some scientis’s, 
particularly the biologists, insisted that it was essential 
to know the concentration of total salts. Chemi-is 
since Boyle had pointed out the difficulties involved 
in such a determination because of the multiplicity of 
hydrates that may be formed and the chemical re:i:- 
tions that take place when water is evaporated. A 
means of indicating the quantities of total salt, termed 
salinity, was finally agreed upon. The salinity was 
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defined as the concentration of salts present in a 


kilogram of sea water when all the halides had been 
converted to chlorides, and carbonates and bicarbonates 
converted to oxides, all organic matter completely 
destroyed, and the entire mass heated to a temperature 
of 150°C. for seventy-two hours in order to obtain con- 
stant weight. 

With such a definition, the salinity was directly re- 
lated to the chlorinity. Upon the recommendations 
of the International Union of Geodesy and Geophysics, 
the term ‘‘chlorinity” was redefined in 1939 in reference 
to a given weight of ultra pure silver, making the stand- 
ard water independent of changes in atomic weights. 
If the chlorinity is multiplied by the specific gravity of 
the sea water at 20°C., the value obtained is known as 
the chlorosity of the water and is designated by the 
symbol Cl.. By multiplying the chlorosity by the 
ratio factors shown in Table 1, the concentration of 
the several constituents of sea water may be expressed 
as grams or gram atoms per liter of water at 20°C. 

The Hydrographical Laboratories of Copenhagen 
are charged with the preparation and dispensing of 
the standard water to all oceanographers throughout 
the world for the standardization of their respective 
solutions. This leads to a very uniform world-wide 
system of reporting fundamental data and makes all 
results readily comparable. During both World Wars, 
especially World War II, it was impossible to secure 
the Copenhagen water. Each group of the warring 
nationals prepared their own standards, based on what- 
ever Copenhagen water was available. However, 


TABLE 1 
Concentration of Constituents in a Kilogram of Sea Water, 
19.00% Cl 


Constituent / 
chlorinity ratio 
Gram Gram 
atoms Gram/ atom/ 


Grams or moles C1I% 6 Cl%o 


Major Constituents (measurable as grams) 


Chloride, Cl~ 18.980 0.5353 0.9989 0.02817 
Sodium, Nat 10.560 0.459 0.5556 0.0241 
Magnesium, Mgt+* 1.273 0.0523 0.0670 0.00275 
Sulfate, SO,-- 2.649 0.0276 0.1394 0.00145 
Calcium, Ca** 0.4104 0.01026 0.0216 0.00054 
Potassium, K+ 0.3800 0.00097 0.0200 0.00051 
Minor Constituents (measurable as milligrams) 
Milligram 
Milligram atoms 
Carbon (existing as HCO;~ 
or 28 .00 2.33 
Bromide, Br- 65.9 0.824 
Strontium, Sr++ 06 0.092 
Boron (existing as H;BO;) .58 0.424 


Silicon (existing as silicate) 

Fluorine 

Nitrogen (existing as nitrate) 

Aluminum, 

Rubidium, Rbt+ 

Lithium, 

Phosphorus (existing as phos- 
phate) 0.001-0.1 


Trace Elements (measurable in quantities from 50 to 1 microgram) 
Barium, iodine, arsenic, iron, manganese, copper, zinc, lead, 

selenium, caesium, uranium. 

Trace Elements (measurable in quantities less than 1 microgram) 


Molybdenum, thorium, cerium, silver, vanadium, lanthanum, 
yttrium, nickel, scandium, cobalt. Cadmium, mercury, gold, 
tin, chromium, radium. 


CHD 
wa 
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as soon as hostilities ceased and communication was 
again possible, the various standards were checked to 
ascertain any necessary corrections that should be 
made. 


LIFE IN THE SEA 


In the life cycle of terrestrial organisms, terrestrial 
plants are dependent upon a supply of fresh water, 
the carbon dioxide in the atmosphere, solar energy, 
and the nutrient material in the soil. This nutrient 
material consists of phosphates, nitrates, ammonia, 
potassium, silicates, calcium, sulfates, and numerous 
trace elements. Terrestrial animals, in order to exist, 
feed upon this vegetation, require water, and often 
prey on other animals. The breath of life is provided 
by the oxygen of the atmosphere. Plants and animals 
die, and in their decay the soil is enriched to provide 
nutrients for plants that are yet to be, which will 
supply food for animals yet to be born. In furthering 
this life process, chemistry has played a most important 
role by increasing the productivity of the land. Biology 
has likewise done much to make possible better plants 
and animals. 

The sea is like the land. Vast expanses of ocean 
water contain a great variety of plants, many of them 
microscopic in nature which are suspended in the water 
and referred to as phytoplankton. The shallow por- 
tions of the sea floor also support an abundant marine 
vegetation. Animals of the sea graze upon the phyto- 
plankton. Many of these animals are likewise micro- 
scopic and some are larval forms of large animals. 
These rather passively floating organisms are known 
collectively as zooplankton. Larger animals feed 
upon the smaller ones. Like the terrestrial plants, 
vegetation of the sea is dependent for growth on solar 
energy and so marine vegetation exists only to the 
depths at which sunlight will penetrate. The carbon 
dioxide, instead of being utilized from the atmosphere, 
is available in solution in the waters. All the nutrient 
chemicals required for growth, instead of being in the 
soil, are in solution. 

As the result of photosynthesis, the sea plants lib- 
erate oxygen which dissolves in water. The animals 
of the sea, with the exception of the marine mammals, 
depend upon dissolved oxygen. The marine organisms 
die, sink, and in the process of decay the bottom waters 
are enriched with nutrients. In various sections of the 
oceans, and particularly along some coastal areas, these 
abyssal waters, high in the concentration of nutrients, 
are upwelled and enrich the waters near to the surface, 
providing a fertile region in which plants may grow. 
Little has been done chemically to increase the pro- 
ductivity of the sea. However, important biological 
investigations have led to the writing of numerous in- 
ternational treaties. The purpose of these treaties 
has been to conserve fish and marine mammals of 
economic importance by regulating the numbers cap- 
tured and methods of capture, or limiting the areas of 
operation. 


RESERVOIR OF RAW MATERIALS 


The oceans and seas are vast reservoirs of raw ma- 
terials. Future generations will depend far more than 
we do on the plants and animals of the sea as a source 
of food. The so-called seaweeds, while containing car- 
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_bohydrates and proteins in concentrations less than 
terrestrial plants, are rich in many vitamins and all 
of the trace elements that appear to be important to 
nutrition. Great quantities of seaweed are consumed 
in the Orient as part of the normal diet, but people of 
the western world’ spurn this type of food. 

By reference to Table 1, it will be observed that 
bromine and magnesium ions exist in sea water in con- 
centrations very much less than the chloride or sodium 
ions. Within the past quarter of a century economical 
processes have been developed for the recovery of bro- 
mine and magnesium from sea water. These processes 
are spectacular from the viewpoint of the vast quanti- 
ties of raw material that must be handled and the unique 
application of simple chemical and engineering prin- 
ciples by the chemical engineer. At the University of 
Washington, Dr. R. W. Moulton of the Chemical 
Engineering Department is investigating the possible 
recovery of borates from sea water, from which bo- 
ranes, a fuel for jet engines, may be produced. 

Throughout the history of science there are many 
illustrations of recorded observations or discoveries, 
which for a time attracted much attention. Then, 
for reasons sometimes difficult to understand, these are 
neglected and forgotten only to be revived again and 
again after varying periods of time. The history of the 
distillation of sea water as a means for obtaining fresh 
water is a beautiful illustration of this strange phe- 
nomenon. Furthermore, the history is made even 
more fascinating because of the many famous persons 
linked with the investigations. A recent article on 
“Fresh Water from Sea Water” by Clifford A. Hampel 
interestingly summarizes this story. 

For many centuries, numerous attempts were made 
to secure fresh water from sea water in order to alle- 
viate the sufferings of mariners devoid of supplies of 


fresh water and adrift on a limitless ocean. Today 
the lack of sufficient supply of fresh water is no longer 
the concern of small groups of seafarers, but it i- a 
problem of paramount importance to many dens ly 
populated areas of the world. From some of these 
areas One may gaze upon tremendous expanses of water 
rendered useless by the presence of salts. So importznt 
is the question of how salt water may be economica ly 
made fresh that the Congress of the United States has 
created the Saline Water Program, directly under the 
Secretary of the Interior, with the hope that an eo- 
nomical process will be evolved through research. 

Chemistry has played a major role in the develop- 
ment of oceanography. Useful materials have been 
extracted from ocean waters and marine organisnis, 
Human beings are dependent upon the seas for part 
of their food supply. Much of the weather they enjoy 
(or curse) is made at sea. One notes with satisfaction 
the ever-growing interest in the sea and the role played 
by chemists in the study of the seas. 
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A Corner of a Seagoing Laboratory 


From left to right, dispensers for reagents, 
sample-bottle rack, photoelectric filter- 
photometer, titration apparatus for oxygen, 
fume hood (at end). Around the corner, to 
the right of the hood, is a Beckman D-U 
spectrophotometer and automatic titrators 
for chloride titration. The box in the upper 
left houses a torsion balance of special type, 
and beyond that, barely visible, is a ‘‘de- 
ionizer’ for pure water. The large carboys 
contain distilled water and silver nitrate solu- 
tions. 
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e CHEMICAL ASPECTS OF PHYSICAL 


OCEANOGRAPHY’ 


Iris generally accepted today that all the water now in 
the ocean was not precipitated as soon as the primeval 
earth cooled sufficiently (over two billion years ago) 
(1), but that the bulk of it has gradually accumulated 
since that time from the vapors released by volcanoes 
and fumaroles (2, 3). The total water in the ocean now 
comprises some 1.37 X 10'* cubic meters and accounts 
for upwards of 73% of the water now present in the 
earth’s crust. 

A rough inventory of the known water can be made 
as in Table 1 (4). 

Sea water now contains about 3.5% dissolved salts. 
Some of these must have existed in the primeval atmos- 
phere or have been produced by vulcanism, like the 
HCl, CO2, H2S or SOs, and H;BO; which are still found 
in voleaniec vapors. These acidic volatile substances, 
as soon as they dissolved in water, reacted with the 
various metallic oxides and carbonates in the lavas 
underlying the ocean basins. When soluble halides 
and sulfides resulted, these also came into solution 
along with bicarbonates. 


TABLE 1 
Inventory of Water in and over the Earth’s Crust 
Metric tons 
Location (X Per cent 
Biosphere 0.0004 0.00002 
Atmosphere 0.013 0.0007 
Soil moisture 0.05 0.003 
Lakes and rivers 0.11 0.006 
Ground water 0.51 0.027 
Ice caps and glaciers 15. 0.79 
Sedimentary rocks 24. 1.3 
Marine sediments 173. 9.1 
Igneous rocks 300. 16. 
Ocean 1380. 73. 
Total 1893 


The earliest rain water was very likely loaded with 
HCl and H,S, which similarly attacked the lavas of the 
higher land masses. As the resulting soluble materials 


were delivered to the ocean by the developing river sys- 


tems, the free acids gradually were used up, and the 
presence of NH; in the atmosphere became a possibility, 
through thunderstorm activity. Probably at a time 
when the only important acid or acid anhydride in the 
atmosphere was COs, and when the pH of the ocean 
was near 7.0, life came into being. 


' Presented as part of the Symposium on Chemistry of the 
Sea before the Division of Chemical Education at the 131st 
Mceting of the American Chemical Society, Miami, April, 1957. 
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As long as their metabolism depended on the oxida- 
tion of naturally occurring chemicals, such as ferrous 
ion, free sulfur, or the amino acids that recent experi- 
ments show can be naturally synthesized (5), living 
organisms were almost negligible factors in geology and 
geochemistry. But as soon as photosynthesis appeared 


in the ocean, profound changes occurred. Methane, 
CO, Ho, and H.S disappeared from the lower atmos- 
phere, and CC, dwindled to its present partial pressure 
of 0.03 atmosphere. The resulting changes in the ab- 
sorption of infrared radiation from the sun produced 
drastic changes in climate (6). Free oxygen now ap- 
peared in the atmosphere (the amount of organic carbon 
now in sedimentary rocks seems to account for it fully), 
so that in the attack on the exposed portions of the 
earth’s crust, oxidation and the boring, wedging, and 
digesting activities of organisms were added to the 
existing forces of moving air, water, and ice, acid attack 
(still provided by CC,), and freezing and thawing. 

Dissolved oxygen replaced H.S and sulfates replaced 
sulfides in the sea, while the demand for CQ: by plants 
reduced the CO:-tension in the illuminated surface 
layers, increasing the pH to over 8.0. Virtually all the 
combined nitrogen in the photosynthetic zones found 
its way into the biosphere, avd the prevailing oxidizing 
conditions and the pH of 8 placed restrictions on the 
solubility and hence availability in the ocean of com- 
pounds of phosphorus and of several metals needed for 
plant and animal growth. 

The salts now in the ocean, although only 3.5% by 
weight, amount to some 5 X 10'* metric tons, or enough 
to make a pile 150 meters high over the entire land sur- 
face of the earth. Something like 20 X 10"* cubic 
meters of igneous rock has been chemically or me- 
chanically destroyed in the process of extracting these 
salts, and an equivalent volume of sedimentary rock, 
much of it laid down under shallow oceanic conditions, 
most of the rest in swamps or lakes that drained into the 
oceans, exists today in the continents. 

The process of erosion and sediment formation, fol- 
lowed by mountain uplift, is still going on, and many 
(if not most) of the atoms in the present sedimentary 
rocks must have passed through the cycle at least twice. 
The rocks of clastic origin—those formed by particles 
delivered to the sea: the conglomerates, sandstones, 
and shales—represent the highly insoluble silicious 
gravel, sand, and mud. Limestones and dolomites, on 
the other hand, have been precipitated directly from 
sea water where local conditions have caused the solu- 
bility product of CaCO; to be exceeded, or, like the 
phosphate rocks, diatomaceous earths, petroleum, and 
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coal, represent animal or plant remains. Evaporites 
like rock salt and gypsum exist where arms of the sea 
have been cut off and evaporation has removed the 
water. When river-cutting reaches beds of limestone 
or evaporites, these tend to return to the sea in solution, 
rather than as suspended particles. 


PROPORTION OF DISSOLVED SALTS IS CONSTANT 


Processes both at the surface and at great depths are 
continually at work to keep the ocean well stirred. At 
the surface, evaporation (particularly in the Mediterra- 
nean Sea) and ice formation (especially in the Antarctic 
and Atlantic Arctic) result in the formation of saltier 
and hence denser water that sinks toward the bottom. 
Conduction of heat from the earth beneath the floor of 
the oceans warms the deepest water and sets up a slow 
convection toward the surface. Simultaneously, at 
various depths, a complicated system of ocean currents 
looks after mixing in the horizontal plane. The result 
is that the ocean is so ‘‘well shaken together,” as Maury 
(7) pointed out in 1855, that the relative proportions of 
dissolved salts in the ocean are everywhere virtually the 
same, and only the ratio of salt to water shows appreci- 
able variations. 

The salinity, therefore, a defined term fairly close to 
the actual proportion by weight of salt in sea water, is 
commonly used as the basis for expressing this propor- 
tion. Because the sea salts are hygroscopic, it is 
difficult to dry them except by heating, and this causes 
hydrolysis of MgCls, with evolution of HC] and destruc- 
tion of the carbonates. The full definition of salinity 
therefore is “proportion of the solid malerial obtained by 
evaporaling sea water to dryness, after all carbonate and 
organic matter has been converted to oxide, and all bromide 
and iodide to chloride.” 

Four-figure accuracy is usually striven for in the re- 
sult, and so that the answer will look like money (thereby 
facilitating printing and proofreading), it is customary 
to report the results not as per cent (%) but as per 
mille (%o) (Table 2). Similarly the specific gravity is 
reported in a unit of “grams excess over one kilogram 
per liter” (o7). 


TABLE 2 


Average Temperature, Salinity, and Specific Gravity (at 
One Atmosphere Pressure) of the Ocean 


As the chemist would write it: 
Temperature, °C. 
Salt, weight, % 
Specific gravity 

And as the oceanographer writes it: 
Temperature, °C. 
Salinity, %o (per mille) 


ot 


Because of the extreme difficulty in determining the 
salinity, as indicated by its definition, it is more con- 
venient to determine one of the individual ions. The 
most abundant ions in sea water are Nat and Cl-, 
neither of which is needed in significant amounts in any 
biological system. Either therefore would be suitable 
for characterizing the total salt content; obviously, 
from the viewpoint of the analyst, Cl~- is the choice. 
Since sea salt also contains a small proportion of bro- 
mide and a trace of iodide, chlorinity was originally de- 
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fined as the proportion by weight (per mille) of chlo- 
rine, bromine, and iodine in sea water, assuming that the 
Br~ and I~ had all been replaced by Cl-. However. 
since this definition required placing more trust in 
atomic weight values than experience showed was justi- 
fied chlorinity has been redefined as 0.3285233 of the 
Ag-equivalent. 

The relationship between chlorinity and salinity )ias 
been accurately determined to fit the following linear 
equation (8) 


S = 0.03 + 1.805 Cl- (1) 


The significance of the constant term, which implies t at 
water containing no chlorides still has other dissol\ed 
solids, is readily understood in terms of the river waiters 
just mentioned, which contain much more bicarbon: tes 
(from limestone and dolomite) and sulfates (from gyp- 
sum and anhydrite or oxidized sulfides) than chlorides. 

The ultimate ionic analysis of typical oceanic sea 
water is given in Table 3 (9). 


TABLE 3 
North Pacific Ocean Surface Water, Chlorinity 19.000°;, 


Eq./kg. 


0.5353 18.980 
0.0551 2.649 
0.0023 0.140 
0.0008 0.065 
0.0001 0.001 
0.5936 0.5936 21.835 


H;BO; (undissociated ) 0.026 


Sum of cations 12.621 
Total 34.482 


Eq./kg. 


The total weight of salt, 34.482 grams, can be shown 
by appropriate chemical arithmetic to be almost exactly 
equivalent to the 34.325 given by equation (1). Simi- 
lar empirical expressions for the variation of the ratio 
of SO,--, Mg++, Ca++, and HCO;~ to Cl- with vary- 
ing chlorinity have been derived, and the explanation 
of the departure of observed values from these semi- 
theoretical expressions provides a useful meeting ground 
for chemical, biological, physical, and geological ocea- 
nographers. 

At the same time that the relationship between chlo- 
rinity and salinity of sea water was determined, the cor- 
responding relationship between salinity and density 
was determined. These values permit ready conversion 
between chlorinity (already defined), and chlorosity (the 
chloride content in grams per liter), a quantity often 
more useful in chemical work. They also make it pos- 
sible to derive a precise value of salinity and chlorinity 
from a determination of the density and vice ver-a. 
In certain circumstances, it may be desirable to measure 
some other property that depends only on the total silt 
present, such as refractive index, electrical conductivity. 
or freezing point, and it is possible to convert reading: of 
any of these quantities into any of the others with an 
accuracy of 5 or 10 parts in 10,000 or better. Calibra- 
tion is facilitated by the existence of a laboratory in 
Copenhagen, Denmark, which furnishes sea water of 
chlorinity close to 19.40%c, accurately analyzed to one 
part in 10,000. 
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PROPORTION OF DISSOLVED GASES IS VARIABLE 


The situation with regard to dissolved gases in the 
sea is quite different from that of the salts. The chem- 
ically inert gases, A and Ne, are everywhere dissolved in 
concentrations that correspond closely to equilibrium 
with the atmosphere at the temperature of the water. 
Their concentrations, therefore, are primarily functions 
of the water temperature. The gases participating in 
the cycles of photosynthesis and respiration, CQ2, and 
0», however, show great variability. 

At the surface in winter in high latitudes, O2, like No, 
is in equilibrium with the atmosphere, and as these 
zones are the chief areas of formation of bottom water, 
there is a tendency for O2 values in deep water to be 
fairly high, increasing poleward. Elsewhere, near the 
surface, photosynthesis may increase Q2 to 125% to 
150% of equilibrium values during the daytime. Be- 
low the illuminated layers in general, dissolved O2 shows 
a marked decrease reflecting the respiration of organ- 
isms and the bacterial decay of organic matter sinking 
from near the surface. Since the supply of Q.-rich 
water from the polar regions tends to hug the bottom, a 
distribution of O2 concentration with depth that shows 
aminimum value at 500 to 1000 meters is characteristic 
of many areas in the ocean, especially in the Pacific, 
while in the tropical and much of the temperate Atlantic 
the absolute content of O. (though not necessarily the 
percentage of saturation) is greater at the bottom than 
at the surface. 

Where barriers to horizontal circulation restrict the 
resupply of deep water, respiration and_ bacterial 
activity may deplete the O2-content of water to a point 
where ordinary organisms can no longer thrive. Here 
akind of bacterium that can take its Oo-requirement out 
of the SO,---ion makes its appearance, and the end- 
product HS is found. The classical situations of this 
kind occur in many of the fjords of Norway, where the 
glacier that carved out the fjord ended in a moraine 
that serves as a submerged dam or sill, and the deep 
water inland of the sill has no contact with the open 
ocean. Stagnation and eventual H.S-production are 
the result until some combination of circumstances 
brings water in over the sill denser than the water al- 
ready in the basin, and renewal of the basin water re- 
sults. 

The Black Sea behaves similarly, the only connection 
with the rest of the ocean being the shallow Bosporus, 
so that the entire Black Sea below a depth of about 
200 meters lacks dissolved QO, and is rich in HS. 

In general, consumption of O2 means the production of 
CO, and a decrease in pH, but the problem is compli- 
cated not only by dissolved bicarbonates but by the pres- 
ence of a solid phase of CaCQ; in particulate matter and 
on the bottom, and by the further presence of a signifi- 
cant amount of H;BO;, which fortunately has not yet 
been proved to enter into biological cycles. Since sea 
water of salinity 35%c is a complicated mixture of salts 
with an ionic strength of around 0.7, it is obvious that 
the activity coefficients of the various ions concerned 
in the equilibria are not likely to be furnished by the 
conventional type of measurement in pure, dilute solu- 
tions. Luckily, however, the variations in concentra- 
tion of the components of the buffer system, since they 
have maximum values of only 0.002 M, can be ignored, 
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and in any sample of sea water at a given temperature 
and salinity the activity coefficients can be considered 
constants like the ionization constants. 

Thus, for the four main reactions that enter into the 
buffer mechanism, we can write: 


Carbonic acid: 
H.CO; = Ht + HCO,;- Ky = /anxcos 
= Ke = an+ aco;-- /ancos- 
Boric acid: 


K, = an+ 
Kz = 


H;BO; = Ht + H.BO,;~ 
H.BO;~ = Ht + 


In the equations on the right, we can substitute activity 
coefficient k times concentration c for each of the activi- 
ties a (except au+), and rearrange to put all the con- 
stants on the left. Calling this constant K’ (the 
apparent dissociation constant) and taking the logarith- 
mic form, we can then write: 


Carbonic acid 
= = Ki’; 

pK,’ = pH + log cuicos/cucos- 
= n+ = Ke’; 

pK’ = pH + log cuco;-/ccos-- 
with a similar set of expressions for boric acid. Since 
we can readily determine pH and total CQ, or total 
boric acid, and since 


Total Co, = CH2CO;- + CHCO;- + CCOs-- 


with a parallel equation for the boric acid species, if we 
know pK, and pK», we have for each acid three equa- 
tions with three unknowns, and we can readily solve for 
the concentrations of HxCOQ;, HCO;~, and CO;~~, and 
the corresponding borate components. 

Representative values of these constants are given in 
the following table and compared with the thermody- 
namic constants at 20°C. : 


Sea water, 

Carbonic chlorinity Pure 
acid 19% water 
pK, 6.01 6.38 
9.17 10.38 

Boric acid 
pk, 8.75 9.28 
pKe 10.08 12.75? 


The normal range of pH of sea water, which is around 
7.50 to 8.25, falls between pKy for H,CQ; on the low 
side and pKy of HsBO; and pK» of H2CQ; on the other, 
showing that all three of these dissociation reactions 
play an important role in buffering sea water. 
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THE PROCESSES REGULATING THE 
COMPOSITION OF SEA WATER’ 


Tue present day composition of sea water reflects a 
multiplicity of chemical processes, both of an inorganic 
and biochemical nature. Although at the present time 
it is difficult to account for the absolute concentrations 
of most elements in the oceans, nevertheless, the domi- 
nant processes governing the distribution of chemical 
species between the hydrosphere and the lithosphere, 
biosphere, and atmosphere can be described. The im- 
portance of such considerations is evident not only in 
studies of the role of the oceans in the major sedimen- 
tary cycle and in the productivity of the oceans, but 
also in the construction of hypotheses concerned with 
the changes in the composition of the marine environ- 
ment with time. 

The ultimate sources of the chemical species found in 
the oceans are the igneous rocks and the gases released 
from the interior of the earth through heating of 
magmas (/). The former give rise to the cations while 
the volatile substances have condensed to furnish the 
water and many of the anions including chloride, 
sulfate, bicarbonate, and borate. The elemental 
abundances in the source materials provide a necessary 
background for investigating the facility of sea water to 
maintain its composition. Table 1 illustrates the strik- 
ing differences in composition between these source 
materials and the sea water. 


TABLE 1 


The Composition of Sea Water, Igneous Rocks, and 
Gases from Fumaroles and Hot Springs 
(Values in Weight Percentages) 


Gases from 
fumaroles, 
steam wells 


Igneous rocks —_ and geysers 
(1) 


99.4 


It is convenient to divide the mechanisms that regu- 
late the chemical composition of sea water into two 
general classes: those inorganic reactions that would 
occur in a sterile ocean and the reactions that arise 


1 Presented as part of the Symposium on Chemistry of the 
Sea before the Division of Chemical Education at the 131st 
Meeting of the American Chemical Society, Miami, April, 1957. 

* This work was performed under contracts between the Uni- 
versity of California and the Office of Naval Research. Contri- 
bution from the Scripps Institution of Oceanography, New Series, 
No. 981. 
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through the existence of living matter. The inorganic 
reactions can in general be treated under conditions of 
equilibrium. It is generally believed that the bulk of 
ocean waters (approximately 90% of sea water exists 
at depths of 1000 meters or greater and at temperatures 
a few degrees above 0°C.) have been inaccessible to 
interactions with the atmosphere or sedimentary de- 
posits for times of the order of hundreds of years. 
During such periods one can reasonably expect the 
inorganic chemical species to correspond closely to 
those expected from complete equilibration between all 
reacting substances. The first group of regulatory 
processes to be considered would occur in an ocean 
devoid of life. 


INORGANIC PROCESSES 


Solubility. Only calcium, among the major cations of 
sea water, is present in the state of saturation, and its 
concentration is couirolled by the precipitation of 
calcium carbonate (3). The rare gases and dissolved 
gaseous nitrogen have their marine concentrations 
determined by the temperature at which their water 
mass was in contact with the atmosphere and are 
apparently in states of saturation or very nearly so. 
Mixed waters of warm and cold origins often contain 
these gases in the state of supersaturation inasmuch as 
mixing must of necessity lead to such a condition. 

Cation Exchange and Mineral Formation. The fac- 
tors that regulate the amounts of sodium, potassium, 
and magnesium, as well as other members of the alkali 
and alkaline earth metals, which are not limited by 
their solubility products, are to a large extent related 
to the cation-exchange properties of the clay minerals 
which have amassed upon the sea bottom (4). In 
general cation-exchange reactions are such that sodium 
will be replaced by potassium which in turn will be 
removed by magnesium. As a rule, the higher the 
valence of the ion, the greater its replacing power. 
Further, smaller ions of the same valence are held less 
tightly in the clay holes than the larger ions for similar 
conditions of ionic strength, temperature, and clay 
type. 

Table 2 shows the relative weight ratios of sodium, 
potassium, and magnesium in igneous rocks, rivers and 
lakes, and marine waters. Both potassium and mig- 
nesium are depleted relative to sodium in river waters 
and this is attributed to the preferential uptake of 
these ions by exchange reactions upon the river solis. 
In the oceans magnesium remains in solution to a much 
higher degree than potassium and this result may »e 
explained by the ability of clays to fix cations into ncn- 
exchangeable or difficultly exchangeable sites. It is 
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TABLE 2 
The Distribution of Sodium, Potassium, and Magnesium 
in Geologic Domains 
(Values on a Weight Basis Relative to Sodium) 


Domain Na K Mg 

a Igneous rocks 100 39 71 
Terrestrial waters 100 36 59 
Sea water 100 3.8 12 


well known that illitic, and to a lesser extent mont- 
morillonitic, clays build potassium into ‘‘fixed’’ posi- 
tions rather readily. Further, chloritic micas and illites 
tend to form during marine diagenesis from other 
minerals (Ref. (4), p. 352). 

Additional evidence that the cation-exchange reac- 
tions determine the marine concentrations of the ele- 
ments of the first group of the periodic table has been 
pointed out by Goldschmidt (45). From geochemical 
balance computations the percentages of the amount 
of each alkali metal that remains in sea water, calculated 
from the amounts introduced into the major sedimen- 
tary cycle by the weathering of igneous rocks, can be 
calculated. It appears that about 65% of the sodium 
released now resides in solution whereas but 2.5%, 
0.15%, and 0.025% of the total amounts of potassium, 
rubidium, and cesium that entered the hydrosphere 
have remained there. Such a trend follows the cited 
relationship between retentivity in clays and atomic 
radii. 

Sorption Processes. The metals which are enriched in 
pelagic sediments relative to manganese, nickel, cobalt, 
zinc, copper, etc., exist in sea water in greatly un- 
saturated states (6, 7, 8) and it has been postulated that 
absorption reactions are responsible for this situation 
(Table 3). Two components of the pelagic deposits, 
the ferromanganese minerals and the apatites, appar- 
ently are the hosts for the major portion of these 
accumulations. The latter group of minerals is related 
to life in the sea and will be treated below. 


TABLE 3 
ag maar of Observed Concentrations of Certain Minor 
ements in Sea Water with Those Concentrations 
Calculated upon the Basis of Their Most Insoluble 
Compound (7, 8) 


Observed Calculated 
sea water limiting 
concentration Limiting concentration 
Ton (M) compound (M) 
Mn++ 4x 107% MnCo; 
4x 10° ~10-3 
10-* — 1077 
Zn++ 2x 1077 ZnCO; ~10-* 
Cutt 6 107% CuCO, ~10-4 


The ferromanganese minerals are a three-layer struc- 
ture with the outer layers consisting of manganese 


dioxide and an inner, disordered layer of manganous — 


hydroxide hydrate or ferric hydroxide hydrate (9). 
Substitution of the Group B metals for the ferric and 
Manganous ions in the inner layer can occur, and Gold- 
berg (6) found a whole array of such metals in such 
minerals in minor amounts. The ferromanganese 
minerals occur as components of the sedimentary de- 
posits or as the major minerals in the so-called ‘“‘manga- 
nese nodules.” 

Manganese exists as the divalent ion in marine waters 
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but is found in the sediments in tetravalent as well 
as divalent states. Inasmuch as there is enough 
oxygen in all levels of the open ocean to allow oxida- 
tion to occur, the fact that it doesn’t suggests a sur- 
face is necessary for the reaction. The well-known 
catalytic properties of iron oxides, coupled with the 
usual presence of large amounts of iron in these man- 
ganites, indicate that ferric oxides may supply the 
important initial active surface and that following a 
buildup of a few layers of the minerals, the reaction 
becomes autocatalytic. The formation of an irregular 
pile of these quasi-2-dimensional layer crystals allows 
the formation of large specific surface areas, of the order 
of 100 meters 2/gram (9), which provide sites for further 
accumulation and formation of the minerals as well as 
the incorporation of the minor elements. Table 4 
shows the typical concentrations of some elements in 


TABLE 4 
The Composition of Manganese Nodules and Pelagic Clays 
from the Pacific Ocean 
(Concentrations in Parts per Million by Weight) 
Manganese Pelagic Igneous 

Element nodules clays rocks 
Mn 193 ,000 12,500 1000 
Ni 3,800 260 40 
Co 2,600 160 20 
Zn 500 200 50 
Cu 4,800 740 40 


manganese nodules and pelagic clays from the Pacific 
Ocean, and comparison with the corresponding abun- 
dances in igneous rocks readily illustrates the scavenging 
ability of the ferromanganese minerals. 

Anion Exchange and Mineral Formation. Inasmuch 
as the anion-exchange capacities of illites and chlorites 
are but slightly less than the corresponding cation- 
exchange capacities, fractionation of the anionic species 
in marine waters through such processes is suggested. 
For example, Correns (1/0) points out that the Cl Br 
ratio in sea water of 300 is displaced to values around 50 
in sediments. Phosphate ion is strongly taken up by 
marine sediments (17). Such interactions may well re- 
sult from the replacement of anions in clays. It is diffi- 
cult to estimate the importance of anion exchange as a 
regulating mechanism due to the meager amount of 
data on the anionic composition of marine sediments 
and the lack of a suitable set of abundances for the 
amounts of such constituents introduced into the 
oceans. 


BIOCHEMICAL PROCESSES 


Primary Production. The introduction of living mat- 
ter is reflected in changes in the chemical composition 
of all waters of the oceans. The presence of the large 
photosynthesizing biomass, roughly equivalent in pro- 
duction of organic matter to that of the terrestrial 
environment, is responsible for the most dramatic 
compositional changes in ocean water. In the surface 
waters where plant production occurs, carbon dioxide 
and oxygen, the intake and release gases of photo- 
synthesis, respond to this biological activity. Deple- 
tion of the former and supersaturation of the latter are 
often observed in waters near the surface. 

Certain nutrients, chemical species necessary to the 
growth and multiplication of the plants of the sea, vary 
over wide ranges of concentrations both in time and 
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space. Phosphate, nitrate, nitrite, ammonia and 
silicate ions show very low values in regions of plant 
productivity as compared to higher values in the deeper 
waters removed from photosynthetic activity. Further, 
decreases in the abundances of these ions coincide with 
the rises in plant populations during the late spring 
and early fall for given areas of ocean. Certain other 
substances concerned with plant growth, such as vita- 
mins and some trace metal ions, may have their marine 
concentrations regulated by photosynthesis in the 
surface waters of the oceans, but as yet no such rela- 
tionships have been established. 

The primary production of plant material furnishes 
the basis of nutrition for the animal domain of the 
oceans. That plant material removed from the photo- 
synthetic zones and not consumed by higher organ- 
isms, coupled with the organic debris resulting from the 
metabolic waste products or death of members of the 
biosphere, is oxidized principally in the deeper oceanic 
waters. This results not only in minimal values of dis- 
solved gaseous oxygen in waters at intermediate depths, 
but also in maximal concentrations of inorganic phos- 
phorus, nitrogen, and silicon compounds released 
simultaneously with the combustion of the organic 
matter. 

Other Biological Processes. Arrhenius, Bramlette, and 
Picciotto (12) have established the uptake of heavy 
metals from sea water by bone debris which consists of 
microcrystalline apatite and the proteinaceous decay 
products. The accumulation apparently takes place 
after the death of the organisms and most probably at 
the sediment-water interface. The apatite acts as host 
for the rare earths, thorium, strontium, and barium, 


whereas the organic phases are enriched in zinc, tin, 
lead, titanium, copper, silver, magnesium, chromium, 


and nickel. These apatites, along with the ferro- 
manganese minerals, are high-surface materials and 
both are responsible for the depletion of trace metals in 
sea water. The relative importance of each of these 
two processes is as yet unknown. 

The oceanic concentrations of copper and barium are 
apparently strongly influenced by biological activity 
(8). The relationship between copper and manganese 
in sediments containing ferromanganese minerals is 
much less distinct than between nickel, cobalt, or zinc 
and manganese. This observation suggested other 
independent sources of copper-containing materials to 
the ocean floor. The well-known combination of copper 
with the organic molecules in the protein hemocyanin 
and the exceedingly strong ability of copper to complex 
with most organic functional groups pointed to biologi- 
cal origins. It was thus not surprising to find copper 
in the organic phases of fish debris (12). Further, cop- 
per in excess of the amounts attributed to ferromanga- 
nese minerals showed a remarkable covariance with 
barium, the latter element presumed to be dominantly 
associated with organic phases, in 400 samples of 
pelagic clays investigated by Revelle and co-workers 
(13). 


PHYSICAL PROCESSES 


Superimposed upon these chemical processes are 
changes in the chemical makeup of sea water by the 
melting of ice, evaporation, mixing with runoff waters 
from the continents, upwelling of deeper waters, etc. 
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The net effects of the first three processes are changes 
in the absolute concentration of all of the elements but 
with no changes in the relative amounts of dissolved 
ions. Where solubility products are exceeded, as may 
be the case of the dissolved gases and calcium, chanves 
in concentration not proportional to salinity are evident. 
In the cases of upwelling, the non-conservative nutrient 
elements, as well as the dissolved gases, will undergs 
concentration changes not related to the salinity. 


CHANGES IN COMPOSITION OF THE OCEANS 
WITH TIME 


If the chemical species in marine waters are today in 
a steady state with respect to concentrations, a not 
indelicate balance must exist between the various regu- 
latory mechanisms. Any changes in the input of mate- 
rials must be compensated by like changes in accumula- 
tion of matter on the ocean floor. Further, alterations 
of those parameters controlling the various inorganic 
and biochemical processes can readily influence the 
composition of ocean waters. It is upon such a basis 
that one may fruitfully seek out possible compositional 
changes in ocean waters with time. Two recently pub- 
lished papers involve possible changes in the tempcra- 
tures of the oceans in geologic times. The concurrent 
changes in the chemical composition of the seas are 
evident. 

Emiliani (/4), from studies on the oxygen isotopic 
composition of the tests of benthic foraminifera, has sug- 
gested that the abyssal temperatures in the oceans were 
raised from their present values of near 0°C. to 2.2°C., 
7.0°C., and 10.4°C. in the upper, middle, and lower 
Tertiary respectively. Such temperature increases 
would of necessity be accompanied by similar ones in 
the surface and intermediate waters. One obvious 
effect from such a heating of the oceans is the decrease 
in either or both the calcium and carbonate ions, since 
calcium carbonate’s solubility product has a negative 
temperature coefficient. Further, the amounts of dis- 
solved gases would decrease. It is easy to envisage 
changes in primary productivity, in the combustion of 
the remnants of the biosphere, in clay formations, etc., 
and concurrent changes in the nutrient and conserva- 
tive chemical species as a function of such a tempera- 
ture change. 

More direct changes in the abundances of the oceanic 
constituents with time are available. Worthington 
(15) finds decreases in the dissolved oxygen contents of 
the North Atlantic deep waters of the order of 0.3 
ml./l. (total dissolved oxygen is of the order of 6 ml. |.). 
He attributes this phenomenon to the origin of the 
waters containing the higher oxygen values (i.e., con- 
tact and equilibration of gases with the atmosphere) 
during the catastrophic cold from 1810 to 1820. 

Changes in the chemical and mineral composition of 
sediments from the Northeast Pacific between te 
Quaternary and Tertiary have been reported (8, /.'). 
Higher contents of manganese and calcium are fou id 
in the older strata of such deposits and result from te 
presence of ferromanganese minerals and authige:ic 
phillipsite, a zeolite with high ion-exchange capacitics. 
The qualitative inference that such changes in tie 
character of the ocean bottom were accompanied by at 
least minor changes in some of the ions of the oc:in 
appears plausible. 
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Tue analytical chemist’s job in oceanography, as 
elsewhere, is to design analytical procedures, and to 
perform analyses. In oceanography his sample usually 
is sea water—a material that is chiefly water, but 
contains either dissolved or suspended substances 
representing probably all of the blocks in the pre- 
Manhattan District periodic table, some of the post- 
Manhattan District blocks, as well as ‘a wide variety 
of organic compounds, the latter usually in extremely 
low concentrations. For variety, he frequently must 
analyze bottom muds and oozes, fish, algae, anti- 
fouling paints, and in recent times the debris left by the 
successor of the Manhattan District. 

The cruise of H.M.S. Challenger (1873-76) has been 
noted by the authors of previous papers to be a turning 
point in the development of modern oceanography. 
The analyses performed by Dittmar on samples 
collected during this cruise gave a much firmer founda- 
tion than had existed previously for the proposition of 
“the constancy of relative proportions’’—a notion that 
says that so far as sea water is a solution of the major 
dissolved constituents, the only observable changes 
that can be noted from one sample to another i: -n the 
water content. As a consequence of this, the analysis 
for a single major constituent provides information 
about all the other major constituents and specifies 
the density at known temperatures. This is an ap- 
pealing notion—a single analysis gives answers that 
otherwise would require several, thereby at least 
satisfying the human desire to obtain the greatest. 
return for a given expenditure of time and effort. 


CONSTANCY OF RELATIVE PROPORTIONS 


Despite the appeal and the practical advantages of 
the “constancy of relative proportions,” it may be 


! Presented as part of the Symposium on Chemistry of the Sea 
before the Division of Chemical Education at the 131st Meeting 
of the American Chemical Society, Miami, April, 1957. Contri- 
bution Ne. 34 from the Chesapeake Bay Institute. 
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instructive to examine the basis for the belief that the 
proposition is valid. Lyman and Abel (1958) have 
just noted that the ocean is “well shaken together’’ and 
that Maury observed “that the relative proportions 
of dissolved salts in the ocean are everywhere virtually 
the same.” In a sense we are asking here “how well 
shaken is ‘well shaken’?”, or, “what is meant by 
virtually?” 

On purely logical grounds the proposition of “con- 
stancy of relative proportions” cannot be valid without 
some modifying clause in its statement. For, as soon 
as we recognize processes that preferentially remove or 
add elements, we'are forced to conclude that differences 
in relative composition must exist. We need then only 
inquire into the magnitude of the differences and over 
what time intervals and distances the differences can 
be detected with existing analytical techniques. An 
obvious qualification is to preface our statement with 
“within the limits of accuracy and precision of existing 
analytical methods.’’ Such a qualification not only 
emphasizes the empirical nature of our conclusion, it 
also opens the way to more quantitative qualifications 
such as a statement of the departure from constancy 
of the ratios Nat to Cl-, SO,-~ to Cl-, ete., when im- 
proved analytical techniques will permit better measures 
of the ratios. 

My purpose in pointing out a possible limitation to 
a rather well-established idea in oceanography is not 
to suggest that the foundations of the science are about 
to crumble, rather, I use it as a means of emphasizing 
the connection between analytical chemistry and the 
science of oceanography. 

In the light of our knowledge of analytical and in- 
organic chemistry, let us look at the substances in- 
volved. They are six ions: chloride, sodium, sulfate, 
magnesium, calcium, and potassium. In an “average”’ 
sea water sample their approximate concentrations 
will be: chloride, 19,000 mg./kg. of sea water; sodium, 

10,500; magnesium, 1200; sulfate sulfur, 880; calcium, 
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400; and. potassium, 380. All other dissolved con- 
stituents will be less than 100 mg./kg. 

From the viewpoint of the analytical chemist these 
six elements spell trouble insofar as analyses of high 
precision and accuracy are concerned. Sodium and 
potassium are a notorious pair, as are calcium and 
magnesium. 

Dittmar’s (1844) report of his analyses of the 
Challenger samples, 77 in number, is interesting not 
only because they are the most comprehensive set of 
analyses of sea water in existence and therefore the 
basis of our faith in the ‘constancy of relative pro- 
portions,”’ but also are rather humbling when viewed by 
analytical chemists. Today, some 75 years later, we 
are unable to do much better. 

Very briefly his methods were as follows: he deter- 
mined halides by the Volhard method and on the basis 
of replicate analyses of synthetic samples claimed a 
precision of one part in ten thousand. Today when 
high precision and accuracy are required we use the 
same method with only slight modification. Sulfate 
was determined gravimetrically with BaSO, as the 
weighing form. His analyses of synthetic samples 
were about one part per thousand high, but he con- 
sidered a correction of this order of magnitude un- 
necessary. 

As we would expect, calcium and.magnesium gave 
him trouble. Calcium he determined gravimetrically 
by single oxalate precipitation and ignition to calcium 
oxide, and from the calcium oxalate filtrate he precip- 
itated magnesium ammonium phosphate and ignited 
it to pyrophosphate. After completing about a third 
of his analyses, he suspected coprecipitation of mag- 
nesium along with the calcium oxalate. He therefore 
combined all of his calcium oxide residues and twice 
repeated the calcium oxalate precipitation with analysis 
for magnesium in the filtrates. He thus was able to 
obtain an empirical correction for both the calcium and 
magnesium and he applied this constant “corrector” 
to all of his analyses. 

If calcium and magnesium gave him trouble, potas- 
sium and sodium gave him great trouble. He finally 
adopted a modification of the Finkener process for 
potassium; conversion of all salts to sulfates, precipita- 
tion of chloroplatinates, elution of soluble salts, and 
reduction of the residual potassium chloroplatinate to 
metallic platinum with hydrogen. There being no 
suitable method for sodium, he determined it essentially 
by difference, using the results from all previous 
analyses and the weight obtained from the conversion of 
all salts to sulfates, as the basis for his calculation. 

As noted above, Dittmar’s analyses are the only 
“complete” analysis of a world-wide set of ocean 
samples on record. Workers following Dittmar have 
been content to determine the ratio of pairs of con- 
stituents. Professor Thompson, the author of the 
first paper of this Symposium, has made contributions 
to this part of the science. For the most part, studies 
of this sort have been with what we would call classical 
analytical methods. Thompson’s recent determina- 
tion of the calcium to chloride ratio utilized flame 
photometric measures of calcium and is one of very 
few studies which have not depended upon some 
modification of well-known gravimetric or volumetric 
procedures. 
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RECENT REFINED MEASUREMENTS 


In thinking about this problem of departures from 
the “constancy” rule and of methods that are sufficient |y 
refined to measure small differences in each of the maj or 
dissolved constituents, I have for some time bern 
intrigued by the idea that if each of the cations could 
be separated from all others, essentially giving 4 
beaker containing all the sodium from a sea water 
sample, another beaker containing all the calciun, 
etc., most of our analytical difficulties would be elimi- 
nated, for analyses of a solution of a single salt is a 
relatively simple matter. This idea, of course, is :s 
old as chemistry itself and is the basis for all gravi- 
metric procedures. The problem is how to get all of 
one and none of the others. The use of ion exchange 
resins immediately suggests itself as a possible means 
of achieving this end. 

Starting with this idea of complete separation prior 
to determination, Carpenter has made what appears to 
be a break-through in the field of precision analysis of 
natural waters. He has been concerned primarily 
with the determination of magnesium and calcium. 
Using a combination of several of the newer develop- 
ments in chemistry he devised a method that will 
routinely give results for both calcium and magnesium 
with a precision of considerably better than a part per 
thousand. 

Starting with a 10-milliliter sample, all divalent 
cations are taken up on an ion exchange column, 
Dowex 50, with controlled particle size and cross- 
linkage, and in the ammonium form. Preferential 
elution of first magnesium and then calcium is achieved 
by using a reagent that forms tight enough complexes 
with the element to be removed so that it can compete 
with the element-resin equilibria, and in addition, the 
stability constants of each of the element-complex 
equilibria are different enough to effect separation of 
the elements during elution. These obviously are the 
specifications one would write for an ion exchange 
chromatographic system. Carpenter found that acetyl- 

acetone (pentane-dione—2.4), a 6-diketone, has the 
required properties: the logarithm of the formation 
constant of the magnesium complex is 9.12, of the 
calcium complex about 1.2 and of the strontium com- 
plex, unknown, but much less than for the calcium 
complex. In addition, acetylacetone decomposes on 
heating to form acetone and acetic acid, thus allowing 
complete removal of the complexing agent after the 
separations have been achieved. 


Carpenter’s method of terminal analysis is a good 
example of the use of modern analytical techniques in 
oceanography. Having calcium, for example, now 
separated from all interfering elements greatly increase~ 
the kinds of procedures that can be used for final 
analysis. He developed a spectrophotometric titration, 
by weight, using copper standardized EDTA (ethylene 
diaminetetraacetic acid) and ammonium purpurate a- 
an indicator. The precision that can be obtained by 
such a procedure is remarkable. Eight analyses gav: 
standard deviation of 0.02%. 

Carpenter’s work is mentioned here _primaril) 
because it demonstrates a somewhat new look at th: 
old problem of the analyses of plentiful substances, th: 
major constituents of sea water. It represents the us:- 
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of ion exchange resins, chromatographic separations, 
compleximetric and spectrophotometric titrations, and 
in the published version, a rather well-developed 
theoretical treatment of the systems employed. 

The oceanographic significance of Carpenter’s work 
is to be found in the results of calcium analyses he 
performed on a series of samples taken in the Bahamas, 
in a region in which active calcium carbonate precipita- 
tion occurs. This, then, is a process that preferentially 
removes one of the major constituents—a process that 
must lead to differences in the relative composition of 
sainples. His analyses show definite reduction in the 
ratio Ca*+* to Cl~ in samples taken in the regions of 
precipitation. Thus, we now have a tool that will 
permit us to trace ocean water that has passed through 
the region, and will provide a measure of the rate 
of mixing between this tagged water and unaffected 
ocean waters. 


ANALYSIS 


The studies noted above were all conducted in well- 
equipped, shore-based laboratories. Tosee the analysts 
who did the work in their laboratories it would be 
impossible to distinguish them from thousands of other 
analytical chemists—there would be no _ indication 
that these men were chemical oceanographers. The 
point I have in mind to make here is suggested by a 
comment made by a student upon returning from a 
rather stormy cruise. His first comment upon hitting 
the beach was that not only was Dittmar the first 
chemical oceanographer, he probably was the smartest 
—he stayed ashore and had his samples brought to him. 
Chemical operations on a research vessel are very 
different in many respects from those done ashore. 
Many operations that are routine in a shore-based 
laboratory cannot be performed at sea. Precision 
weighing obviously cannot be done. However, an 
electronic balance has been developed that functions 
well in the “several milligram” range, under conditions 
that would make common instruments useless. 

So far as instrumentation of analytical procedures is 
concerned “going to sea” restricts the choice of equip- 
ment, primarily because of ship’s motion—not only the 
motion produced by sea and swell, but also the much 
higher frequency motion produced by vibration from 
propulsion engines and generators—because of high 
humidity and wide variations in temperature, and 
unless rather expensive precautions are taken because 
oi relatively poor voltage and frequency control of 
a.-c. power. Once the effects from these three sources 
(motion, humidity and temperature, and poor power 
regulation) are overcome, instrumentation problems 
arein the clear. Nevertheless, even though instruments 
can be made to function, there still is a major problem 
before chemical measurements can be made in an 
efficient manner. 
eflects of ship’s motion on the chemical oceanographer. 
The old saying, ‘‘one hand for the ship and one for 
yourself,’ applies to all who go to sea—captains, 
chemists, and cooks. Furthermore, chemical ocean- 
ographers appear to be just as susceptible to sea- 
sickness as captains or cooks. The effects of ship’s 


motion on the analyst and on his equipment frequently 
combine in such a way as to produce rather drastic 
For ex- 


modifications in commonplace operations. 
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This is the problem arising from the - 


ample, repeated attempts to conduct precision pipet- 
ting, with one hand and while being seasick, would 
suggest to most of us either a change of profession or a 
modification of the procedure. Fortunately, the latter 
alternative has been taken and as a result a bench- 
mounted syringe, connected directly to the reagent 
bottle, and fitted with a spring driven plunger that 
operates between mechanical stops, has been devised 
for routine pipetting; it can be operated with one hand. 
Gadgeteering of this sort is common, some of it rather 
ingenious and directly applicable to operation in any 
laboratory, seagoing or shore-based. ; 

In general, analytical techniques that terminate in 
either titrimetric or spectrophotometric measurements, 
with a minimum number of operations between sam- 
pling and terminal measurement, can be adapted to 
use at sea. 


ANALYSIS FOR TRACE SUBSTANCES 


The minor dissolved constituents (the trace sub- 
stances) in sea water present a rather different set of 
problems to the analytical chemist than do the major 
constituents. We can recognize three classes of trace 
substances in the oceans: (1) inorganic, (2) organic, 
and (3) dissolved gases. Thanks to the relatively 
simple colorimetric techniques that have been developed 
for the determination of dissolved inorganic phosphate 
and for nitrate and nitrite we have a fairly well- 
developed picture of the broad biochemical cycles of 
phosphorus and fixed nitrogen in the sea. These 
substances truly are trace substances; phosphate 
occurs in the range up to approximately 3 microgram- 
atoms per liter, and nitrate up to 25 or 30 microgram- 
atoms per liter. A modification of the familar molyb- 
denum blue reaction, using stannous chloride as a 
reducing agent, permits the determination of phosphate 
with a precision of several hundredths of a microgram- 
atom per liter. Nitrate is determined colorimetrically 
using strychnidine as the color-producing reagent. 
Fortunately, these procedures can be made to function 
adequately at sea. With the exception of silicate, 
dissolved atmospheric oxygen, and carbon dioxide, our 
knowledge of the distributions of the remaining trace 
substances and of their geobiochemical significance in 
the sea is meager. 

As an example of the kinds of interrelations that 
await study, we can speculate on a possible role of 
cobalt, using information obtained in biochemical and 
nutritional studies as the basis for our speculations. 
First, it should be noted that there are only a few 
reliable determinations for cobalt in sea water. Richards 
in commenting on the “State of Our Knowledge of 
Trace Elements in the Oceans,” noted that no informa- 
tion is available for cobalt in the deep oceans and only 
a few determinations have been done in surface waters. 
It appears to be in the range of 0.001 to 0.0001 p.p.m. 
(1.0 to 0.1 ug. per liter). On the speculative side, the 
following sequence seems reasonable. We know that 
vitamin By contains an atom of cobalt per molecule 
of the vitamin. By» is a natural product, and when it 
is present in the sea the cobalt requirement of the 
producer organisms must have been met. Further- 
more, in vitro studies have shown the essentiality of 
By for the growth of certain classes of phytoplankton 
organisms: no By, no growth. This specificity is so 


121 


marked with some organisms, Huglena gracilis, for 
example, that the organism can be used in a bio-assay 
for Bu. 

We have here then a possible sequence of events in 
which cobalt appears as an essential link and possibly 
a limiting factor in the growth and development of some 
of the organisms that form the base of the food web. 
It certainly follows that unless the cobalt requirement 
of the Biz producing organisms is met, there can be 
no growth of the organism having a Bi: requirement. 

- Two problems are obvious here for the analytical 
chemists: cobalt and vitamin By. In many ways the 
problems presented by these two substances are typical 
of analytical problems presented by many of the 
substances in the inorganic and organic classes noted 
above. These substances are present in the sub- 
microgram-per-liter range and appear to be biologically 
significant in the same concentration range. In most 
cases, direct analysis is not possible at these extreme 
dilutions and in the presence of the many interfering 
substances present in sea water. Obviously, two 
functions must be performed before determination. A 
technique of concentrating the test substance .d of 
separating it from interference must be devised. 
Generally speaking, concentration factors of at least 
1000 must be achieved before most of the usual methods 
of terminal analysis can be applied. Carrier or sweeper 
techniques have been used with limited success in 
other similar situations and may possibly find applica- 
tion to the sea water problem. We have had fair 
success in the analysis of brackish water by using a 
column packed with cellulose acetate as the support 
for dithizone in CCl, for the collection and concentra- 
tion of Zn, ++ Pb++, Cut+, Cot++, and Mn++. Concen- 
tration factors of 10,000 have been achieved with such a 
column. The dithizone is used here merely as a 
collector, and terminal analysis has been polarographi- 
cally for the Znt++, Pb*++, Cut+, and Cot+, and 
colorimetrically for Mn++. 

Iligh molecular weight organic substances can be 
obtained by dialysis to remove the inorganic salts, 
followed by low temperature evaporation to concentrate 
the residues. Again with brackish waters, we have 
used these techniques followed by chromatographic 
techniques to separate components, and by spectro- 
fluormetric or colorimetric analysis to characterize the 
separated components. Starting with 20 liters of 
sample we have found as many as nine components on 
chromatograms. None of the components have as 
yet been identified. 


GROWTH OF PURE CULTURES 


The examples noted above, in which analytical 
problems exist which involve trace substances, are 
parts of broader biological problems, primarily the 
nutrition of marine organisms. There is one more 
example in this category that should be mentioned. It 
has to do with the culturing of marine microorganisms 
in the laboratory. Although tbis is primarily a biolog- 
ical problem it now appears that many intriguing 
analytical problems will have to be solved before many 
of the obvious advantages of this kind of experimenta- 
tion can be more fully exploited in the solution of 
marine biological problems. 


The basic problem is this: Although the broad, 
qualitative aspects of the food web in the oceans «re 
clear, we have only very meager information about the 
several parts of most marine geobiochemical syste: is, 
We know for example, as on land, that the plant life of 
the seas (the phytoplankton) turns inorganic con- 
stituents into living organic matter through the pho’ o- 
synthetic process. The phytoplankton then form the 
base of the marine food web. The phytoplankton «re 
eaten by small animals (the zooplankton), the smal.r 
zooplankton by larger zooplankton, bacteria bre::k 
down dead organic stuffs—in all a continual degradation 
of the energy that entered the system as solar radiation 
used in photosynthesis. 

We are now asking questions about the parts of this 
complicated system. Some oceanic regions are more 
productive than others. We would like to know what 
controls the fixation of energy, the growth of the 
phytoplankton populations, and the transfer of this 
energy from one trophic level to the next. One 
approach to this problem is through the study of t)e 
nutritional requirements of the producer organisms, the 
phytoplankton. If we know what the organisms 
require we will then be able to examine the natural 
environment to see if these requirements are met. 

Attempts are now being made to grow marine 
phytoplankton in pure culture—a single species of 
organism, in a bacteria free environment—to grow 
these pure cultures in a completely defined medium, 
that is, in an environment in which the kinds and 
quantities of dissolved and suspended substances are 
known to the experimenter. In such a system nutri- 
tional requirements and toxicity levels can be studied 
by noting changes in reproduction, growth, and 
composition of the organisms, produced by changes in 
media constituents. 

It has frequently been noted that as the purity of 
commercially available chemicals has increased, during 
the last 25 to 50 years, the number of failures to obtain 
growth in cultures has also increased, In other words 
the ‘“‘c.p.”” chemicals of twenty-five years ago contained 
traces of impurities, not present (or at much lower 
levels) in the same chemicals today; and these traces, 
present in the media but not known to be there by the 
media makers, satisfied the requirements of the or- 
ganisms. 

Media makers now need both organic and inorganic 
chemicals with extremely high purity specifications. 
In a few cases where requirements are known, growth is 
affected at the parts-per-billion level. To meet 
specifications of this kind will require the application 
of some of the finest precision tools and techniques we 
can muster in inorganic and organic analytical and 
preparative chemistry. 
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* TRAINING IN CHEMICAL OCEANOGRAPHY’ 


Berore we can decide upon the proper training for 
chemical oceanographers we must agree upon the 
purpose and objectives of research in this field. If 
the chemical oceanographer is but a chemist who, for 
some reason, happens to undertake research involving 
sea water or some property or phenomenon of the 
marine environment, we have no problem. He is a 
chemist and should be trained as other chemists are. 

We must raise the question whether oceanography 
has any place of its own in the category of sciences or 
whether it is merely a convenient meeting ground of 
many sciences. There are some of us who believe 
that although it involves an object of study rather than 
a subject, nevertheless oceanography has a methodology 
and subject-matter content distinctly its own. It has 
taken the better part of a hundred years to reach this 
stage and we are reluctant to retreat from it. If this 
view prevails, the ocean itself, its behavior, its prop- 
erties and all its various phenomena are the prime 
considerations, and oceanographers will use all the 
available techniques of the various sciences in the 
study of the primary object. We would hold that the 
relation of the oceanographer is the same as that of 
the physician to his primary object, in the latter case 
the human organism. Like the physician, he is 
concerned with the activity of that whole organism and 
not merely in the opportunities which it offers for study 
by a specialist such as the biochemist, the pathologist, 
and the anatomist. 

It is by no means certain that this view of oceanog- 
raphy will ultimately prevail, for there are some who 
believe that we will learn more about the ocean, and 
faster, by dividing its study up between respective 
minor subdivisions of the established sciences, physics, 
chemistry, biology, and geology. 

If we are to train oceanographers on the basis of the 
unity of the subject, however, they must all of them, 
whatever their subdivisions, have a broad general 
background in the fundamental sciences. If this has 
not been laid during the undergraduate stage then the 
deficiencies must be filled during the time of special- 
ization. 

The chemical oceanographer should not only have 
the equivalent of an undergraduate major in chemistry 


but he should have also at least one solid graduate year © 


in conventional chemistry. There are two reasons for 
this requirement: (1) because chemical oceanography 
is badly in need of all the contributions which modern 
chemistry can offer; and (2) because employment 


' Presented as part of the Symposium on Chemistry of the Sea 
before the Division of Chemical Education at the 131st Meeting 
of the American Chemical Society, Miami, April, 1957. Contri- 
Sey from the Scripps Institution of Oceanography, New Series, 
No. 979. 
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opportunities in this special field are still limited, and 
for the protection of a student’s own interests his 
training should be broad enough to serve in more than 
one applied field of chemistry. 

Until recently, chemistry’s function in the field of 
oceanography has been largely to serve the interests of 
biology. Early interest in the study of the ocean was 
principally in the creatures which live there, and it is 
therefore not surprising that the few chemists who 
were attracted to the field gave their attention to the 
chemical conditions of life in the sea and the study of 
the reasons why some parts of it are fertile and others 
barren. This was the limited field of study of chemical 
oceanography until late in the 1930’s, because there were 
too few chemists, with too little time, to do anything 
else. 

Now, however, we are expanding our interests into 
the field of general geochemistry and concerning our- 
selves with the many chemical processes taking place 
in the sea water itself, in the atmosphere immediately 
above it, and in the bottom immediately below it, for 
these are all parts of the ocean. He who is to con- 
tribute productively to this area of study needs, in 
addition to his sound training in chemistry, a scarcely 
less intensive preparation in geology, as well as more 
than an elementary understanding of biological science. 
It can be assumed that his training in chemistry will 
include enough physics and mathematics to serve as a 
basis for some advanced study of physical oceanography 
which will frequently be found essential for the chemical 
oceanographer. 

Evidently the chemical oceanographer must be an 
expert in more fields than his own specialty, chemistry. 
This will be a difficult specification to fulfill, and will 
be a sharp limitation to the number of prospective 
candidates. That will be all right, for this will not be 
a vocation which will attract great numbers, especially 
since it is a purely scientific one which, although it 
offers attractive and interesting opportunities for hard 
work, does not hold out great pecuniary inducements. 

Specifically, chemical oceanography involves all the 
branches of modern chemistry except possibly organic. 
The complexity of sea water as a chemical system will 
tax to the utmost the ingenuity and the facilities of the 
physical and the analytical chemist. Its study 
involves the determination of many constituents in 
parts per billion, in the presence of relatively enormous 
quantities of disturbing and interfering constituents. 
Applications are many for all kinds of analytical 
methods, from conventional gravimetry, through 
numerous types of spectrographic and spectrophoto- 
metric, to the highest refined and most recent radio- 
chemical and nuclear techniques. 
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As a chemical system sea water is more complex 
than any which the physical chemist ordinarily dares to 
study. Its “purity” cannot even be defined, much 
less measured. Nevertheless we need to study its 
physical-chemical behavior and must devise methods to 
do so. If and when the physical chemist learns some- 
thing about concentrated solutions he will still find 
great difficulty in applying his knowledge to sea water. 
This will frustrate him, or challenge him, depending 
upon his courage. Laboratory solutions have seldom 
if ever been under observation for more than a short 
time—a couple of years perhaps. The ocean, on the 
other hand, has been there for millions of years. Who 
knows what slow processes, of hitherto unsuspected 
nature, may have come to equilibrium there? I believe 
that we shall some day learn, from the study of the 
ocean, about a field of chemical kinetics involving 
entirely new orders of magnitude. 

There is organic matter in the sea, of strange and un- 
known composition, which needs to be isolated and 
studied. But for the most part, the problems of 
marine chemistry are inorganic. Most, if not all, of 
the chemical elements are to be found there, although 
we know little about their ionic state in many cases. 
A solution which is at the same time concentrated 
with respect to many constituents and extremely 
dilute with respect to others is an ideal system for the 
existence of complex ions, and there is good reason to 
believe that many such combinations exist in sea 
water. There is plenty of work here for the trained 
inorganic chemist. 

The chemical oceanographer’s undergraduate courses 
should be those generally considered essential for a 
well-trained chemist, and should include biochemistry. 
At this level or at the early graduate stage he should 
have courses in advanced physical, analytical, and 
inorganic chemistry, radiochemistry, and instrumental 
methods, including or supplemented by a good intro- 
duction to theoretical and practical electronics. The 
desirability of experience in the supporting fields of 
geology and biology has already been referred to and 
need not be elaborated upon. A reading knowledge 
of German should have been obtained by this time; 


French, or preferably Russian, should be added but 
can be postponed until later if necessary. 

Such a background will be adequate preparation fur 
specialized graduate work in oceanography, such as is 
now offered by several institutions. The gradua:e 
student should first be oriented in the principal branches 
of oceanography: physical oceanography, marie 
biology, and marine geology and geochemistry. it 
should not take the well-trained chemist long to master 
the present subject matter and methods of chemic.jl 
oceanography and be prepared to undertake research 
of his own. He should make himself familiar with 
some of the related specialties, such as marine micr»- 
biology, petrography, and sedimentation, by special 
courses or otherwise. A course in general geophysics 
and one in geochemistry, if not available at an earlier 
stage, would be valuable here. 

Independent research is of course the main substance 
of training at the doctoral level, and the requirements 
for this are so well known as to need no elaboration. 
Closely related to this, if not an actual part, is 
experience in the field methods of oceanography. 
Actual sea-going experience should be required of all 
students, in which they learn something of the logistics 
and techniques of oceanographic expeditions. Op- 
portunities for such participation are unfortunately to 
be had only at institutions which are carrying on 
extensive research projects, since the operation of 
ships is very expensive, but occasionally there are 
openings for young men (and even young women) from 
other institutions. 

It should be noted that I have dealt for the most part 
only with such details as differentiate training in 
oceanography from that in other fields. We should 
not be unmindful of other desirable features of graduate 
work, such as participation in seminars, training in the 
preparation of oral and written reports, ete. 

Furthermore, the whole treatment of this subject is 
based upon the assumption that it is to lead to the 
doctor’s degree. There is of course place in oceanog- 
raphy for those at a lower level of training and what 
I have outlined may in many cases be unattainable. 
While we must aim at what we think is the very best. 
we realize that we may have to settle for less. 


What Is Science All About? Reprints Available 


THE conversation between chemist and student: ‘‘Dear Mr. 
Sveda. ..,"" ‘Dear Sandra . . which appeared in these pages in 
November, 1957 (Vol. 34, 524 (1957)) has attracted favorable 
comment from teachers who have found it useful in their science 
classes. Many have put copies of the article on the desks of the 
guidance counselor at their school. 

The Editor of rH1s JouRNAL is pleased to offer reprints of this 
article to those teachers who wish a number sufficient for class 
use. These can be obtained free by writing to the Editorial 
Office. 
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s MEANINGFUL TEACHING OF PHASE DIAGRAMS' 


I: 1s the writer’s opinion after twenty years of teaching 
that the basic principles and utility of phase diagrams 
are rarely grasped at the college level and that the 
study of heterogeneous equilibria from the standpoint 
of the phase rule, treated often in college as one small 
facet of physical chemistry tends, in the student’s 
mind, to remain so for the rest of his iife without the 
realization of its immediate impact on many of the 
procedures with which he is concerned as a working 
chemist. In undergraduate texts the subject is treated, 
perhaps unavoidably, in a chapter by itself, and refer- 
ences to it elsewhere are usually lacking. In one widely 
used book, for instance, at least seven chapters con- 
tain material interpretable in terms of the phase rule 
or phase diagrams but in only one of these chapters 
is the interpretation as such undertaken. This is 
entirely understandable and probably necessary if 
clarity is to be preserved, but it is not uncommon to 
find that the relevance of phase diagrams to common 
laboratory operations has been missed. How many 
college graduates, for example, would dispute a state- 
ment that an impurity always lowers thé melting point 
of a substance? How often is the relation of simple 
eutectic diagrams to the phenomenon of steam distil- 
lation realized? How often is it seen that the distribu- 
tion law determines the slope of the tie lines under a 
binodal curve in ternary liquid systems? It is the 
purpose of this article (1) to suggest a few aids in the 
teaching of phase diagrams, (2) to emphasize the con- 
nection between many seemingly unrelated diagrams 
and (3) to point out some conclusions derivable from 
them which have a direct bearing on everyday labora- 
tory phenomena. Only those aspects of the subject 
which seem to the writer to require comment will be 
referred to. In no sense, therefore, is what follows 
to be regarded as comprehensive. 


ONE-COMPONENT SYSTEMS 


There is rarely difficulty in grasping the meaning 
of the familiar pressure-temperature diagram for a 
one-component system and the application of the 
Clapeyron relation to the vaporization, sublimation 
and fusion curves. In this connection, however, it is 


helpful to recall the pressure-volume isotherms (/) . 


(“Andrews isothermals’’) commonly used in discussing 
the liquefaction of gases, and to remind the student 
that, for a given temperature, the vapor pressure of a 
liquid is the height of the horizontal line of the cor- 
responding Andrews isothermal, which will normally 


' Presented before the South Jersey Section of the American 
Chemical Society, Penns Grove, N. J., January 15, 1957, and 
before the Division of Chemical Education at the 132nd Meeting 
of the American Chemical Society, New York, September, 1957. 
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have already been described. The continuous change 
from a vapor to a liquid ordinarily dealt with when 
considering continuity of state in connection with the 
Andrews isothermals can now be demonstrated on the 
pressure-temperature diagram by passing from the 
field for vapor to that for liquid around the end of the 
vaporization line thereby emphasizing the abrupt end 
of the latter at a critical point. This gives an oppor- 
tunity to remark that the critical phenomenon is ob- 
servable only on passing through the critical point to 
or from a point on the vaporization curve. The usual 
experimental demonstration of this phenomenon in- 
volves heating a sealed glass tube containing liquid 
and vapor in equilibrium, but it is rarely stated that 
only when the relative amounts of liquid and vapor 
are initially such as to give an over-all density equal to 
the critical density will both liquid and vapor persist up 
to the critical temperature and so give the desired effect. 
That this condition must obtain is immediately evident 
from the fact that on the Andrews diagram only an 
isochor for a particular volume of system, namely 
that equal to the critical volume, will pass through the 
critical point. Incidentally the horizontal portions of 
the Andrews isothermals provide an early opportunity, 
if so desired, to introduce the rule known variously as 
the lever law, the proportioning rule or the law of 
mixtures, according to which (in this instance) the 
relative amounts of coexisting liquid and vapor for a 
given over-all volume can be readily calculated. Fa- 
miliarity with this rule is of great assistance later when 
the idea of tie lines is encountered. 


BINARY SYSTEMS 


The phase behavior of binary systems requires a 
three-dimensional model for its complete representation 
in terms of the conventional variables temperature, 
pressure, and concentration, and it is only through a 
study of such models that complete understanding of 
heterogeneous equilibria is gained. With some sacri- 
fice of the over-all viewpoint but considerable gain in 
clarity and simplicity it is common, however, to draw 
only isobaric or isothermal sections of these models. 
In discussing equilibria involving vapor both kinds 


_of section are commonly used, whereas in discussing 


other types only the isobar is usually of consequence. 
Nevertheless, it is helpful to realize that, qualitatively, 
the isobar is often a mirror image of the isotherm. 
Examples of this will be seen below. 

Let us consider a hypothetical “binary system”’ 
A-B in which there is immiscibility in all states of ag- 
gregation (solids A and B are not isomorphous, liquids 
A and B are immiscible and so are gases A and B (!)). 
Our isobaric “phase diagram” (one atmosphere total 
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1. Isobar for Immisci- for Complete 


Figure Figure bar 
bility in All States of Aggrega- of Aggrega- 
tion 


pressure) is shown in Figure 1 if the normal melting 
points (7) and normal boiling points (7’) are in the 
order 7, < T, < T’, < T’y. The rectangular char- 
acter of the fields expresses the chief feature of this 
system, namely immiscibility. An isotherm for this 
system would similarly be so characterized. 

Consider, on the other hand, a binary system in which 
there is complete miscibility in all states of aggregation. 
(The system bromobenzene-chlorobenzene may be 
cited as an example.) If we ignore, temporarily, the 
possibility of azeotropism, which may be regarded as 
incidental to the main discussion, the phase relations 
are given in the isobar Figure 2, where, again, 7, < 
T, < T',< The rectangular character of Figure 
1 has disappeared. The juxtaposition of vaporization 
and melting equilibria and their obvious similarity is, 
regrettably, rarely shown in textbooks. The relation 
of the upper pair of curves to fractional distillation 
needs no emphasis. It may be noted parenthetically 
that if one of the components be regarded as an im- 
purity in the other then it is clear that (volatile) im- 
purities can either raise or lower a boiling point. The 
lower pair of curves, similarly, form the basis for frac- 
tional crystallization and show that impurities can 
raise as well as lower a melting point. Furthermore, 
all mixtures of A and B will have a melting range. 
It is well, here, to admit to ambiguity in the usage of 
the term “melting point’? where melting ranges exist. 
If the terms melting point and freezing point are 
taken to be synonymous, then, of course, the melting 
point will not be the temperature at which insipient 
melting point occurs, although there would seem to 
be much in favor of such a usage. 

Both lenticular areas are crossed by (two-point) 
tie lines, such as ab, to which the lever law is applicable 
for closed systems. (The horizontal axis, be it noted, 
measures not only the composition of every phase 
present but also the total composition of the system— 
this is invariably a trouble spot in teaching the subject.) 
With reduction of total pressure the diagram would 


gradually alter by the approach of the two lenticular - 


regions until they would overlap eventually and a 
three-phase equilibrium would be possible. (Actually 
in this approach, both areas would drop, but the 
upper one would drop much faster because of the far 
greater sensitivity of liquid-vapor phenomena to pres- 
sure changes.) One may predict with some confidence 
that an isotherm for the system (over a restricted tem- 
perature range) would have the appearance of an ap- 
proximate mirror image of Figure 2 with the mirror 
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at the base AB. For ideal behavior in all three states 
of aggregation(this is usually assumed anyway in the 
gaseous state) equations can be found for all of these 
curves. It is worth noting that, with this restriction, 
the lower curve of the upper pair on the isobar is stil] 
curved although its counterpart in the isothermal mirror 
image is straight (if concentrations are expressed in 
mole fraction), in accordance with Raoult’s law. 

Deviations from ideal behavior can, but do not 
necessarily produce maxima or minima in one or 
both pairs giving rise to ‘“azeotropism” in vaporization 
and/or melting phenomena, although according to its 
etymology, the term should be confined to vaporizaticn. 
It may be commented that the generally accepted 
statement that in distillation the vapor is richer in the 
more volatile component is not necessarily true when 
azeotropism is present unless the azeotrope itself is 
regarded as acomponent. Whether maxima or minira 
result is determined by the sign of the difference be- 
tween the deviations in the two stages of aggregation 
involved in the phase change, and not by the sign of 
the deviations themselves (2). If, for example, there 
are positive deviations in the solid state which are 
much greater than the positive deviations in the liquid, 
a minimum in the freezing point curve on the isobar 
will result. The same will be true if there are negative 
deviations in the solid state which are much less than 
the negative deviations in the liquid. A reversal of 
these conditions will give a maximum. It is not cor- 
rect therefore to assume, as is commonly done, that 
a minimum in the freezing point curve necessarily im- 
plies positive deviations in the solid state and so a 
tendency to partial miscibility. The same consider- 
ations apply in principle to the liquid-vapor equilibria. 
Here, however, one can assume the vapor to be ideal 
so that only the deviation in the liquid is the determin- 
ing quantity. 

In the foregoing discussion of complete miscibility 
it has, of course, been implied that both components 
are volatile. It is hardly necessary to say that if only 
one of these is appreciably volatile we have isotherm and 
isobar types as in Figures 3 and 4, the line in Figure 3 
being straight only for ideal systems. 


move Fraction §=B A 


Figure 3. Isotherm for Only 
One Volatile Component (Ideal 
Behavior) 


Figure 4. Isobar for Only One 
Volatile Component 


Let us now arrive at a very common type of diagrain 
by combining the two preceding categories to give 2 
two-phase equilibrium in which there is complete mi -- 
cibility in one phase, say a gas phase, but compleie 
immiscibility in the other, say the liquid state. Both 
curved and rectangular features now appear. By 2-- 
suming ideality in all binary phases it is possible ‘o 
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draw both an isotherm and an isobar from readily 
available or readily calculated data. It is suggested 
that having the student construct such a drawing can 
be very instructive. 

The isotherm, shown in Figure 5, can be drawn 
merely from a knowledge of the vapor pressures of 
pure A and pure B (P%4, Pg) at the given tempera- 
ture. Point Z, which represents the composition and 
total pressure of the vapor saturated with both (pure) 
liquids, has a mole fraction of B equal to P3/(P4 + 
Py), and a pressure equal to Py + Ps. Any 
other point on either curve can be plotted readily as 


A move Fraction B A mote Fraction B 


Figure 5. Isoth for I i Figure 6. Isobar for Immisci- 
pos cible Liquids ble Liquids 
follows: The curve EP 3, for example, represents 


vapors saturated with liquid B but also containing A. 
Any point RF on it, of mole fraction of B equal to 2, must 
have an ordinate, P, equal to the partial pressure of 
A, namely (1 — 2) P plus the partial pressure of B, 
namely Pg. From P = (1 — 2) P + Pz it is seen 
that P = Px/2z,. It is, therefore, a simple matter 
to plot the whole diagram for given values of P and 
Py. (Note that the position of the right-hand curve 
is quite independent of the nature of the left-hand com- 
ponent and vice versa.) Thus we have the genesis of 
a diagram type which is prominent in most phase 
diagram studies. It is safe to say that the analogy 
between the phase behavior just discussed and that of 
the familiar eutectic diagram passes quite unnoticed 
by showing Figure 3 in textbooks merely as the three 
horizontal lines through E, P% and Ps, respectively, 
in connection with a discussion of steam distillation. 
The isobar (Figure 6) can also be easily plotted, 
ignoring changes of vapor pressure with total pressure. 
The necessary data are the vapor pressures of both 
pure liquid components over a range of temperature. 
The immiscible liquid system water-chlorobenzene at 
a total pressure of one atmosphere may be chosen for 
illustration. The handbook gives the following values 
of vapor pressure: water (A) 100, 400, and 760 mm. 
at 52, 83, and 100°C. respectively; chlorobenzene 
(B) 100, 400, and 760 mm. at 71, 110, and 132°C. 
respectively. An equilibrium vapor for which the 
partial pressure of B, P,, is 400 mm. will have a mole 
fraction of B, zz, of 400/760 or 0.53. If saturated 
only with liquid B the temperature must be 110°. 
Similarly a vapor for which P, is 400 mm. (x; = 0.47) 
and saturated only with A must be at 83°. If Pz, is 
100 mm. x, = 0.13 and the temperature must be 71° 
for such a vapor saturated with B; if P, is 100 mm. 
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2, = 0.87 and the temperature must be 52° if saturated 
with A. Figure 6 is a plot of the data. Point £ is 
at z, = 0.30 and 91°, the vapor composition and 
boiling point of the constant boiling mixture for one 
atmosphere Again the curves are 


independent. 
Clearly, the bases of the calculation are ideal behavior 
in the phase in which there is complete miscibility, 
and the Clausius-Clapeyron equation for the hetero- 
geneous liquid-vapor equilibria for both of the im- 
miscible liquids. The horizontal line through £ is 
conveniently described as a three-point tie line marking 
the juxtaposition of three areas crossed by two-point 
tie lines. 

We are now in a position to reason that the isobaric 
phase diagram for solid-liquid equilibria, in which 
there is complete miscibility in the liquid state but 
complete immiscibility in the solid state will be en- 
tirely analogous to Figure 6, as shown in Figure 7. 
Here, however, the Clausius-Clapeyron equations for 
both the solid and liquid forms are involved, but by 
combining them with Raoult’s law in the well-known 
way (3) it can be readily shown that the left-hand 
curve follows the equation 


log ra = —AH,,(Ta — T)/2.303RT aT 


where AH,, is the molar heat of fusion of A. An ap- 
proximate form of this relation, arrived at by confining 
2, to small values, is invariably dealt with in discussing 
molecular weight determinations by freezing point 
depression, but the connection between the latter and 
ideal solubility can easily be missed. It is well to 
make clear, too, that the eutectic is marked by the 
three-point tie line through F and not merely by the 
point £. 

Inspection of Figure 7 gives opportunity to discuss 
the effect of impurities on melting points and melting 
ranges, and to give the basis 
for the use in the laboratory 
of “mixed melting point” t 


determinations, purification t 8 
by partial melting, zone- 
melting (4, 5), freezing mix- 
tures, ete. Incidentally, 
the use of an ice-sodium , [S+t L+S, 
A 


chloride mixture for a freez- 
ing mixture does not pro- £ 
vide the best example in 
this connection, for the salt 
forms a dihydrate at these 
temperatures (6). It may 
be pointed out that a sharp 
melting point is usually, 
but not always, characteristic of a pure compound, 
for intimate mixtures of the eutectic composition, 
racemic mixtures, and solid solutions with a minimum 
melting point all melt sharply. Erasing one of the 
curves of Figure 7 and rotating the whole diagram 
through 90° gives the same diagram usually encountered 
as a solubility curve. Systems with a eutectic also 
raise an interesting question which has not been an- 
swered to everyone’s satisfaction: Why should an 
intimate mixture of A and B begin to melt at a tem- 
perature lower than the melting point of both pure 
components, even when their volatility is negligible? 


S, + 


Figure 7. Isobar for Immisci- 
ble Sclids but Miscible Liquids 
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In other words, why should the melting behavior of 
solid A depend on the presence or absence of solid B? 

We now consider the effect on the phase diagram of 
the appearance of partial miscibility. The familiar 
parabola-like curve enclosing the miscibility gap and 
seen in the phenol-water system now makes its appear- 
ance. If the two components are partially miscible 
in the liquid state they will probably be immiscible 
in the solid state, whereas if they are partially miscible 
in the solid state they will probably be completely 
miscible in the liquid state. This is because solid 
miscibility requires greater similarity of the solid com- 
ponents than is required of the liquid components for 
liquid miscibility. The superposition of a miscibility 
gap on melting phenomena will give the isobar, Figure 
8, when the partial miscibility is in the liquid. There 
are here two isobaric invariant points at temperatures 
T, and Ty. Unfortunately, there seems to be no 
generally accepted name for the second of these. 
(Metallurgists have, on occasion, referred to such a 
point as a monotectic, but this term really refers to a 
special kind of eutectic—one in which the invariant 
liquid composition nearly coincides with that of one 
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Figure 8. Isobar for Partial 
Miscibility in the Liquid but 
Immiscibility in the Solid 


Figure 9. Isobar for Miscibility 
in the Liquid but Partial Misci- 
bility in the Solid 


of the solid phases.) The reality of Figure 8 can be 
brought out by showing that it describes the phase 
behavior of “melting under solvent,” which refers to 
the phenomena sometimes encountered when attempts 
to recrystallize a solid by heating it with excess solvent 
show that the solid, rather than dissolving, suddenly 
appears to melt, giving two liquid phases. Figure 8 
also relates to the laboratory technique known as 
“wet melting” in which one measures the melting point 
depression of a solid produced by deliberately covering 
it with a considerable excess of water. A compound 
with intramolecular hydrogen bonding (chelation) 
may frequently be distinguished from an isomer with 
intermolecular hydrogen bonding (association) by the 
fact that in the presence of water the latter has its 
melting point lowered to a far greater extent than the 
former (7, 8). 

When the partial miscibility is in the solid state and 
complete miscibility in the liquid either Figure 9 (eu- 
tectic type) or a similar one (peritectic type) results. 
These will not be discussed here (9). The analogy of 
Figure 9 to boiling point diagrams of partially miscible 
liquids (partial miscibility in the liquid but complete 
miscibility in the gaseous state) is obvious. 

The appearance of binary solid compounds with 
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congruent or incongruent melting points will not be 
detailed here except as the subject relates to hydrates 
in equilibrium with water vapor. It is the writer's 
opinion that, for instance, the commonly drawn iso- 
therm for a system consisting of a salt and water, with 
its step-wise character does absolutely nothing to 
relate such a phase diagram to any other kinds. The 


PRESSURE 


A H,0 


Figure 10. Isotherm for Water and Salt Which 
Forms Hydrates 


steps usually leave off in mid-air with no accompanying 
explanation, and the two-and three-point tie lines, 
common elsewhere, suddenly seem to have vanished. 
A representation as in Figure 10, however, for a system 
which forms two hydrates, H; and Ho, although losing 
some simplicity, gains in every other way. The im- 
miscibility of the solids appears in the rectangular 
quality of most of the areas. The upper right-hand 
portion derives from Figure 3, modified for non-ideal 
systems. There are three horizontal three-point tie 
lines. Such a diagram forms an excellent basis for 
describing not only efflorescence and hydration in the 
usual way, but also deliquescence, as well as hetero- 
geneous equilibria from the standpoint of the mass law. 
Deliquescence can occur when the partial pressure of 
water in the vapor above the hydrate is larger than that 
corresponding to the highest horizontal. The compo- 
sition of the resulting layer of saturated solution is 
given, of~course, by that of point Y. 


TEMPERATURE 


L + Sy 


H 8 
+ Sy 


HOw NeClie) 


Figure 11. Isobar for the System Sodium Chlo- 
ride-Water at 240 atm. (Schematic) 


NaCl-2H,0 
(H) 
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It may, perhaps, form an interesting conclusion to 
a study of binary systems to present an isobar for the 
system sodium chloride-water. Figure 11 is the sche- 
matic isobar for 240 atmospheres (6, 10, 1/); on one 
diagram are included melting, boiling and critical 
phenomena, miscibility, immiscibility, eutectic and 
peritectic phase relations, and the boiling point of a 
saturated solution—all for a system of two familiar 
components. The dotted lines are only conjecture. 
The table gives the coordinates of the salient points 
oi the graph. (For the condensed equilibria the 
coordinates given are actually those for a pressure of 
1 atm., but it is unlikely that they would be greatly 
different at 240 atm.) 


Composi- Composi- 
tion Tempera- tion Tempera- 
(wt. % ture 


(wt. % ture 
Point NaCl) CG.) Point NaCl) (C3 


X 0 0 E 23 —21 

ye 100 800 M 0.04 450 

Cc 0.5 385 N 52 450 
6: —9 P 


TERNARY SYSTEMS 


The systematization adopted above for binary 
systems is not conveniently extended to ternary systems 
because of the much larger number of possible com- 
binations of phenomena. In any case, there is only 
time in a college course for a brief reference to ternary 
phase diagrams. It is perhaps regrettable, for instance, 
that liquid-vapor equilibria are never described, as 
the student is likely, sooner or later, to encounter the 
fractionation of a three-component liquid in the labo- 
ratory (12). Only a few of the more deserving prac- 
tical aspects, however, will be discussed here. 

The isothermal behavior of two salts with a common 
ion and water is shown in Figure 12 for a temperature 
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Figurel3. Polytherm Illustrat- 

ing Recrystallization Between 
Two Temperatures 


Figure 12. Isotherm for Two 
Salts with a Common Ion and 
Water 


above the freezing point of water. The course of the 
curves JK and MK is usually determined by the phe- 
nomena of common ion effect and salt effect. It may 
be noted, in passing, that theory requires the extensions 
JK and MK both to enter either the triangle AKB or 
the fan-shaped areas. Just as the lever law applies to 
the tie lines in the fan-shaped areas, so also there is a 
simple rule by which the relative amounts of solid 
A, solid B and liquid K can be calculated for total 
compositions lying within the triangle AKB. For 
those interested in analytical chemistry the utility of 
this diagram in connection with the recent technique 
ot phase solubility analysis (13, 14) for determining 
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purity both qualitatively and quantitatively is worth 


mentioning. Moreover, this diagram relates to the 
problem of determining whether a given unknown solid, 
containing only A and B but of variable composition, 
is a mixture or a solid solution. If a mixture, the com- 
position of a liquid saturated with it would be inde- 
pendent of the solid composition, but not so if a solid 


WwW 


Figure 14. Isother: S)-Organic 


m for Salt ( 
Liquid (O)-Water (W) 


solution. (It is assumed that, if a mixture, not enough 
solvent has been added to dissolve either solid phase 
completely.) 

Figure 13 shows the behavior represented in Figure 
12, but at two temperatures, 7 and 7’ (T’ > T, nor- 
mally), and might well be used to describe recrystalliza- 
tion between two temperatures. A composition of 
impure solid, x, after addition of solvent to bring the 
total composition to y, becomes homogeneous below 
T’ (after filtering off insolubles), but, on cooling to 
T, throws down solid A, which is then filtered off. 
If mother liquor is completely removed one such 
treatment is sufficient for purification, at least in 
theory. Clearly, this would be true only when A 
and the impurity form no solid solution. 

The concluding illustrations concern ternary liquid 
systems showing partial miscibility. The classical 
example chloroform-water-acetic acid, or a similar 
one, can be used as an opportunity to refer to the dis- 
tribution law and process of extraction insofar as the 
direction of the tie lines under the binodal curve is 
concerned. Procedures such as “salting out” of an 
organic liquid and the precipitation of a soluble salt 
by addition of an organic liquid can be illustrated by 
means of Figure 14, which may be imagined to have 
arisen by the superposition of partial miscibility on the 
salt-water behavior shown in Figure 13, but with a 
water-soluble organic liquid replacing the “impurity’’. 
In Figure 14, for the system salt (S) -organic liquid 
(O) -water (W), the isothermal solubility curves of the 
salt, AB and CD, are separated by a region of partial 
miscibility bounded by the binodal BKC. Liquid B 
and C are in equilibrium with each other and also with 
solid salt. The “salting out’? may be thought of as 
follows: An appreciable quantity of the O present in 
an aqueous solution F is obtained by adding salt until 
the total composition, always on the line F'S, lies within 
the triangle BCS and then separating the O-rich layer 

of composition C. On the other hand, the precipitation 
of a soluble salt from its aqueous solution can be visual- 
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ized by imagining liquid O to be added to a saturated 
aqueous solution of the salt, namely, A. The total 
composition follows AO and the precipitation of the 
desired salt is seen to occur immediately. Addition 
of sufficient O gives a total composition in the triangle 
BCS and a second liquid layer appears in addition to 
the salt—familiar observations to the practicing 
chemist. 
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A imitation of the differential thermal analysis ap- 
paratus reported by Hans J. Borchardt! is that it can- 
not be used to study liquids or substances that melt 
below 350°C. The sample holders are not always 
sufficiently tight to prevent leakage of liquids. Present 
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Details of the Modified Portion of Differential Thermal Analyzer 


DIFFERENTIAL THERMAL ANALYSIS APPARATUS 


DONALD F. ARSENEAU 
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work? indicates that the following modification helps 
overcome this difficulty. 
In the figure, A is a rod of the same material as the 
differential thermal analysis apparatus (brass in this 
case), machined to fit snugly into the original sample 
holders. The upper drill hole now becomes the sample 
holder, while the lower drill hole is provided to prevent 
damage to the thermocouples of the apparatus. B 
shows the differential thermocouple pair which is used to 
measure the temperatures within the active and inert 
materials. They are transite pegs worked to fit tightly 
into the sample holders and shouldered so that they are 
inserted to the same depth each time. The thermo- 
couple wires are kept out of contact with the apparatus 
by being placed in trenches filed in the sides of the pegs 
and covered with porcelain cement. The tips of the 
thermocouple probes beyond the transite portion are 
strengthened by porcelain cement also. C shows a por- 
tion of the assembled apparatus ready for the analysis. 
In the analysis of a liquid or solution, the following 
procedure yields acceptable results. The sample 
holders are filled with alumina to a predesigned depth 
(determined by the length of probe beyond the shoul- 
der), and the liquid is placed on the alumina according 
to the method of Morita and Rice.* The thermo- 
couple probe is gently inserted into the wetted alumina. 
In the analysis of fusible solids, the method of Bor- 
chardt' is still applicable. 


1J. Cuem. Epuc., 33, 103-7 (1956). 

* This work was done under a National Research Council 
Summer Research Associateship, 1957. 

3 Morita, HrroKkazu, anv H. M. Anal. Chem., 27, 336-9 
(1955). 
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Axoruer chapter is being written in the expanding movement 
of cooperation between industry and chemistry teaching. This 
chapter deals with the projects of the Manufacturing Chemists’ 
Association. 

The M.C.A. is a trade organization, founded in 1872. Its 170 
member companies represent more than 90% of the productive 
capacity of chemical manufacturing in the United States. These 
companies compete for markets and in other ways, but they have 
joined in the M.C.A. to accomplish certain mutual objectives. One 
of these aims is to aid education in science, especially chemical 
education. Toward that end members of M.C.A. voluntarily 
contribute $200,000 per year in addition to their regular dues. 


COLLEGE TEACHING AWARDS 


The College Chemistry Teacher Awards Program of M.C.A. 
is already known to many readers of THIs JoURNAL.!_ The awards 
were first given in June, 1957. The purpose of the program is to 
honor teachers in the field of chemistry who are outstanding in 
their work with undergraduates, and to call public attention to 
the importance of good teaching in the field of chemistry. The 
success of the first year’s program has encouraged the Association 
to continue the awards for another year. 


EXPERIMENTS FOR THE HIGH SCHOOL LABORATORY 


The M.C.A. program in high school chemistry started officially 
in December, 1956. A conference was called to review high 
school chemistry. The members of the conference consisted of 
Keith Johnson, Washington, D. C. Schools; Morris Meister, 
Bronx High School of Science, New York; Elwood Winters, 
New York University; the writer; and representatives of M.C.A. 

The group faced the questions: Where does high school chemis- 
try need strengthening? What are the weak points of high school 
chemistry toward which a program from without the schools 
could be directed? 

A review was made of existing programs. Two weak spots 
pointed out were: present-day practices in the use of laboratory 
time, and the need for motion pictures that teach chemistry. 

Laboratory experiments have degenerated in some cases to 
mere exercises. Many laboratory manuals in high-school chemis- 
try ask the student to report his ‘‘discoveries’’ by supplying a 
word, a numerical value, or a phrase to complete a prefabricated 
sentence. Worst of all, the student does not, in most cases, need 
to perform the experiment to complete the report. The blanks 
can be filled in from information readily obtained from the text- 
book. Such laboratory work can hardly be called stimulating to 
the student. 

The proposal to make high school chemistry laboratory work 
challenging was made by Dr. Meister. He pointed out that 
Richard Siegel of the Bronx High School of Science had already 
made significant progress in that direction. Such experiments as 
those already developed by Mr. Siegel can be called “open- 
ended.’’ The student cannot predict his results before he starts 
the experiment. Indeed the results of an open-ended experiment 
may lead to as many stimulating questions as satisfying answers. 
If so, it achieves its purpose. 

The proposal was developed that M.C.A. should extend the 
idea of the open-ended experiment and have a series of approxi- 


' See J. Cuem. Epuc., 34, 306 (1957). 

* The report High-school Chemistry on Metion Pictures oe 
Filmstrips can be obtained from the author. 

’ Available from Manufacturing Chemists’ Association. 

‘Present address: Manufacturing Chemists’ Association, 1625 
Eve Street, N. W., Washington 6, D. C. 
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mately 30 such scientific laboratory experiments written, re- 
viewed by industrial chemists, and pilot tested. The directions 
could then be reviewed, printed, and distributed, without cost, to 
the extent of 30 copies to each school. In addition, each experi- 
ment should be accompanied by a Teacher Information Sheet 
which would give information useful to an inexperienced teacher 
and show the results of typical student work. 

These features of the proposal were laid before a committee of 
teachers for review. The reviewing committee consisted of: 
Bernard Auerbach, Harrison High School, Harrison, New York; 
Rev. Lucien R. Donnelly, St. Benedict’s Prep School, Newark, 
New Jersey; Louis H. Dunlop, Shaw Avenue High School, Me- 
Keesport, Pennsylvania; Walter Hauswald, Sycamore High 
School, Sycamore, Illinois; Norman Lafayette, Hamden High 
School, Hamden, Connecticut; Evelyn Murdock, Stonington 
High School, Stonington, Connecticut; Marco H. Scheer, Nashua 
High School, Nashua, New Hampshire; Richard Siegel, Bronx 
High School of Science, New York, New York; Melvin L. 
Thompson, Ocean City High School, Ocean City, New Jersey. 

The committee unanimously approved the proposal. The 
idea appealed to all of them so forcefully that all the committee 
members thought they would like to write one of the open-ended 
experiments. 

Eight experiments are now in print. They are available for 
distribution. As this report is being written (fall, 1957), another 
set of eight is ready for pilot testing, and still other experiments 
are in various stages of the preparation. 

The response of the schools has been remarkable. Within two 
months from the announcement of the program, orders for each 
of the eight experiments are approaching 150,000 copies. 


MOTION PICTURES 


The second part of the program consists of the production of 
motion pictures that are designed to teach chemistry. Previous 
to the M.C.A. projects, a survey was made of the films and film- 
strips used in high school chemistry teaching. The study was 
supported by the Committee for the Advancement of Education 
of the Ford Foundation. The report of this study has been 
published.? 

With certain exceptions, very little of the film material now 
used by high school chemistry teachers was designed for the 
specific purpose of teaching chemistry. A great need exists for 
films that do. The need for chemistry films for television showing 
is also mounting. The advantages of a film presentation over a 
‘ive’ show on television are obvious. 

The committee of the M.C.A. has adopted in part the sugges- 
tions of the report. Two films are now in production with an- 
ticipated release date in the spring of 1958. 

The hope has been expressed that these films will be prototypes 
of the sort that can be made for a single, important purpose—in- 
struction in chemistry, not to supplant but to supplement the 
work of the teacher. 

In addition to the college and high school programs, the 
M.C.A. has published and distributed widely a booklet of ex- 
periments for general science and an accompanying booklet for 
the teacher. These bookiets are entitled ‘Superstition to Super- 
sonics.’’ The offerings for general science are rounded out by a 
vocational guidance. booklet entitled ‘‘Frontiersman of the Fu- 
ture.’’? More than a milion copies of this item have been 
distributed. 
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LE CHATELIER, COMMON SENSE, AND 
‘““METAPHYSICS”’ 


Tue following notes are suggested by the recent article 
by J. de Heer (rH1s JourNaL, August, 1957, p. 375) 
which was critical of the well-known principle of Le 
Chatelier and Braun, and have the purpose of suggesting 
that, when properly understood, this principle is en- 
tirely valid. 

de Heer first gives the principle in the form: 


L; a chemical system in equilibrium is subjected to a perturba- 
tion (stress), the equilibrium will be shifted (a reaction will occur) 
such as to partially undo this perturbation (oppose the stress).—(1) 


Following Ehrenfest, he then gives two examples, in 
which he says that the principle is invalid in one case, 
valid in the other. 

The case where the principle is said to be invalid is 
that of heating, through an interval 67’, a gaseous mix- 
ture which was in equilibrium at the original tempera- 
ture, 7. If the chemical equilibrium were “frozen”’ 
(perhaps by the absence of a suitable catalyst), the 
gaseous mixture would take up from the surroundings an 
amount of heat, g. But if the reaction can proceed 
with appreciable velocity, the equilibrium is displaced, 
the reaction takes place in the endothermic direction, 
and an amount of heat q is absorbed by the system. 
We all know that 


I> % 


and therefore more heat is transferred from the sur- 
roundings than when the equilibrium was frozen. de 
Heer concludes: 

“The temperature increase induces an endothermic 
reaction to take place, so that more heat is taken up 
from the thermostat than would have been the case if 
all gases had been inert. Thus the equilibrium shift 
does not ‘oppose’ the heat transfer; to the contrary, 
it ‘aids’ it.’ 

Now just exactly what, according to the principle, is 
the system supposed to be either “opposing”’ or “‘aid- 
ing?”’ According to formulation (I), taken entirely 
literally, the system should “partially undo this per- 
turbation,”’ but since “perturbation” is not an easy 
word to interpret, there is added the explanatory ex- 
pression “‘oppose the stress.”” And what is the stress in 
this case? The increase in temperature in the sur- 
roundings. The environment (I propose to use this 
word, because “surroundings” is singular in grammar, 
although ending in “s,’’ and leads to expressions like 
“the surroundings is. . .” or “the surroundings were. . .”’ 
which are inelegant)—the environment underwent a 
rise in temperature. What was the reaction of the sys- 
tem (supposed embedded in the environment) to this 
perturbation or stress? It absorbed heat, thereby re- 
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ducing the temperature of the environment. That is 
to say, it acted to “partially undo this perturbation 
(oppose the stress).’”’ But the stress was the change 
in temperature of the environment, not (as de Heer mis- 
reads) the heat transfer, which was an exchange of energy 
between the environment and system, resulting from 
the perturbation or stress. 

It may be noted that Le Chatelier’s principle is valid 
here even if the only change wrought upon the system 
is a physical change. If there is no chemical reaction, 
the system absorbs heat when the environment. in- 
creases in temperature. If a chemical equilibrium is 
displaced as a result of the temperature change, the sys- 
tem absorbs even more heat, in other words, it opposes 
the perturbation (stress) by a greater amount than if 
there were no chemical change. 

The second case discussed by de Heer is an increase 
in volume of the system from V to VV + 6V. There isa 
corresponding change in pressure, 6P, if there is no 
chemical reaction, 6P if a chemical equilibrium is dis- 
placed. Then 6P < 6Po, and de Heer concludes ‘The 
reaction indeed, in this indirect way, ‘opposes’ the 
volume change.”’ But the volume change of the sys- 
tem is not a stress imposed upon the system, which it 
could either “oppose” or “aid.”” The volume change 
must have been brought about by a pressure change in 
the environment. The principle cannot be applied at «ll 
unless the question is reformulated, speaking not of a 
change in volume of the system, but of a change in 
pressure of the environment from P to P —éP. The 
system expands, so as to counteract this change. It 
expands by an amount 6V, if there is no chemical 
change. If equilibrium is displaced, the reaction takes 
place in the direction giving an increase in volume, 
and 6V > 6V». 

de Heer discusses an interesting case in the equilib- 
rium system + 3H: = 2NH;. If the system con- 
tains more than 50 mole % nitrogen, then the addition 
of more nitrogen at constant pressure results in a dis- 
placement of the equilibrium from right to left, with the 
formation of even more nitrogen. In attempting to 
apply the Le Chatelier principle here, it is difficult to 
see how the addition of a material substance to thie 
system can be construed as a perturbation of the e- 
vironment. But if an attempt be made to do this, it 
must be noticed that such a change can never occur 
singly. In this example, the addition is to be made :t 
constant pressure; this implies that the volume mu-t 
change. And if the addition were made at constait 
volume, the pressure must change. In either cas, 


there are two kinds of changes to be considered, and it 's 
(Continued on page 134) 
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TION 


‘SACRED COW” 


T' ue editor of THIs JouRNAL has asked me to comment 
upon the preceding article by Anthony Standen (/). 
I shall devote the main portion of this reply to Stan- 
den’s scientific arguments, which are mostly mislead- 
ing or irrelevant, and in part plainly incorrect. As 
for the more general implications, I am equally critical 
of some of his statements, although here I admit that 
our disagreement is largely due to our widely different 
views on the relation between science and philosophy. 
Since I barely touched upon this topic in my original 
paper (2), I welcome the opportunity to elaborate upon 
my ideas concerned in the latter part of this note. 

Let me first comment upon the use of the words 
perturbation or stress in the formulation of the Le 
Chatelier-Braun principle in its usual vague form (I) 
(1, 2).!_ In other branches of science these terms often 
refer to well-defined notions. We might mention, in 
this connection, “perturbation theory” in quantum 
mechanics and the study of “stress” in applied mechan- 
ices. But within the framework of “principle (I)’’ the 
use of these words is unfortunate, because here “per- 
turbation”’ or “stress” suggests an organismic associa- 
tion with “something unpleasant.” This, in turn, par- 
tially accounts for the psychological satisfaction which 
we find in this “principle,” since it tells us that Mother 
Nature is always ready to resist any such discomfort. 
[We shall return to this point later.] It would be much 
better in this case to speak of a “change,” a word with- 
out such emotional content (“it is time for a change” 
has not yet been accepted as a scientific principle!). 
But whatever word one chooses, one has to consider 
changes in any of the thermodynamic state variables 
of the system under consideration, changes imposed 
in a specific and unambiguous way. Confusion does 
not enter till we talk about opposing or relieving such 
changes. Let me clarify my position by returning 
to the first two examples in the qualitative discussion of 
my paper (2), the isobaric temperature increase and the 
adiabatic volume increase. Standen misunderstands 
me completely when he says (/) that I consider “‘prin- 
ciple (I)”’ invalid in the former, valid in the latter case. 
I tried to emphasize that, since the system cannot in 


any direct way undo the change in the state variable. 


concerned, “principle (I),” taken literally, is nonsense 
in both cases. The system can only react indirectly and 
I agree entirely with Standen that the use of the words 
“oppose” or “relieve” is ambiguous here. As a matter 
of fact, the same relation: 


% (a) 


reierring to the isobaric temperature increase (2) is 


' To be referred to hereafter as “principle (I) ”’ 
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called upon by some authors to show that systems “‘op- 
pose a change’ and by others to confirm that systems 
“relieve a change.” It all depends on what semantic 
rules one arbitrarily adopts in linking these expres- 
sions to the induced secondary changes in the conjugate 
state variables of the systems. A similar ambiguity 
exists with respect to the result: 


|6P | < | (b) 


referring to the adiabatic volume increase (2). The 
important point is that (a) and (b) are mutually con- 
tradictory with respect to “principle (I).”’ That is, 
either (a) or (b), by a proper selection of terminology 
and semantic rules, can be interpreted to validate the 
principle, in an indirect way, but then automatically 
the other equation contradicts it. This is the Ehren- 
fest dichotomy with respect to changes in intensive or 
extensive variables, as frequently referred to in my 
paper (2). One simply cannot get around this dichot- 
omy and a salvation of “principle (I)”’ as a universal 
law is only possible if one couples its arbitrary inter- 
pretation, as explained above, with an elimination of 
changes in either intensive or extensive state variables, 
justifiable within the framework of the formulation of the 
principle itself. Apparently Standen is fully aware of 
this predicament for, notwithstanding his earlier re- 
marks, he proceeds to present arguments intended to 
show that changes in extensive variables are really not 
“stresses” proper.2, Now I simply fail to see that re- 
lating some of the changes concerned to the environ- 
ment (obviously itself a rather vague notion in Stan- 
den’s vocabulary) bears any relevance to the problem 
whatsoever. Moreover, to say that “the volume 
change must*® have been brought about by a pressure 
change in the environment” (/), is entirely incorrect. 
Thus, in order to study a specific volume increase upon 
the equilibrium of a gas reaction, we can connect the 
reaction chamber with an evacuated space and break 
the partition.‘ In order to maintain his position, 
Standen would also have to postulate that entropy 
changes of a system must be brought about by a tem- 
perature change in the environment. Again this is 
(Continued on page 135) 


? It is amusing to note that Standen first observes that ‘“‘per- 
turbation”’ and “stress” are no easy words to interpret, and sub- 
sequently considers it nearly obvious that a pressure change is, 
a volume change is not a “‘stress.”’ 

3 Italics mine. 

* We hope that no one will maintain that creating this vacuum 
in the first place will change the barometric pressure of the en- 
vironment. If one is bothered by this, one may think of all 
gases, originally present in the space to be evacuated, as being 
either bound chemically or adsorbed physically by proper re- 


agents. 
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possible that they may pull in different directions. 
When nitrogen is added at constant pressure, the in- 
crease in partial pressure of nitrogen tends to displace 
the equilibrium to the right, but the decrease in partial 
pressure of hydrogen tends (proportionately to the 
cube of the fugacity) to displace the equilibrium to the 
left. It is interesting to see that the net result may be 
either one way or the other, according to the original 
percentage of nitrogen, but it is not a contradiction of a 
principle which, even if it can be applied at all (which 
is doubtful), does not give a univocal indication. 

What, indeed, can be changed in the environment be- 
sides temperature and pressure? It is hard to say. 
To change the volume of the environment obviously 
makes no difference at all. A case in point would be 
moving a small sealed tube from a 2-cu.ft. thermostat 
to a 3-cu.ft. thermostat at the same temperature. Nor 
does it make any difference to the system within the 
sealed tube whether the fluid in the thermostat is air, 
water, or oil. Of course, we might bombard the sys- 
tem, from the environment, with protons, deuterons, 
any other ’ons, or even plain ordinary light, but then 
we would set up conditions that are generally regarded 
as without the field of classical thermodynamics. 

de Heer arrives at two much more precise formula- 
tions, to replace (I). 


The change of an intensive variable caused by changing the corre- 
sponding extensive variable is smaller if chemical equilibrium is 
maintained than if no reaction could take place in the system —(ITa) 


The change of an extensive variable caused by changing the corre- 
sponding intensive variable is larger if chemical equilibrium is 
maintained than if no reaction could take place in the system.—(IIb) 


Referring to the original formulation (I), it can be 
seen that it expresses the same truth as (IIb), but in a 
different manner. It focuses on changes in the environ- 
ment, and speaks of corresponding changes in the sys- 
tem; in this way it is necessarily limited to changes in 
intensive variables. With formulations (IIa) and 
(IIb), de Heer has an elegant extension of Le Chatelier’s 
principle. By shifting the focus to changes in the sys- 
tem, it is able to comprehend both intensive and ex- 
tensive changes, and to show in each case whether the 
corresponding change is larger if chemical reaction takes 
place, or smaller. This combines intellectual satis- 
faction with usefulness—and what else is science for? 
But Le Chatelier’s principle, in one way more limited, 
is also in another way much wider. Its application is 
in no way confined to cases where a chemical change 
can take place. It may have been formulated by physi- 
cal chemists, who may have had in mind its use in con- 
sidering the direction in which a chemical equilibrium 
would be displaced by a given environmental change, 
but its validity has a wide generality throughout phys- 
ics. Even the principle of inertia (Newton’s first and 
second laws of motion) can be considered an example of 
it. It is not applicable, of course, to metastable sys- 
tems. If a substance is placed in an environment 
hotter than itself, it absorbs heat thereby reducing the 
temperature of the environment, but this would not 
hold indefinitely for gunpowder. If a neutron “hits” 
a U** nucleus, it triggers the release of a vast amount 


134 


of energy, and there are of course many other similar 
cases, which can usually be recognized without much 
difficulty. But by and large, Le Chatelier’s princi le 
not only makes sense, it makes uncommonly good co1- 
mon sense. So much so that various writers have ce- 
scribed it as a “principle of moderation,” a “principle of 
action and reaction,” a “principle of ability of adapta- 
tion” and a “principle to preserve status as much :s 
possible.”’ de Heer notes these, and describes them .s 
“almost metaphysical.” He is distressed to find, in a 
popular textbook of physical chemistry, ‘This. . . is a 
principle of broad and general utility, and it can be ap- 
plied not only to chemical equilibria, but to equilibrium 
states in any physical system. It is indeed possible 
that it can be applied also with good success in the 
psychological, economic, and sociological fields.’ 

It certainly is possible. If there is an increase in tlie 
purchasing power of the public, prices will go up, 
thereby reducing the available cash money; if there are 
altogether too many people in an overcrowded area, 
some of them will start leaving it; if one nation becomes 
intolerably aggressive, there is a war; if crooked politi- 
cians bilk the public too much and for too long, they 
may be thrown out at the next election. In these 
fields the precision is of course much less than in the 
physical sciences, and the “metastable” cases are per- 
haps harder to recognize, but this is inherent in the 
nature of their subject matter. Provided it is taken 
as implying no greater precision than the subject mat- 
ter permits, it seems very plausible to extend the appli- 
cation of Le Chatelier’s principle very widely indeed. 

Is such an extension “almost metaphysical?” It is 
hard to say, for it is so difficult to know what “meta- 
physical’ means. The Concise Oxford Dictionary 
gives as some of its meanings “based on abstract gen- 
eral reasoning; oversubtle, incorporeal.’”’ Perhaps it is 
all of these things to consider whether Le Chatelier’s 
principle has some validity (as much as the subject 
matter permits) in economics and sociology. Perhaps 
this deserves the epithet “metaphysical” with a tone of 
contempt. But then thermodynamics is “metaphysi- 
cal’ in the dictionary meaning of the term! 

For what is the basis of all this talk about ‘‘system” 
and “environment” or “surroundings?” We all know 
how it is in thermodynamics. The system is enclosed 
in a sort of cylinder, made of a totally non-heat-conduct- 
ing material. Or sometimes it is heat-conducting; we 
can change it at will. Presumably we remove a sort 
of cover, which is.a perfect insulator. At the top of the 
cylinder is a piston, which is frictionless, but neverthe- 
less the piston rings (or whatever device is used) are 


leak-proof. A neat little weight, 5W, (or perhaps 6/)). 


is placed on the piston—the reaction takes place, ever 
so slowly; it must not be allowed to proceed at any 
finite rate, but nevertheless the pressure changes, and 
the “system” is always at equilibrium. All this is the 
very stuff of thermodynamics, and students absorb it 
every day. But is it not “based on abstract gener:! 
reasoning?” It certainly is. And is it not also “over- 
subtle?” And even “incorporeal?” If so, it is meta- 
physical. 

In any case, it certainly isn’t plain down to earth 
physical, that’s for sure. 


(Continued on page 136) 
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(de Heer continued from page 133) 


simply not true; we can introduce an amount of heat 
into an isolated system by combustion of some material 
inside it. We can see no apparent reason whatsoever, 
which would justify us to eliminate changes in extensive 
variables as “improper” perturbations. Consequently 
the inner contradiction, mentioned above, cannot be 
eliminated either. 

Let us now turn to the third and last example in my 
paper (2), the formation of ammonia from the elements, 
at constant (total) pressure and temperature. Here 
Standen and I agree at least in our final conclusion, 
namely that the applicability of “principle (I)” is 
doubtful. Standen arrives at this conclusion, however, 
by a series of arguments (/), very different from my 
analysis. In part his reasons for dismissing this equilib- 
rium from the discussion as an “unfair case” are based 
again on his views of what are and what are not “per- 
turbations proper” and how this has to be related to 
some “environment.” These ideas have already been 
dealt with above. In addition, however, Standen 
presents here a new and very misleading argument: 
The nitrogen addition, at constant P and 7’, involves a 
volume change also. Thus, according to Standen, we 
have a more “complex” system here, one involving 
two kinds of changes, as opposed to the preceding 
“simple” examples, in which we have only one change. 
It is easy to see, however, that this apparent difference 
disappears entirely if we analyze the situation a little 
more carefully. 

In fact, changes are never restricted to one couple of 
state variables. Thus, for example, the “simple’’ iso- 
baric temperature increase does not only change the en- 
tropy of the system under consideration (and induce an 
endothermic reaction), but it is also coupled with a 
volume increase. Again, an adiabatic volume (or 
pressure) change does not only affect the pressure (or 
volume) but is also associated with a temperature 
change. Multiple changes only then constitute a more 
complex process if these changes are made independent 
of each other. In such a case the effects upon the chem- 
ical equilibrium are additive and, as Standen suggests, 
“they may pull in different directions.”” But adding 
nitrogen to our gas mixture at constant P and T is not 
such a complex change: The volume change involved, 
éV, is entirely determined by the amount of nitrogen 
added, 6nx,. The consequences with respect to the 
equilibrium are accurately described by the correct 
principle (II) of my paper (2)... And again, the dangers 
inherent in an uncritical application of “principle (I)”’ 
are by no means “obvious.” 

So far we have restricted the scope of the discussion 
to the domain of physical chemistry. As soon as we 
attempt to relate “principle (I)” to economics, biology, 
sociology, psychology, etc., we not only have to con- 


sider the intricate complexities of each of these fields, 


but we also become deeply involved with philosophy 
and its link to science. For, in the first place, we chal- 
leuge the alleged universal validity of “principle (1)”’ in 
any of the areas mentioned. And in the second place 


See in particular equations (28a) and (286) and their inter- 
prctation. Here the irrelevance of auxiliary changes, if depend- 
eni upon the change in “‘action variables,”’ is implicit in the formula- 
tion. 
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the question arises as to how all this is related to the 
analysis of specific physico-chemical equilibria. 
This is not the place to enter into a detailed dis- 


cussion of economics, biology, psychology, or sociology. 


Undoubtedly in each of these fields we can find many 
“Le Chatelier type equilibria.” We maintain, how- 
ever, that against these one may find, in each area, 
many other equilibria which, if subjected to a “‘per- 
turbation,” react in the exact opposite sense. If this 
were not the case, there could be no economic inflation, 
biological evolution, and no psychological breakdown. 
Standen might counter here, that in each of the latter 
cases we are dealing with one of those “hard to recog- 
nize’ metastable systems, while “principle (I)”’ does 
apply only to all stable systems. The qualification 
“hard to recognize” clearly hits upon the essence of the 
difficulties associated with this point of view. For un- 
less there is for each and any one of these examples an 
independent way to define “stable’’ and ‘“‘metastable”’ 
systems, the Le Chatelier criterion becomes merely 
such a definition and all statements about its applica- 
bility or non-applicability become tautological. It is 
interesting to note that the “Le Chatelier type equilib- 
ria” are usually the more desirable ones. The “prin- 
ciple” seems to make so much “common sense’ be- 
cause we like to forget about the other cases; it has 
truly become “a sacred cow,” nourished by our wishful 
thinking. 

What has all this to do with “metaphysics?” Let me 
first say that I am not interested in ‘“oversubtle, in- 
corporeal” dictionary definitions. I use the term with 
the positive and precise meaning suggested by Philipp 
Frank (3): “Direct interpretation of the basic princi- 
ples of science in terms of common sense or everyday 
experience.” This is exactly what Standen is after 
even although, as we indicated above, the common 
sense analogy is in part illusory here. It is true that 
much of our thinking is based upon such common sense 
analogies. As has been so clearly expressed by Steb- 
bing (4), we may use these in two ways in science: (7) 
for the sake of making some difficult topic easier to 
understand and (77) in order to establish a conclusion. 
The former use, as all teachers of science will confirm, 
can be very fruitful, the latter use is extremely danger- 
ous. For, as Stebbing points out, the argument by 
analogy is incapable of establishing any scientific con- 
clusion at all: ‘The latter stands just as much in need 
of testing as though it had never been arrived at by 
the process of thinking by analogy (4).” The Le 
Chatelier principle in its usual form is metaphysical 
in the sense that it is based upon such common sense 
analogies, themselves of dubious validity, while, at the 
same time, it cannot survive a critical scientific analysis. 
For a more general discussion of the relations between 
science and common sense we refer to Philipp Frank’s 
recent book on the philosophy of science (4). 

In conclusion, we can only reaffirm our conviction 
that principle (I) is vague and ambiguous. Its ap- 
plicability to chemical problems not only requires an 
arbitrary interpretation (choice of semantic rules), but 
also a careful restriction in the type of perturbations to 
be considered, a restriction which cannot be justified 
within the framework of the formulation of the prin- 
ciple itself. Its alleged universal validity is equally 
illusory, but nevertheless forms the basis for a meta- 
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physical interpretation which accounts for much of its 
psychological appeal. 
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(Continued from page 134) 
THERE are many points of agreement between de Heer 
and myself, and I would far rather dwell on agreem«nt 
than disagreement. I share his dislike of the formuta- 
tion of “principle (I).”’ I consider the words stériss 
and perturbation to be imprecise and “loaded.”’ Bu: / 
didn’t choose them, and neither did he! 

Any fairly precise thinker in the physical sciences 
should be able to frame a better formulation of Le 
Chatelier’s principle than the one de Heer quotys. 
The point is, as I see it, that there zs a principle to 
be formulated; a principle that is true, worth while, 
and widely (though not universally) applicable. 


ANTHONY STANDEN 


REVISED INORGANIC (STOCK) NOMENCLATURE 
FOR THE GENERAL CHEMISTRY STUDENT 


Arremprs to reform and systematize inorganic no- 


menclature date to the early 1900’s. Rosenheim and 
Koppel! suggested the use of arabic numerals in defining 
the number of atoms in a binary compound. Thus the 
oxide, Fe,O3, would be 2-iron 3-oxide. This system was 
severely criticized by Stock? and by Jordis* as being too 
cumbersome and having no advantages over the Brau- 
ner‘ suffix system (different suffixes for each of eight 
oxidation numbers). Even at this time the practice of 
using Roman numerals to define the oxidation state of 
an atom was common. 

In the 1920’s, commissions and committees were 
formed to examine the problem of nomenclature in de- 
tail. The recommendations of these bodies incorpo- 
rated many of the suggestions of Stock and of Werner.® 
The most comprehensive report, and probably to date 
the most authoritative, is that of the International 
Union of Pure and Applied Chemistry of 1940.6 The 
recommendations made by this body are essentially 
those that the writer wishes to point up and to urge 
strongly that teachers in secondary schools and colleges 
use in their instruction of nomenclature. 

The writer has had the pleasure of participating as a 


1 RosENHEIM, A., AND I. Kopre., Chem.-Zig., 33, 101-2, 110- 
12 (1909). 

2 Srock, A., Chem. Zig., 33, 205 (1909). 

3 Jorpis, E., Chem. Ztg., 33, 162 (1909). 

4 Brauner, B., Z. anorg. Chem., 32, 10 (1902). 

5Srock, A., Z. angew. Chem., 32(1), 373 (1919); 33(1), 79 
(1920); Angew. Chem., 47, 568 (1934). RosmNnHEIM, A., Angew. 
Chem., 33, 78 (1920). Deering, M., Reform of the Nomencla- 
ture of Inorganic Chemistry (Report of Commission) Chem. 
Weekblad, 23, 86 (1926). 

6 JontissEN, W. P., er J. Chem. Soc., 1940, 1404-15; 
J. Am. Chem. Soc., 63, 889 (1941); Ber., A73, 53-70 (1940). 
Scorr, J., Chem. Revs., 32, 73 (1943). 
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lecturer, director and/or co-director of a number of 
Summer Institute programs at both the high school and 
college teachers’ level, and has been dismayed at the 
almost complete lack of knowledge by the registrants of 
the Stock (I.U.P.A.C.) recommendations in inorganic 
nomenclature. Actually, this situation is not surpris- 
ing. Very few general chemistry texts and, to the best 
of the writer’s knowledge, no high school texts even 
mention the revised inorganic nomenclature. General 
review articles often have been largely limited to the 
more specific areas of coordination compounds (apply- 
ing Stock-Werner principles), published in journals not 
usually read by many of the freshman chemistry teach- 
ers, and certainly not available to the vast majority of 
secondary school science teachers. 

This discussion is intended to be a review of the gen- 
eral principles of Stock nomenclature. Some of its 
limitations and inadequacies are included, as well «s 
certain proposals which can serve as extensions of the 
Stock system for adoption to ternary systems. 

There are advocates of the policy that a name is un- 
necessary, that a compound whose formula is not de- 
scribed by the classical prefixes and suffixes may simp!y 
be referred to either orally or in writing by formula. 
This writer is of the firm opinion that a compound 
should have a name, permitting even those with a mii.i- 
mum of training to transform this name to a formu!:. 
There are, of course, instances when the name may not 
be completely descriptive insofar as the crystal structu’e 
is concerned or where the stoichiometry is imperfe:t 
(as certain of the heavy metal oxides). As a genera i- 
zation, it is suggested that the fewer the trivial names :1 
inorganic chemistry, the better. 

The use of prefixes to define the atomic relationshi))s 
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(di-, tri-, etc.) is still acceptable to the Nomenclature 
Committee of the I.U.P.A.C.; however, even such pre- 
fixes lead to uncertainty in many cases. An example is 
the compound chlorine monoxide. Either CleO or ClO 
might represent the formula of such a compound. The 
writer encountered this ambiguity recently in searching 
Chemical Abstracts for information on ClO. The ab- 
stractor of a particular article referred by formula to the 
compound ‘“‘ClO.”” The properties and chemistry were 
obviously meant to relate to ClO. The original article 
proved that ClO was the compound under discussion 
and that it was named by the original author as ‘“‘chlo- 
rine monoxide.” The abstractor had taken the liberty 
of giving the formula “ClO” throughout his abstract to 
the compound “chlorine monoxide.” 

A system of nomenclature should be sufficiently flexi- 
ble to permit naming a compound whether or not it is 
stable or is presently known to exist. Thus, through 
methods not now known, it may be possible to prepare 
such compounds as Fe.O;, FeO;, ClBr;, AgCl,, ete. No 
difficulty would be encountered in naming such com- 
pounds if the Stock system were generally used. 


THE STOCK SYSTEM APPLIED TO TEACHING GEN- 
ERAL CHEMISTRY NOMENCLATURE 


Only the parts of the Stock system are discussed here 
which appear to be directly applicable to the general or 
introductory course in chemistry. 

The more metallic element is named (without a suffix) 
followed by the oxidation state as a Roman numeral in 
parentheses. The anion is then named. A number of 
examples are cited in Table 1. 


TABLE 1 
Some Binary Compounds Named Using Stock Nomencla- 
ture 
Formula Old name Stock name 
CuCl Cuprous chloride Copper(I) chloride 
CuCl. Cupric chloride Copper(IT) chloride 
Copper trioxide Copper(IIT) oxide 
NiO Nickelous oxide Nickel(II) oxide 
Nickelic oxide Nickel(ITT) oxide 
NiO, Nickel dioxide Nickel(IV) oxide 
FeO Ferrous oxide Iron(II) oxide 
Ferric oxide Tron(IITI) oxide 
Fe;O, Magnetic oxide of iron Iron(II, III) oxide 
(triiron tetraoxide) 
CrO Chromous oxide Chromium(II) oxide 
Chromic oxide Chromium(IIT) oxide 
CrO; Chromic anhydride (or Chromium(VI) oxide 
chromium trioxide) 
PbO Plumbous_ oxide, lead Lead(II) oxide 


monoxide 
Pb.O; Lead trioxide (sesquiox- Lead(III) oxide, or 


Pb.Og Lead(II, II, IV) oxide 
(see also Table 4) 

MnCl, Manganous chloride Manganese(II) chloride 

Mn(OH); Manganese trihydroxide hydrox- 
ide 

Mach Manganese tetrachloride Manganese(IV) chloride 

Mn.0; Manganese pentoxide Manganese(V) oxide 

Mn.0; Manganese heptoxide Manganese( VII) oxide 


ide), plumbous plumb- Lead(II, IV) oxide (see 
te 


a 
Lead tetroxide, red lead 


also Table 4) 


The examples above are sufficient in number to show 


the inconsistencies in the older nomenclature as well as 
the uniformity and simplicity of the Stock name. The 
highly unsatisfactory and ambiguous names for such an 
oxide as CrO;, chromic anhydride or chromium trioxide 
(CreO; would also be named chromium trioxide), are no 
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longer needed. The student is not confronted with an 
abrupt end to his system of using -ous and -ic suffixes 
when more than two oxidation levels are encountered for 
a given metal. 

The writer is suggesting (and indeed the recommen- 
dation has been made by the I.U.P.A.C.) that the Stock 
system be extended to such oxides noted above as 
Fe;O, and Pb;O,. No claim is made that the use of the 
name iron(II,III) oxide for the compound Fe;O, de- 
scribes the crystalline state; likewise for the compound 
Pb;O,. The use of the two Roman numerals (II) and 
one numeral (IV) will show that the ultimate ratio of 
lead and oxygen atoms is 3 : 4. If the compound is to 
be named as a lead salt, the Stock system serves very 
adequately (see Table 4). 

The -ous and -ic suffixes have been sanctioned by the 
I.U.P.A.C. when no ambiguity is possible. The author 
feels that even for such metal ions as Cu+, Cut+*, Fe**, 
Fe+*, Hg.++, Hg++, Co++ and the Stock system 
should be adhered to and the system used consistently 
throughout any paper, text, or article. Certainly oxi- 
dation levels greater than +2 for copper are known, as 
well as levels greater than +3 for iron and cobalt are 
known. The chemistry of Ag(I), Ag(IT) and Ag(ITT) 
compounds also points to the need and convenience of 
Stock principles. The definition of -ic as the higher 
oxidation state is thus not only noninformative but mis- 
leading. The name cupric chloride for CuCl: is to the 
first year chemistry student, then, little better than a 
trivial name. 

The existence of suboxidation levels for such elements 
as silicon and aluminum, though probably not men- 
tioned in many general chemistry texts, must certainly 
be recognized. A suitable systematic nomenclature 
should be at hand to permit naming compounds in 
which such oxidation levels exist. The compounds 
SiO and AlO are simply named silicon(II) oxide and 
aluminum(II) oxide, respectively. 

The author readily concedes that the designation of 
oxidation levels for ordinarily nonvariant metals as 
those in Groups IA and IIA, as well as aluminum, is 
usually unnecessary. The Stock system does permit 
the definite specification of oxidation level when needed. 


APPLICATION OF;STOCK NOMENCLATURE TO BINARY 
COMPOUNDS OF NONMETALS [WITH NONMETALS 


There is no reason why compounds resulting from the 
combination of nonmetals with nonmetals should not be 
named applying the same principles as applied for 
metals in combination with nonmetals. Some ex- 
amples of the former type compounds are given in 
Table 2. 

The constancy of the —2 oxidation level of combined 
oxygen leaves no ambiguity in the formulation of the 
oxides from the Stock name. Thus, chlorine(IV) 
oxide could not be written other than ClO., whereas 
chlorine dioxide might be ClO, or ClO. The latter 
would be named as the dimer of chlorine(II) oxide. 
Chlorine trioxide might be ClO; or ClO:. An anomaly 
does arise in the naming of oxygen difluoride, OF2, by 
the Stock system. The oxygen atom is probably more 
electropositive than fluorine; however, one is reluctant 
to assign a positive two oxidation state to the oxygen. 
The recommended name would then be oxygen difluo- 
ride. 
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TABLE 2 
Stock Names for Some Nonmetal-Nonmetal Compounds 


Stock name 
Cl.O Chlorine(I) oxide 
Chlorine(II1) oxide 
Clo, Chlorine(IV) oxide 
Cl.O¢ Dimer of chlorine(VI) oxide 
Nitrogen(I) oxide 
NO, Nitrogen(IV) oxide 
NO, Dimer of nitrogen(IV) oxide 
N20; Nitrogen(V) oxide 
Phosphorus(III) chloride 
POC), Phosphorus( V) oxychloride 
IF; Todine( VII) fluoride 
PCI, Phosphorus(V) chloride 
SCl, Sulfur(II) chloride 
SF, Sulfur(IV) fluoride 
SF, Sulfur( VI) fluoride 


The designation of the oxidation level by the Roman 
numeral does not constitute a dogmatic statement as to 
the degree of ionic valency of the metal-nonmetal bond. 
The fact that nitrogen in nitrogen(II) oxide and the 
copper in copper(II) oxide are both divalent need not 
mean that the oxides are equally ionic. A Stock name 
is only intended to permit the unambiguous formulation 
of a given compound. 

The use of the per-prefix for true peroxy compounds 
or peroxides is still desirable. It would be erroneous to 
name BaO, as barium(IV) oxide or Na2O2 as sodium(IT) 
oxide. An improvement in peroxide nomenclature to 
permit clear formulation and differentiation from oxides 
is needed. The oxides and peroxides of potassium; 
K:O2, K203, KO2, (K20,) and KO; are difficult to 
name by any of the presently accepted systems. Pre- 
fixes such as mono-, di-, tri-, etc., would be needed. 


THE APPLICATION OF STOCK-WERNER SYSTEM TO 
COMMONLY ENCOUNTERED COMPLEX ENTITIES 


The principles of the  tock-Werner system are herein 
discussed which permit the first year student to name 
complexes most likely to be encountered in general 
chemistry and qualitative analysis. Certain complex 
entities composed of organic chelate groups, bridged 
complexes and polynuclear systems, need not be and 
usually are not considered in the first year course. 

The suffix for all anionic complexes is -ate. The 
suffix for all complex acids is -ic. The metal atom 
(ionically associated as a cation with the complex) is 
named first followed by its oxidation state as a Roman 
numeral in parentheses. The complex anion is next 
named. The number of coordinated groups is desig- 
nated using prefixes mono-, di-, tri-, etc. The central 
metal is then designated using the -ate suffix, followed by 
the oxidation state of this atom as a Roman numeral in 
parentheses. A specific example is 
The name is copper(II) hexacyanoferrate(III). Nega- 
tive ions (ligands) coordinated to the central metal are 
assigned an o suffix as: NO.~, nitro; Cl-, chloro; I-, 
todo; CN~, cyano; OH~-, hydroxo; CO;~~, carbanato. 
The NH, ligand is ammine and H,O is aquo. When 
both negative and neutral groups are coordinated to a 
central metal atom, the negative group(s) is named 
first, followed by the neutral ligand(s), then the central 
atom, followed by the oxidation state. An example is 
named as dichlorotetraammineco- 
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balt(III) chloride. Table 3 includes examples of nog. 
ative, neutral, and positive complexes. 


TABLE 3 
Nomenclature of Some Complex Entities 


Formula Stock-Werner name 
Na.[SnCh] Sodium tetrachlorostannate(I1) 
Na.[SnCle] Sodium hexachlorostannate(IV) 
(PtCl,] ~~ Hexachloroplatinate(IV) ion 
H,[PtCh] Tetrachloroplatinic(II) acid 

Cu(CN)s] Dicyanocuprate(I) ion 

Fe(CN ~4 Hexacyanoferrate(II) ion 

Co( Hexanitrocobaltate(III) ion 
Co(NH;),COs] * Carbanatotetramminecobalt(III) ion: 
Co(NHs3)s3Cls] Trichlorotriamminecobalt(ITI) 


Cd(H.0),] +* Tetraquocadmium(II) ion* 

Hexachlorostibnate(V) ion 
Zn(NH;),4] Cl. Tetramminezinc(II) chloride* 
Na[Al(OH),] Sodium tetrahydroxoaluminate(III) 


® The a of tetra may be omitted when followed by ammine or 
aquo. 


In practice, the designation of the oxidation level of 
the zine and aluminum for the two last-mentioned com- 
plex compounds above is unnecessary due to the nearly 
nonvariant oxidation levels of these two central metal 
atoms. For consistency in naming complex entities it 
seems advisable to designate the oxidation levels of the 
central atom in all cases. The use of aquo for coordi- 
nated water molecules is in slight variance with the 
I.U.P.A.C. recommendation that negative ligands use 
an o suffix. 


SUGGESTED ADOPTION OF STOCK-WERNER SYSTEM 
TO COMMON OXY-ANIONS 


The writer wishes to present (for comment and 
criticism) an extension of the Stock-Werner system to 
oxy-anions. There is nothing essentially new in this 
extension, since the suffix for all anions would still be 
-ate, and the oxidation state of the central atom would 
be designated by the Roman numeral. When an ion 
may have more than one form (as in the ortho, meta, or 
pyro hydration states) it would be possible to designate 
the number of associated oxygen atoms by oxo. When 
no confusion is likely to result (as in the case of NO;~, 
SO,--, SO;--) the ozo term would be neglected. 
Table 4 includes some examples. 

The list could be continued. By way of criticism, it 
is admitted that for those who have spent their profes- 
sional careers using the classical names of ions and who 
know the chemistry of the elements involved, the des- 
ignation by the oxo term would seem cumbersome aid 
unnecessary; however, with the ever-broadening field 
of inorganic chemistry even those trained in this over- 
all area have trouble in keeping up with the literature in 
all of the chemistry of the metals. It is further recog- 
nized that in certain of the thio and polythioanions, 110 
single oxidation state for the sulfur exists. The use of 
the average oxidation state is indicated in certain ex- 
amples in the above table. In defense, the writer would 
prefer the use of the average state rather than to assign 
a trivial name to the ion. Advantages are obvious in 
eliminating the per- prefix to the Group VII metal aid 
nonmetal oxyanions. This prefix has so long been co'- 
fused with the perory prefix (as SO;—~ for peroxymon )- 
sulfuric acid). 

Since it is common and necessary to refer to many of 
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TABLE 4 


erner Principles 


Suggested ——— ~~ of Some Anions Using Stock- 


Formula Name 
~ Cud.-~ Cuprate(I1) ion 
BeQ.~~ Beryllate(II) ion 
\lO.~ — ion (or dioxoaluminate(III) 
ion 
snO;~~ Stannate(IV) ion 
Nitrate(IIT) ion 
NO3~ Nitrate(V) ion 
PbO2~~ Plumbate(II) ion (Pb(PbO.)2 would be Lead 


(IV) plumbate(IT) 


Dihydrogenphosphate(I) ion 

POs~ Metaphosphate(V) ion (or trioxophosphate(V ) 
ion) 

CrO.— Chromate(IIT) ion 

Chromate(VI) ion 

\InO,~~ Manganate(VI) ion 

Mn0,~ Manganate(VII) ion 

Chlorate(I) ion 

ClO;~ Chlorate(V) ion 

10,7 Todate(VIT) ion 

Hexaoxoiodate( VII) ion (instead of para- 
periodate) 

AsS3~ Thioarsenate(III) ion 

AsS,-3 Thioarsenate(V) ion 

AsO8; ~* Oxotrithioarsenate(V) ion 

Sulfate(II) ion 

Sulfate(IV) ion 

$.0,-~ Sulfate(IIT) ion (or tetraoxodisulfate(IIT) ion) 


the transition metal atoms in their various oxidation 
states, the Stock system provides a convenient medium, 
as Cr(VI) in the CrO,—~ ion, Mo(IV) in the MoO;--, 
or Mo(VI) in MoO,-~. 

The problems in the polyphosphates, polysilicates, 
hetero and isopoly ions, etc., are still real. However, a 
combination of Stock and Werner principles would 
greatly simplify the names. A similar situation exists 
in the organo-metallics where Stock nomenclature is 
applicable. 


RECOMMENDED ATOMIC SYMBOL DESIGNATION 


The writer desires to re-emphasize the recommenda- 
tion of the I.U.P.A.C. in atom symbols. Actually 
there is only one change, in that the mass number is to 
be placed above and to the left of the symbol. This 
practice is contrary to that used for many years by the 
nuclear chemist and physicist. There is the obvious 
advantage in following the recommendation of leaving 
the space to the right and above the symbol for the 
ionic charge. Examples are: $He++ for the alpha 
particle; and 3H,* for a tritium molecule-ion. 

In conclusion, it may be stated that the student 
beginning or even well into his chemical training must be 
given a dual “treatment” since he must know classical 
systems. The instruction in Stock and Stock-Werner 
nomenclature should require very little additional time 
or effort. 


* INORGANIC COORDINATION COMPOUNDS IN 


GENERAL CHEMISTRY’ 


Ons criticism which might justifiably be made of many 
of the “general” chemistry courses offered in colleges 
and universities in the United States is the almost com- 
plete exclusion of the topic of inorganic coordination 
compounds. Part of the reason for this omission may 
be that they usually have been referred to as “complex 


inorganic compounds.” Since this area of chemistry. 


has developed quite rapidly in recent years, and has 
become important in such fields as water and oil puri- 
fication, metal cleaning, ore flotation, germicides, 
metal ion control in biological systems, chemical analy- 
sis, solvent extraction, and many others, the study of 
coordination compounds in general chemistry courses 


' Presented before the Division of Chemical Education at the 
130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 
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should oceur quite soon if such courses are to be “gen- 
eral’ in fact as well as in name. 

The objection often advanced that the study of these 
materials is really too difficult to be included in a gen- 
eral course is no longer valid. Indeed, many phases of 
coordination chemistry are better understood and less 
complex than, for example, some areas of the chemistry 
of sodium phosphate or sodium silicate, which are in- 
cluded in introductory courses without any hesitation 
whatever. “Complex” ions are not always complex! 


WERNER’S IDEAS 


Although it would probably not be feasible to intro- 
duce all of the fundamental ideas of Alfred Werner (1), 
much less many of the refinements (2,3) made in coordi- 
nation chemistry since his time, to first-year chemistry 
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of neg. 


students, his ideas concerning the formation of ‘‘second- 
ary valences” or coordinate covalent bonds as funda- 
mental principles of coordination chemistry may cer- 
tainly be discussed. Three postulates of Werner (1) 
which can be included are: 

(1) Each metallic ion has two kinds of valence: 
primary or principal valence (today, electrovalence), 
secondary or auxiliary valence (today, coordinate co- 
valence). 

(2) The number of secondary valences of a metallic 
ion is (usually) fixed (its coordination number); and 
there exists a strong tendency for metallic ions to attain 
this number of secondary valences. 

This strong chemical driving force can be illustrated 
by the equation: 


A 
[Pt(NH3)6]Cl, — + NHs 


in which one chloride ion enters the coordination sphere 
and satisfies a secondary as well as a primary valence 
after one ammonia molecule has been removed from 
the starting material. 

(3) Secondary valences are directed in space. The 
concept of coordination and its relationship to the size, 
nuclear charge, and electron arrangement can be in- 


NH +++ 


L 


Figure 1. Three Schematic Representations of H: 
Chloride 


hale (III) 


cluded, and diagrams such as those in Figure 1 can be 
used to illustrate the bonding and structure of some 
coordination compounds. Atomic models also may be 
used to show the arrangement of ligands about metal 
ions in complexes, and especially to demonstrate iso- 
merism—topics which have proved to be of consider- 
able interest to students in general chemistry. 

In addition, mention can be made of Sidgwick’s 
“Effective Atomic Number” concept (4, 5), and it can 
be pointed out that the formation of coordinate bonds 
enables many metal ions to achieve a stable outer octet 
arrangement of electrons, and that this accounts, in 
part, for the stability of such complexes. For ex- 
ample, the simple cobalt(III) cation has 24 electrons. 
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After the formation of [Co(NH3;)¢.]+*, the metal ion has 


[Co(NH,), ] a) 


gained a share in 12 additional electrons, making a tota| 
of 36. These are presumably arranged in a manner 
analogous to those in the argon atom, resulting in 4 
stable outer octet electronic configuration about. the 
metal ion. Although there are exceptions to this rule, 
it can prove useful in demonstrating one driving force 
for the formation of coordination compounds. 


DEFINITION 


A simplified definition of inorganic coordination com- 
pounds, which can be used in general chemistry courses 
is “compounds formed by the combination of two or 
more substances, each capable of independent exist- 
ence, by means of coordinate covalent bonds.”  Al- 
though this definition is not all-inclusive (a more in- 
clusive but less explanatory one might be ‘compounds 
containing coordinate bonds’’) it enables students to 
grasp the fundamental idea of coordinate bond forma- 
tion. A suitable example is found in the following 
equations: 


ARGON 
CONFIGURATION 


CuSO, + 4NH; [Cu(NH;3),SO, 
Co(Cl0,4). + 6H2O0 — 


which should be differentiated from a reaction such 
as 


CH=CH, + Br. Br—CH.CH,—Br 
APPROPRIATE SUBJECT AREAS 


There are several places in the general chemistry 
course as it is now taught at many institutions, where 
the topic of coordination compounds can be presented 
quite conveniently, thus making it unnecessary to in- 
troduce new topics in an already overcrowded curricu- 
lum. Some of these are described below, and it is 
hoped that these ideas will suggest other appropriate 
places to the reader. 

Water Softening. ‘‘Sequéstration” or metal deacti- 
vation can be discussed as a means of water softening, 
and lecture demonstrations (6) illustrating the process 
can be used quite effectively in teaching this topic. In 
courses which introduce organic chemistry, various 
commercial organic sequestering agents, such as the 
sodium salt of ethylenediaminetetraacetic acid, may be 
mentioned. An equation to illustrate the deactivation 
of calcium ion in hard water by this substance is: 


Cat* + NayCiHizNsO; — + 2Na~ 
soluble 


and the fact that the anion does not dissociate in water 
to produce enough calcium ions to precipitate soap 
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should be emphasized. In courses not including organic 
chemistry, the polyphosphates can be used to illustrate 
this effect. 

The Photographic Fixing Process. The formation of 
a complex inorganic ion is an essential part of the fixing 
process. The dissolution of undeveloped silver halide 
and its subsequent removal from a film or paper may 
be represented by the following equation: 


AgBr + — [Ag(8203)2]~* + Br~ 
soluble soluble 


Carbon Monoxide. A description of the Mond Proc- 
ess (7) for the purification of nickel through the for- 
mation of volatile nickel tetracarbonyl [Ni(CO).,], illus- 
trates an important commercial application of coordi- 
nation. An equation to represent the formation of this 
compound is (8, 9): 


Ni + 4CO — [Ni(CO),] T 
50°C. 


Amphoterism. An explanation of the phenomenon of 
amphoteric behavior of certain metal hydroxides as an 
extension of coordination phenomena helps to clarify a 
situation which frequently confuses many students. 
For example, reaction of the hydrated zinc ion with hy- 
droxide ion may be written as a stepwise process which 
ultimately results in the formation of the zineate anion 
as follows: 


OH- OH- OH 
** = [Zn(H,0)(OH)]* = = 


OH- 
[Zn(H:0)(OH)s]~ = [Zn(OH),] ~ 


Equilibrium. Coordination compounds and their in- 
stability constants are good examples of equilibrium 
phenomena. The fact that cyanide ion will decolorize 
an aqueous solution of hexamminenickel(II) nitrate is 
logically explained on the basis of the greater stability 
of the cyanide complex, which dissociates to a lesser ex- 
tent than the ammonia complex. Instability constant 
expressions may be written and relatively simple prob- 
lems dealing with the subject may be undertaken. 
This can be illustrated with reactions and instability 
constants such as: 


[Ni(NH3;).] ** Ni** + 6NH; 
PKinstay. = 8.4 
[Ni(CN).]-4 = + 6CN- 
PKinstad. = 18.0 


Tables of instability constants are available in the 
literature (2, 3). 

The Transition Elements. The study of the transi- 
tion elements is ideally suited for teaching the topic of 
inorganic coordination compounds since these elements 
form the most stable and the greatest number of such 
substances. 
anide complexes can include (10) mention of the for- 
mation of Prussian blue: 


4Fe + 3[Fe(CN > Fes[Fe(CN 


and its probable identity with Turnbull’s blue. The 
formation of iron(III) ferricyanide can also be men- 
tioned along with its use in the blueprinting industry. 
An exhibit of the variety of intensely colored coordina- 
tion compounds proves effective in stimulating interest 
on the part of students. 
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For example, a discussion of the iron-cy- _ 


Nitrogen and Phosphorus. The study of com- 
pounds of these elements provides an opportunity to 
discuss coordinate covalency and its application to 
coordination compounds. Ammonia, the organic phos- 
phines, organic amines, etc., are excellent examples of 
coordinating agents, and students can usually visualize 
coordination of an available electron pair to metal ions 
quite readily after considering these compounds as co- 
ordinating substances. 

Gold and Silver. One of the few methods for putting 
gold and silver into solution is through the formation 
of the cyanide complex: 

4Au + 8NaCN + 2H.0 + O. 4Na[Au(CN).] + 4NaQH 
soluble 
which can then be reduced by metallic zine to give 
free gold: 
2Na[Au(CN)s] + Zn Nas[Zn(CN),] + 2Au 
soluble 

Biological Aspects. Those general chemistry courses 
in which there are discussions of biologically important 
compounds can include materials such as hemoglobin, 
chlorophyll, and vitamin By», all of which are coordina- 
tion compounds. In addition, the bactericidal activity 
of certain chelating agents (2) has assumed as much im- 
portance in the treatment of disease, as has the metal 
deactivating activity of such materials in the treatment 
of heavy metal poisoning. 

The General Chemistry Laboratory. The laboratory 
is without doubt one of the most effective places for in- 
troducing coordination chemistry, since intense in- 
terest is often aroused in students when they are asked 
to synthesize a stable compound which, to them, has 
unusual bonding properties, as well as an esthetically 
pleasing appearance. A simple, rapid laboratory prep- 
aration of violet barium ethylenediaminetetraacetato- 
cobaltate(III)-4-hydrate, such as that which has been 
used successfully in the first year general chemistry 
course at Wayne State University, can easily be de- 

vised for first-year students by modifying a preparation 
in the literature (//) to suit the facilities available in 
general chemistry laboratories. 
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CHEMICAL STRUCTURE 
AND BIOLOGICAL ACTIVITY 


An Outline Guide to 
Estimating Relationships 


ALFRED BURGER 
University of Virginia, Charlottesville 


Many organic chemists would like to know for what 
biological activities a certain available or projected 
compound might be tested. Conversely, a pharma- 
cologist receiving a chemical compound with an un- 
familiar structure will wonder whether it may fit into a 
series of specific activity tests he is concerned with. 
The vastness of the literature of medicinal chemistry 
offers little encouragement to answering these questions, 
since too many compounds elicit multiple and often 
apparently unrelated biological effects. Neither is it 
possible to conclude from the presence of a given func- 
tional group that the compound will have a well-pre- 
dictable activity. In polyfunctional compounds this 
approach becomes extremely complicated. 

The present tables are to serve as a partial guide to 
estimating relations of chemical structures and biolog- 
ical activities. They can, obviously, not be complete 
but they contain representative examples for most of the 
better-known biological activities of drugs. 

The compounds are arranged according to charac- 
teristic chemical features and functional groups. This 
will enable both chemists and experimental biologists 
to classify a given compound quickly and to find prob- 
able activities of the substance. Those who ask ‘‘what 
types of compounds will exert a given biological ac- 
tion?”’ should consult the respective chapter of a 
standard text on pharmacology (/). 

Because of the multiple overlapping of activities at- 
tributable to certain chemical structures, reference to 
related structural types has been made for most com- 
pounds. Typical, often simplified or schematized 
structures and drugs are listed in the second and third 
columns of the tables. It has not been possible to 
include extensive and complex structural formulas for 
lack of space, and it may be necessary to implement 
these columns by referring to a medium-comprehensive 
text of organic chemistry (2). The biological activities 
listed will be self-explanatory, but again they often are 
rather general and do not refer to specific, carefully 
chosen testing procedures. The terms used may be 
taken as a guide to review articles describing such test 
procedures. Chemists not familiar with all the bio- 
logical terms may wish to consult a standard medical 
dictionary for explanation (3). 
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Biological Activities Associated with Specific Structural Units 


CNS depressant 


Hormonal 
Antibiotic 


Drug prototypes 


Thyroxine 
Tetracycline 


Type structures 


Chemical group 


Ethers (continued) 


| 
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Biological 
activities 


Anticholinergic 
Antimalarial 


Hypnotic 


ine 
yde 


Drug prototypes 
Paralde 


ketal 
rifu 


eb 


Gl 
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Type structures 
ReCOCH:CHCH:NR:2 


Lol 


Chemical group 


Scopolamine 


Antimalarial 


Antibacterial 


NH)NHR’ 


RNHC(= 


Guanidines 


Chlorguanide 
Streptomycin 
Sulfaguanidine 


See also 
Amidines 


Amides 


Mycobacteriostatic 
Bacteriostatic 
Microbistatic 
Antirheumatic 


Fungistatic 
Antipyretic 


Chaulmoogric acid 
Mandelic acid 


Propionic acid 
Salicylic acid 


RCHOHCO:H 
HOArCO:H 


Anthelmintic 
Anesthetic 
Hypnotic 
Neurotoxic 
Antiseptic 


on tetrachloride 


1 chloride 


1,2-Dichloroethane 


Eth 

Car' 

Chloroform 
Tribromoethanol 


BrisCCH:0H 
CCLCHO 


CICH:CH2C! 
CHI; 


CCh 
SHCl; 


Hydrocarbons 


Alcohols 
Amines 
Phenols 


Halogenated Compounds RCl 
See also 


Local anesthetic 


Nutritional 
Vasodilator 


Antimitotic 
Hormonal 


Benzyl alcohol 

Ethano 

Propanol-2 


Amino acids 
Vitamins 


Thyroxine 


3-Pyrid 


RCH(NH:2)CO2H 
ROH, where R is simple or 


See also 


Alcohols 


Excitant, sedative 
Anticonvulsant 


Hydroxy Acids 


Carbohydrates 
Lactones 


Disinfectant 
Radiopaque 


Hexachlorophen 
Chloramines 


phenols 
, RSO:NHCI1 


HCI 


RN 
Iodinated compounds 


Halogenated 


pyridoxine, 


A, 


thiamine 
Riboflavin 
Choline 


Anesthetic 


Cyclopropane 


Hydrocarbons 


Transmethylation 


Vitamins 
Sedatives 


Acetophenone 


(HO)ArCOR 


Analgesic 


Acetophenetidine 


RCONR: 


See also 


Amides 


Anthelmintic 


o-Hydroxypheny] alkyl ke- 


Anticonvulsant 
Cardiotonic 


Hydantoins, hibicon 
Procainamide 


ArCONH(CH2)nNRe 


Amidines 


Anti-irradiation sickness 


tones 


Trihydroxypheny! beheny! 


ArNHCOCH.NR> 


Halucinant 


Constipant 


Vitamin 


Ascorbic acid 


Lactones 


ifeterocyelic-CON R: 
Polyfunctional amides 
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TABLE 2 
Biological Activities Associated with Special Ring Systems 


Ring system 


Drug prototypes 


Biological 
activities 


Indole and condensed 
systems 


Ergotamine 


Lysergic acid diethylamide 


Serotonin 
Reserpine 


Psychotomimetic 
Pressor 

Hypotensive, ataractic 


Isoquinoline 


Emetine 
Papaverine 
Morphine 
Tubocurarine 


Emetic, amebicidal 
Vasodilator 
Analgesic, euphoric 
Curareform 


Phenothiazine 


Phenopropazine 
Promethazine 
Chlorpromazine 


Anthelmintic 
Antiparkinsonism 
Antihistaminic 
Antiemetic, ataractic 


Pyrazolone 


Antipyrine 


Antineuralgic 
Analgesic 


Pyrimidines and con- 
densed systems 


Pyrimethamine 


Antimalarial 


Purines, pteridines 


Caffeine, theophylline 
PGA 


Amethopterine 
6-Mercaptopurine 


Analeptic, diuretic 
itamin 

Antileukemic 

Tumor inhibitory 


Quinolines and con- 
densed systems 


Pamaquine 
Cinchophen 
Surfen 


Antimalarial 
Antiarthritic 
Trypanocidal 
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A COPPER COULOMETER FOR USE WITH LARGE CURRENTS 


THE copper coulometer is a convenient device for 
measuring quantities of electricity in the laboratory. 
However, the size and weight of the copper cathode 
cause difficulties when large currents are to be measured. 
For example, when the current is 15 amperes, a sheet 


of copper large enough to keep the cathode current 
density below the maximum! (0.02 ampere per sq. cm., 
18.6 amperes per sq. ft.) and thick enough to have the 
necessary stiffness is too heavy and too large to weigh 
on a sensitive balance. The use of a number of 
coulometers in parallel is cumbersome and _time- 
consuming. 

This difficulty may be overcome by substituting a 
cathode of stainless steel for the copper cathode in the 


‘CreicntTon, H., JeRMAIN, “Principles and Applications of 
Electrochemistry,’’ John Wiley & Sons, Inc., New York, 1935, 
Vol. 1, p. 22. 
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coulometer while retaining all other features of the 
instrument. At the end of the experiment, the depos- 
ited copper can be stripped from the stainless stee! 
cathode in one piece, folded or rolled up, and weighed 
on a chemical balance (see illustration of a 9!/.- 11 -in. 
cathode). Even very thin deposits can be easily and 
completely stripped in this manner. Preparation of 
the stainless steel cathode is simple and does not 
appear to be critical. This modification of the ordinary 
copper coulometer increases its convenience and makes 
it more economical in the use of time and copper. 

A coulometer recently used in the United States 
Department of the Interior laboratories of the Bureau 
of Mines was made up of one cathode, two anodes, «nd 
nine liters of solution. The cathode was a sheet of 24- 
gauge, 18-8 stainless steel with the top, the edges, «nd 
margins '/,-in. wide insulated with lacquer. ‘The 
dimensions of the plating surfaces were 7 in. X 10'/; 
in. The preparation of the cathode surfaces consisted 
of polishing with 3/0 emery cloth and degreasing with 
carbon tetrachloride. This was done only once every 
15 or 20 times the cathode was used. The insulation 
required retouching only occasionally. The anoles 
were plates of copper with the over-all dimensions 
9in. X 10 in. X '/, in.; the dimensions of the sub- 
merged portions were 7 in. X 10 in. X '/,in. ‘the 
areas of the anodes around the air-liquid interface were 
insulated with stop-off lacquer. The anode-to-anode 
distance was4in. The solution contained 150 g. CuS0,, 
5H.0, 50 g. H.SO, (1.84 sp. gr.), and 50 ml. ethyl a!co- 
hol per liter. 
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Repiacement of hydrogen sulfide by thioacetamide as 
the precipitating agent for the copper-arsenic group in 
some of the qualitative analysis schemes! has prompted 
investigation of its behavior in this role. One study has 
shown that under certain conditions use of this reagent 
may lead to complications in the separation of some 
metallic ions.” 

A study of the activity of thioacetamide with mer- 
cury(II) salts was undertaken, because it was noted 
that the reaction does not yield the same product con- 
sistently. Also, the precipitates have properties dif- 
ferent from those produced by hydrogen sulfide. An 
excess of hydrogen sulfide always yields as the final 
product the black HgS, after proceeding through the 
various colored intermediate compounds.* However, 
the nature of the various colored precipitates produced 
by thioacetamide depends upon the concentration of 
thioacetamide and the pH of the solution as well as the 
type of acid present in the reaction mixture. With a 
molecular ratio of thioacetamide to mercury(II) ion 
greater than 2 in solutions of the appropriate acidity, 
precipitates varying in color from gray and brown to 
bright orange are formed. If this ratio is 2 or less, only 
black HgS results. This fact is substantiated by the 
behavior of a white product prepared from mercury(II) 
chloride and thioacetamide in absolute ethanol which 
was shown to have the composition HgCl.-2CH;CSN He. 
Hydrolysis of this complex in solutions varying in pH 
from 8.0 to 0.1 yields only black HgS. However, these 
hydrolyses in the presence of thioacetamide varying 
from 1 to 3 molar equivalents of complex present yield 
colored precipitates. 

The effect of pH and type of acid on the nature of the 
precipitates is shown by the following data. Solutions 
containing 0.0001 mole of mercury(II) ion and 0.0004 
mole of thioacetamide yield colored precipitates in hy- 
drochlorie acid solutions ranging from 4.0 X 10-7 N 
to 2.0 N and black Hg§S at all other concentrations. 
For other acids the approximate ranges which yield 
colored products are: Hydrobromic, 0.1 N to 0 25 N; 
hydriodic, 0.1 N to 0.2 N; nitric, 0.1 N to 3.0 N; sulfuric, 
0.2 NV to 32.0 N; and p-toluene-sulfonic acid, 0.2 N to 
9.0.N. 
following acids which were investigated only in the in- 
dicated concentration ranges: formic, 1.5 N to 2.0 N; 


Colored precipitates are obtained also with the - 


'Sorum, C. H., “Introduction to Semimicro Qualitative 
Analysis,’’ Prentice-Hall, Inc., New York, 1953, p. 65. 
L., anp P. Scunemwer, J. Cuem. Epvuc., 32, 474 

55). 

*Curtman, L. J., “Introduction to Semimicro Qualitative 
+ peep Analysis,’’ The Macmillan Co., New York, 1950, p. 
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* PRODUCTS OF THE REACTION BETWEEN 
THIOACETAMIDE AND MERCURY(II) SALTS 
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oxalic, 0.5 N to2.0 N; and dichloroacetic and trichloro- 
acetic, 0.5 N. However, a study of acetic acid from 1.0 N 
to glacial and monochloroacetic from 0.2 N to 2.0 N 
yielded only black HgS. In contrast, excess hydrogen 
sulfide produces only black HgS in all of these reactions. 

It was found by gravimetric analysis that the ob- 

served weights of the precipitates were those calculated 
for Hg, indicating that no complexes or double salts 
were present in these products. A series of precipi- 
tates prepared in hydrochloric acid solutions varying in 
pH from 1.0 to 6.5 showed a darkening in color from 
orange to black with corresponding changes in density 
from 8.21 to 7.74. The density of cinnabar is 8.0-8.2, 
and that of black HgS is 7.7.5 

A distinctive feature of these colored precipitates is 
their conversion to red cinnabar by heating them in 4.0 
N potassium hydroxide. It is emphasized that this 
procedure does not involve the use of an alkaline sulfide 
as is the case in the standard methods for converting 
black HgS to cinnabar.* The black sulfide formed by 
thioacetamide and hydrogen sulfide does not undergo 
this change, even on prolonged heating (3 days). The 
transition time of the precipitates to red cinnabar was 
shown to vary with the pH of the solution in which 
they are formed, which also influences their particle 
size. With precipitates formed in hydrochloric acid the 
minimum time (4 minutes) was observed at pH 5.4 
and 0.2 with corresponding particles of about 0.0011 
mm. in diameter. The maximum time (13 minutes) 
occurred at, pH 3.0 and a particle size of about 0.0016 
mm. This conversion was effected also with hot 8.0 
N hydrochloric acid, again showing close correlation 
between particle size and transition time. The size of 
the particles was estimated with a microscope equipped 
with an eyepiece containing a calibrated micrometer disc 
representing 0.0017 mm. per scale division. 

The transition to the red form of cinnabar probably 
occurs because the colored precipitates are less stable 
forms of cinnabar, having greater solubility in the 
alkali and acid than the red form. This assumption is 
compatible with the correlation between the above men- 
tioned observed particle size and transition time. 
Various colored forms of cinnabar are known to exist.° 
Also, acidification of the alkaline solutions in which the 
transitions occur and addition of thioacetamide to the 
corresponding acid solutions yield black sulfide, indicat- 


4 MELLor, J. W., “‘A Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,’’ Longmans, Green & Co., Inc., New 
York, 1946, Vol. IV, p. 944. 

5 Dana, E. S., “A Textbook of Mineralogy,’’ 4th ed., John 
Wiley & Sons, Inc., New York, 1951, p. 425. 
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ing dissolving of the precipitates in the following 
manner: 

2HgS + 40H- = HgS.-- + HgO.-~- + 2H,0 and 

HgS + 2H;0 + 4Cl- = HgCl,-~ + HLS + 2H,0 
As the latter transition is not observed in either sulfuric 


or nitric acid, the complex formed with excess chloride 
ion seems to be necessary. 


SUMMARY 


The black form of HgS formed by both hydrogen sul- 
fide and thioacetamide is the same product. Colored 
forms of HgS precipitated by thioacetamide are various 
forms of cinnabar. These can be converted to red cin- 
nabar by the action of hot KOH. 


AN AMPEROMETRIC-KINETIC EXPERIMENT 
EMPHASIZING THE IMPORTANCE OF ERROR 
TREATMENT’ 


Tus experiment, proposed for use in the physical 
chemistry laboratory, is based upon work done by 
R. G. Pearson and L. H. Piette.* It is a study of the 
rapid reaction. 


C.H;NO, + OH~ — C.H,NO.~ + 


From the data obtained, the student is required to 
determine the value of the rate constant. At reason- 
able concentrations this reaction is substantially 
complete within a few seconds (k = 350 1./mole sec. 
at 25°C.‘). Since direct determination of k is im- 
practical, an indirect approach is required. This ex- 
periment has the additional value of showing the 
student that k can be determined by other than direct 
methods. 

The value of k which is obtained depends upon an 
exponential term (pH). Therefore, small, incorrigible, 
errors in the raw data have a marked effect upon the 
calculated value of k. Thus the student is forced to 
recognize that small uncertainties in the values of em- 
pirically determined parameters can have an exag- 
gerated effect upon the final result. He learns that 
undesirable though they may be, incorrigible errors 
are incorrigible, and to be distinguished from corrigible 
errors. 

The calculations which lead to these conclusions, 
furthermore, are not complicated; that is, the student 
does not become so involved in mathematical detail 
that he loses the point. The use of calculus to demon- 


! Presented at the meeting of the Pennsylvania Association 
of College Chemistry Teachers, Wilson College, April 12—13, 1957. 

? Present address: Department of Chemistry, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 

3 Pearson, R. G., anp L. H. Pierre, J. Am. Chem. Soc., 
76, 3087-8 (1954). 

R. P., anv J. C. Proc. Roy. Soc. London, 
A212, 16-32 (1952). 
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strate this is recommended, but the calculations are 
simple enough so that they may be carried out arith- 
metically. In fact, for those students who are familiar 
with the mechanics of calculus but who remain un- 
convinced of its logic, an arithmetical evaluation of 
the large effect of the small uncertainty can be made 
with only a little extra effort and compared with the 
same result obtained by calculus, thus strengthening 
their faith in the reasonableness of calculus. 

But even more importantly, this experiment shows 
the student that the uncertainty he calculates by 
error treatment is an accurate estimate of the un- 
certainty. So often, the laboratory time available 
permits the accumulation of only enough data to 
calculate two or three results. The student is not 
convinced that the discordancy among these results 
agrees with the limits of uncertainty he has calculated 
by error treatment. In this experiment it is reasonable 
to require, in one afternoon, that sufficient data be 
obtained to permit the calculation of fifteen, or more, 
values of k. Therefore, the standard deviation or 
probable error of the average can be determined 
validly and compared with the uncertainty derived 
from error treatment. The two results will agree 
closely, thus demonstrating that error treatment is 
indeed a valid method, one that can be used with 
confidence to estimate the uncertainty of a result. 


THE EXPERIMENT 


An aqueous solution is accurately prepared to con- 
tain 0.1 mole/liter of nitroethane and approximately 
0.1 mole/l. of KCl. An accurately measured volume 
(approximately 250 ml.) is placed in a 400-ml. beaker. 
Electrodes from a pH meter and a cylindrical platinum 
gauze cathode are inserted. This assembly forms the 
cathode compartment of the electrolysis cell. 
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SATION 


The anode compartment consists of a glass tube, 
about 1.5 em. in diameter and 12 cm. long, on one 
end of which is fixed a disc of cation exchange mem- 
brane, sodium form, by means of a rubber sleeve made 
from a finger cot. This vessel is filled about three- 
quarters full with a slurry of granular cation exchange 
resin, sodium form, in 1 M KCl. A platinum wire 
anode is positioned within this slurry. 

“Nepton CR-61” cation exchange membrane (1 
meq./dry gram capacity, 38% resin by weight) can be 
obtained from Ionics, Inc., 152 Sixth Street, Cambridge 
42, Massachusetts, in 9- X 10-in. sheets. Unused por- 
tious should be stored, with a few ml. of water, in a 
sealed container. The membrane will crack, becoming 
useless, if allowed to dry. 

“Dowex AG5OWX8” cation exchange resin, 20-50 
mesh, analytical grade (5.1 meq./dry gram capacity, 
44°,-50% resin by weight) can be obtained from Bio- 
Rad Laboratories, 800 Delaware Avenue, Berkeley, 
California. This material also should be kept in a 
moist condition. 

Both the membrane and the resin are in the hydrogen 
form when received and must be converted to the 
sodium form before use. In a suitable beaker, add 
a 40-fold excess, in terms of equivalents of sodium, 
of a 4 N sodium chloride solution to the resin and 
membrane to be converted. Stir continuously for 
about five minutes. Add methyl] orange indicator 
aud then add sufficient 0.5 M sodium hydroxide to 
make the supernatant liquid neutral. Stir for five 
minutes, add more sodium hydroxide to reattain neu- 
trality. Repeat until the indicator color remains 
yellow after five minutes of stirring. Decant the solu- 
tion and wash the solid until free of chloride. 

The whole assembly is then immersed in the catho- 
lyte, centering it, approximately, in the cylindrical 
cathode (figure). The catholyte is stirred with a 
magnetic stirrer. The cell can be thermostatted 
although this adds to the complexity of the apparatus. 
If the original materials are at room temperature, 
the temperature of the cell contents will remain ap- 
proximately constant for one hour, the probable 
maximum time required. 

A variable voltage, about 3 to 10 volts, is applied 
across the anode and cathode. Hydroxyl ions are 
produced within, and sodium ions pass into, the 
catholyte. The voltage is adjusted so that a milli- 
ammeter, which is in series with the cell, registers 
20-80 ma., preferably nearer 20 ma. for the first de- 
termination. The pH meter reading will increase 
steadily. By adjusting the voltage, a condition is 
quickly reached where the current and pH are constant. 
These values are noted, the voltage varied slightly, 
readjusted at this new potential so as to attain another 
steady condition. The pH and current values are 
recorded. This procedure may be repeated as often 
as desired; several runs may be made in a few minutes, 
and each run will yield a value for k, the rate constant 
of the reaction. The rate of disappearance of OH- 
will be: 


—d(OH~)/dt = k 


Ali concentrations are expressed in mole/liter. 
If nitroethane is present in large excess, the product, 
k X (CsHsNO.), is independent of time; the reaction 
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is pseudo-first order. Since the concentration of 

hydroxy] ions is held steady (pH does not change during 

a run), the rate of (electrolytic) addition of hydroxy] 
d(OH~) ]* 

ions, E ( di | must equal the rate at which these 


ions are chemically consumed. 


d(OH-)}* 
[+ = k (OH-) 


Hence, 


k= [+29 OH-) 


Since all of the terms on the right side of (1) can be 
known, the value of k can be determined. 


(OH-) = 10 (PH — 14) 


[+ som) = Is/FV 


(C;H;NO:) = g/LM 


where 


pH = the steady reading of the pH meter 
I = the steady current, in amperes, at the steady value of 
the pH 
V = the volume of the catholyte solution, in liters 
F = the Faraday constant, in coulombs 
g= the weight of nitroethane, in grams, used to make up 
the stock solution of nitroethane in aqueous KCl 
L= the volume of the nitroethane-KCl stock solution, 
in liters 
M = the molecular weight of nitroethane 
s = the number of seconds in one minute 


Therefore, from equation (1), and the foregoing, 
k = IsLM10"*/FVg(10"") (2) 
The uncertainty in k due to uncertainties in the 
parameters of equation (2) can be determined by the 
usual method.’ Thus, for example: 


+A; = rr = 1./mole min. 


5’ Crump.er T. B., anv J. H. Yor, “Chemical Computations 
and Errors,’”’ John Wiley & Sons, Inc., New York, 1940, Chap. X. 
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pH meter 
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Where +4, is the uncertainty in k due to the uncer- 
tainty, +r,, in the measured value of J. 

Similarly, corresponding values may be calculated 
for the other parameters. Typical results are sum- 
marized in the table. 


The Uncertainty in k Due to Uncertainties in the Parame- 
ters in Equation (2) 


Uneer- 
tainty in 


Parameter 


ype 
uncertainty 
sr. Dimension 


0.002 amperes 
0.0005 liters 
0.0005 liters 
g 0.001 grams 
pH 0.05 


The over-all uncertainty in the value of k, the square 
root of the sum of the squares of the individual un- 


certainties, is approximately +421./mole mih. Clearly, 
a small uncertainty in the observed value of the pH 
over-rides all the others. 

In a series of typical runs the average value for ;; 
was found to be 351 + 49 (standard deviation) 1. /1nole 
min. The agreement between the comparable un- 
certainties, +42 and +49, is satisfying. Similar re. 
sults were obtained in other series of runs. 

In summary, this experiment is easy to set up. It 
illustrates a unique method for the determinatio: of 
k, particularly applicable to moderately rapid reactions, 
It demonstrates in a clear manner, unobscured by 
mathematical detail, that a small uncertainty can have 
marked effect upon the calculated result; that there is 
a difference between corrigible and incorrigible error, 
In one laboratory period the student can obtain several 
values of the rate constant. From these he can see 
that the uncertainty predicted by error treatment 
closely approximates the standard deviation actually 
obtained and that error treatment is therefore a valid 
method for the estimation of errors. 


TEXTBOOK ERRORS: 


T exrsooxs? of physical chemistry and of general 
chemistry very often use the system cupric sulfate- 
water to illustrate the principles of equilibrium which 
apply to hydrate systems and which are embodied in 
the phase rule. It will be recalled that the application 
of the phase rule to such systems shows that the solid 
material in equilibrium with a constant pressure of 
water vapor, at a fixed temperature, must consist of 
two phases, or two different solids. A single phase can 
exist in contact with water vapor over a range of pres- 
sure. The limits of this range of stability are the two 
fixed pressures at which the particular hydrate can co- 
exist with either a higher or a lower hydrate. Thus a 


1 Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, Chemistry Depart- 
ment, University of Southern California, Los Angeles 7, Cali- 
fornia. Contributors of discussions in a form suitable for publi- 
cation directly will be acknowledged as guest authors. 

? Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 
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XVI: The Vapor Pressure of 
Hydrated Cupric Sulfate 
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definite pressure of water vapor cannot be ascribed to 
any single hydrate but only to a pair of solid phases. 
The amounts of the two phases in equilibrium with the 
fixed pressure of the vapor may vary. This article is 
concerned with the numerical values commonly quoted 
for these fixed pressures. 

The quantitative data generally quoted are shown 
in the table. These are appreciably in error as shown 
by comparison with the most reliable values reported 
in the literature. The textbook values shown in the 
first column for the pressure of water vapor in equi- 
librium with each pair of solids seem to be based on 
work prior to 1900 for 50°C. and on incorrect experi- 
mental data for the monohydrate-anhydrous pair. 
It is only for the highest pair (pentahydrate-trihydrate) 
at 25°C. that the usual textbook values seem to be 
correct. 

There is interesting diversity in the values for the 
lowest pair. Mellor (1) gives a value of 4.5 mm. at 
50°C., and elsewhere (2) states that the value is below 
1 mm. at 45°C. A value of 0.18 mm. at 35°C. was ob- 
tained by the writer (3). Foote and Scholes (4) ob- 
tained a value of 0.8 mm. at 25°C. by an indirect 
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method. These workers also give a value of 0.5 mm. 
at 25°C. which they state is calculated from the rela- 
tive data of Mueller-Erzbach, and which is also given 
in a review by Wilson (5). A thermodynamic study 
of high temperature data indicates that all these 
values are much too high. 

Some of the difficulties encountered in trying to get 
equilibrium at the lower water content are illustrated 
in three papers by Mueller-Erzbach (6). He reported 
a value of about 0.01 mm. at 25°C. for a water content 
slightly below that represented by the stoichiometry 
for CuSO,:2H20. From this he was led to suggest 
the existence of a dihydrate which he thought to be 
confirmed by a few other similar observations at low 
temperature. The writer had a somewhat similar 
experience when he first made measurements in the 
composition range represented by CuSQ,-5H,O- 
CuSO,-3H,O.° A series of decreasing pressure values 
was obtained as the water content was lowered. For 
a while it was thought that the results indicated a 
solid solution, a point of view which has been previ- 
ously suggested (/, 7). However a repetition under 
more carefully controlled conditions gave constant 
values. 

This considerable variation among experimental 
values is due to a bevy of experimental difficulties. 
Equilibrium is established slowly. Supercooling and 
superheating may be encountered. Regulation of the 
water content and the process of water withdrawal 
require extreme care in order that the solid phases 
may have a true equilibrium composition. Small 
amounts of adsorbed or occluded air are difficult to 
eliminate completely. All these factors become more 
pronounced at low pressures and temperatures. Ac- 
curate work on the lowest pair is particularly fraught 
with difficulties, as the writer can testify from personal 
experience. 

Because of this uncertainty of experimental results 
in the case of the lowest pair, extrapolated values based 
primarily on measurements at higher temperatures 
(8, 9) seem to be the most reliable. Randall and 
Nielson (10) have made an evaluation of the data avail- 
able up to about 1930 and summarized them in three 
standard free energy equations which lead to the valyes 
given in bold face in the table. 


Other values shown in the table are experimental 
results found in the literature. These, in some cases, 
are in much better agreement with the calculated 
values than are the data generally quoted in textbooks. 
Probably the most realistic picture is given by the 
values calculated from the thermodynamic equations, 
particularly in the case of the monohydrate-anhydrous 
pair. 

The writer is greatly indebted to Dr. K. J. Mysels 
for his interest, his extensive aid in revising the original 
manuscript, and his checking of the early references. 


Pressures of Water Vapor (mm. Hg) in Equilibrium with 
Pairs of Cupric Sulfate Hydrates 


CuS0O4-5H:0- 1H:20- 
CuSO«-3H:0 CuSO.«-1H:0 CuSO. 


Tezts Lit. it. Lit. 


Temp. . 
(°C.) 


25 7.8(6,11) 7.85 (10) ,5) 0.02 (10) 
7.8(1 


0.05 (10) 
0.18 (3) 


35 


50 47 (1) 4.5(1) 0.18 (10) 


@ Calculated from experimental values at slightly different temperatures. 
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BiochemisTREE* 


I think that biochemistry 

Is just the course for you and me. 
It tells us why we meet and eat 
And also how we beat the heat. 

It gives us rhythm and also rhyme 
Like glucuronidase enzyme. 


* Obvious apologies to Joyce Kilmer 
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Just think of where we would have been 
Without the hormone insulin. 

I think that I shall never see 

A biochemist up a tree. 

His proteins, fats and carb’ hydrates 

Will help him get both dough and dates. 


Moos 


7.8 (13) 1 (13) 
= 16.24 (10) 11 (10) | 
; 16.3 (3) 7 (3) 
16.4 (12)¢ 7 (12)2 
8 (13) 
44.9 (12)4 3 (12)4 
44.1 (13) 30.6 (13) 


SIMPLIFIED STOICHIOMETRIC 
FORMULA INDEX’ 


F’rom time immemorial, signs and symbols have been 
used to denote chemicals. The most elaborate systems 
were devised during the age of alchemy. The rhyme 
and reason in these systems were mostly a relating of 
the metals to the mysterious forces in the universe. 
The alchemists’ expressions were cloaked in an aura of 
incomprehensibility. One of the consequences of the 
phlogiston theory was a compounding of unintelligible 
signs. And even the antiphlogistonists were hindered 
by their own overindulgence in contrived signs and 
symbols, although, at least in the case of the antiphlo- 
gistonists, the objective was to relate the signs to 
composition. 

This objective was not realized until 1813 when 
Berzelius (1) introduced the system of chemical sym- 
bols which is essentially the one we use today. It was 
originally thought that the chemical formula was 
unique for each compound and mirrored its quantita- 
tive composition as well as its conceptual representa- 
tion. Within a short time, however, the existence of 
isomerism, for example, in fulminic and cyanic acids, 
showed that a molecular formula expressed only atomic 
ratios and was in no way a unique characterization. 

Nevertheless, by 1828, the classical beginning of 
organic chemistry, a complete system of characterizing 
the atomic composition of compounds had been de- 
veloped by Berzelius. This language of chemistry 
was based on the laws of constant and of multiple 
proportions and was rationalized by Dalton’s atomic 
hypothesis. 

Although chemical formulas became well established, 
it has been necessary, through the many developments 
in theoretical chemistry, to differentiate chemical 
formulas into various types: 

Empirical formula 
Molecular formula 
Constitutional or structural formula 

Valence, e.g., 

Linkage or order, e.g., HOH 

Radical, e.g., (NH4)280, 

Electronic formula 

Coordination formula, e.g., Werner complexes 

Ionic formula 
Configurational, stereometric, or space formula 


Formula indexes actually are not based on any of these, 
but rather on a stoichiometric formula. 

Nomenclature has always been a problem in the 
indexing of chemicals. Despite the progress in the 
naming of compounds, a chemical can be known by too 


1 Presented before the Division of Chemical Literature at the 


131st Meeting of the American Chemical Society, Miami, April, 
1957. 


HERMAN SKOLNIK and JANE K. HOPKINS 
Research Center, Hercules Powder Company, 
Wilmington, Delaware 


many names, and often the preferred name or the name 
of habit is the trivial name, for example, camphor. 
An alphabetical listing of chemicals must be accom- 
panied by a key describing the decisions of nomenclature 
and is at the mercy of changes in nomenclature. It is 
furthermore difficult to know where to place indefinite 
or provisional structures in an alphabetical chemical 
index. To safeguard against the inherent weaknesses 
of the alphabetical index, it is important and _ neces- 
sary to provide sufficient “see” and “‘see also”’ crosses 
to guide the indexer and searcher. A prevalent ten- 
dency in the making of alphabetical indexes is to em- 
phasize class or generic entries at the expense of spe- 
cific ones. A balance is essential, but every such deci- 
sion, that is, generic versus specific, increases the com- 
plexity and size of the index. 

The alphabetical index is the most important tool for 
the recording of chemical knowledge. Because it is 
not a perfect tool, we have been seeking supplementary 
or complementary devices. The formula index is 
such a development, and has assumed importance 
through the uniqueness of the kinds and number of 
atoms in a given compound. The first known use of 
the formula index was the empirical formula arrange- 
ment utilized by Richter (7) in his tables of carbon 
compounds in 1884. 

A formula index designed by Jacobson and Stelzner 
(6) was begun in 1898 by Berichte. It was essentially 
based on the Richter system, which used the order 
G, H, O, N, Cl, Br, I, F, 8, P, with the remaining 
elements following in alphabetical order. 

The formula index designed by Hill (5) for the United 
States Patent Office in 1900 used an alphabetical order, 
except that for organic compounds C was cited first, 
H second, and then other elements alphabetically. 
Chemical Abstracts employs a slightly modified Hill 
system for its formula index. 

Inasmuch as organic chemistry lias dominated the 
literature by sheer weight of number and kinds of 
compounds, C and H have been given precedence in 
formula indexes. The Beilstein, Berichte, and Chem- 
ische Zentralblatt formula indexes, which are base! on 
the Richter system, are exclusively organic and the 
Chemical Abstracts formula index is overwhelmingly 
organic. This means that in those indexes exclusively 
organic, every compound is classified by C and by the 
number of C’s. Almost as ubiquitous as C is I{ in 
organic compounds. For example, there are only a')out 
400 compounds in Beilstein’s formula index not con- 
taining H. Consequently, the two most common 
elements classify the compounds in such indexes. 
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This is an advantage only where the interest is con- 
cerned with the same family or related families of C 
compounds, and where functionality is of minor im- 
portance. Using the formula index to classify com- 
pounds, intentionally or unintentionally, by C-family 
somewhat duplicates the classification inherent in the 
alphabetical index. The C-family classification is not 
amenable to functionality browsing; neither is the 
alphabetical index. 

Dyson (3) questioned the advisability of giving 
precedence to C and H in a formula index. In de- 
veloping the “‘Molform index,”’ a digital representation 
of the molecular formula, Dyson considered as more 
satisfactory the order 


Fletcher and Dubbs (4) based their molecular formula 
index on a periodic table sequence except for C and H, 
which were cited last. 


SIMPLIFIED FORMULA INDEX 


Several years ago, the Report Indexing Group of the 
Technical Information Division at the Hercules Re- 
search Center set up a Formula Index File which is 
essentially the inverse of the Hill system. Basically, 
the criteria for this formula index were as follows: 


1. A specific compound should have one and only one place 
in the file. 

2. If classification were a merit, then the file should favor 
functionality over C and H. 

3. Order of elements should be alphabetical and not based on 
an order of importance, which is subject to change, or on a periodic 
order. 

4, There should be a minimum of rules. 


It was decided to cite C last and to eliminate H 
completely. All other elements were placed before 
C in a strictly alphabetical order by chemical symbol. 

The table compares the new system with the one 
used by Chemical Abstracts and by Chemisches Zentral- 
blatt. 

The elimination of H from the formula index does not 


Formula Indexes by Three Systems 


Inverse Chem. Chem. 
System Abs.* Zentr.* 


CH:CH2Cl CIC: C:HsC! (4) C:HsCl (4) 
CeHsCl (11) CsHsCl (8) 


Compound 


CeHCls (9) CsHCls (7) 


| ClsCe 


cl 
(~<_S-) CHCCh 
2 


(CHs);NH. HCl CINC: 
CICH:CH:NO:2 CINO:C: 


NC: 


NNaO:SCe 


(COON Hy): C2HsN20. (8) C2H20 (2) 
HC=CNa NaC: C:HNa (1) C:HNa (1) 


€ S-coon O:C; (12) Cre 


(COOH): C:H2O, (2) C:H:O, (2) 
C: C:He (5) C:He (5) 


* Order in index given by number in parentheses. 


CuHoCls (13) 

C:HsCIN (7) 

C:H«CINO: 
(3) 

C:HiN (6) 

CsHiN NaO28 
(10) 


CuHoCls 
(11) 

C:H:N (6) 

C:H,O:NCl1 
(3) 

C:H:N (6) 

CcsHsO:NS 
(9) 


VOLUME 35, NO. 3, MARCH, 1958 


cause any inconvenience in a file of thousands of com- 
pounds. In fact, the reverse is true inasmuch as the 
counting of H’s is the operation most conducive to 
error. However, what effect the elimination of H’s 
would have in a file of tens of thousands or hundreds of 
thousands of compounds is not known. In a relatively 
small file, it appears to be an unnecessary refinement. 

There was no intent to have the new system contain 
any classification adaptability. The fact that it does 
is incidental to the more direct approach to a specific 
compound afforded by the new system. Nevertheless, 
the new system does provide a rather high degree of 
differentiation by chemical functionality. Thus, should 
we be interested in chlorinated hydrocarbons, browsing 
through the CIC—CI,C, entries would give us a good 
picture of the literature. This would be an imposing 
and time-consuming task from the CCl—C-;H,Cl, 
viewpoint. 

Five position guide cards are used in the Formula 
Index File: the first position designates compounds 
containing one element other than C; the second 
position, two elements; the third position, three 
elements; the fourth position, four elements; and the 
fifth position, five or more elements. 

Breaking down the Formula Index File into five 
positions behind any single element enhances the 
browsing facility. A search for all compounds con- 
taining a hydroxyl group involves the examination of 
cards behind all five positions of O and behind the 
second, third, fourth, and fifth positions of all elements 
preceding O alphabetically. However, a cursory exami- 
nation of the guide cards in these positions behind the 
elements discloses quickly the presence of O. It is 
quite obvious that a file can grow to a point beyond 
which such-a search would not be feasible. But, the 
Formula Index File described in this paper was not 
designed to correlate structure, functionality, and 
properties. If such were the objective, recourse would 
have been made to an electronic machine and a code or 
notation system, such as the Wiswesser (8) or Dyson (2). 

However, should the need arise to designate function- 
ality beyond that contained in the Formula Index 
File, notation systems can provide functional symbols 
suitable for incorporation into the file. For example, 
if unsaturation were the functionality to be pin pointed, 
Dyson’s (2) E for double bonds and E3 for triple bonds 
could be cited in the formula index alphabetically with 
the elements. Thus, crotonic acid would have the 
formula index, 


The desire to have the Formula Index File spell out 
complete information on functionality should be curbed, 
or otherwise it will lose its greatest advantage— 
simplicity. 

The new Formula Index File was designed to sup- 
plement the alphabetical index and auxiliary indexes of 
research reports. There was a need to enter into the 
index those compounds whose nomenclature might be 
ambiguous or whose nomenclature could not be estab- 
lished because of undetermined structures or because 
the product of a reaction might be a mixture of isomers. 
Chlorination reactions are excellent examples of 
products which might be considered as mixtures. For 
example, in the chlorination of cyclohexane, the prod- 
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ucts obtained may be extremely difficult to separate 
and, by analysis, the chlorine content might average 
2.5 atoms per molecule: 
2C.Hie + 5Cl. CeHioCle + + 5HCl 
Stoichiometric Formula: 
Formula Index Clz.; Cs 

It has been found that the entering of compounds into 
this Formula Index File requires only seconds and the 
retrieving of information is equally fast. Because the 


system imposes no rules, nontechnical people can use 
the index providing a formula is given. 
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MODELS OF METAL COORDINATION COMPOUNDS 


Many classroom situations arise in which it is instruc- 
tive to show models of metal coordination compounds, 
but the available kits are expensive. With a very small 
amount of time and money the student molecular 
models supplied by E. H. Sargent & Company! can 
be modified to illustrate the common types of coordina- 
tion compounds. 

A dozen of the 1'/,-in. unpainted blank wooden balls 
are obtained. To represent atoms which form octa- 
hedral bonds, four of these are drilled on a drill press 
with six '/s-in. holes placed 90° apart. No jig is 
necessary, only a clamp to hold the ball. Careful 
judgment with the eye enables one to get sufficiently 
close to the correct angle. Pegs placed in some of the 
holes already drilled help in the alignment process. 
These octahedral atom models can be painted with 
aluminum paint to distinguish them from the others. 

Four of the blank 11/,-in. balls are drilled with four 
'/,-in. holes 90° apart in a plane. These will represent 
4-coordinate atoms which form square dsp? hybrid 
bonds, such as copper and gold, and nickel in the 
dimethylglyoxime complex. These can be painted 
with bronze paint as the distinguishing color. 

Four of the tetrahedral carbon atoms, supplied in the 
standard kit, are painted with aluminum paint to 
depict tetrahedrally coordinated metal atoms, such as 
aluminum. These can also be used for complexes with 
nitriles, using the springs supplied with the kit for the 
triple bond. These springs are also handy for mole- 
cules which deviate so far from the theoretical angles 
that strain is present, e.g., the AlsCl, molecule. 

One of the tetrahedral carbon atom models is painted 
red to represent the rather rare 4-coordinate oxygen. 


1 E. H. Sargent & Company, 4647 West Foster Ave., Chicago 
30, Ill. Catalogue No. S-61815. 


152 


R. THOMAS MYERS 
Kent State University, Kent, Ohio 


Six of the red oxygen models are drilled with another 
hole about 100° away from the other two. This hole 
may have a ring painted around it in another color to 
signify that it will represent the coordinate linkage. 
This hole will be used for complexes such as the ace- 
tylacetonates, aquo compounds, ete. The oxygen 
models supplied with the kit can be used for halogens 
in complexes, such as AleClg. 

The blue nitrogen atom models supplied with the 
kit are already drilled with tetrahedrally located holes, 
and these can be used for complexes with amines, ox- 
imes, ete. 

The molecules which can be constructed are illus- 
trated in the photographs. The central copper atom 
in Figure 1 has the square co-planar structure and is 
coordinated to two tetrahedral nitrogen atoms. ‘The 
central tetrahedral oxygen atom in Figure 2 is sur- 
rounded by four tetrahedral zinc atoms, two of which 
are coordinated to the central oxygen atom, and all of 
which are coordinated to the carbonyl oxygen of the 
acetate groups. 


. Model of a Molecule of Copper Glycinate, Cu(OCOCH:N H:2):. 
. Model of a Molecule of Zinc Basic Acetate, ZmO(OCOC H:)s. 
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Proceedings of the 


Wren one thinks of the exacting material require- 
ments of the new industries such as those that will be 
providing jet and rocket travel, nuclear power and 
similar technological advances, one wonders where one 
will find the compounds to meet these requirements. 
The conditions that must be met in these new applica- 
tions are so novel that compounds of quite unusual 
properties will be required. The answer to the question 
“Where will the compounds to meet these new demands 
be found?” is “They will be found among the un- 
discovered compounds.” A large number of interesting 
inorganic compounds remain yet undiscovered. 

Let us consider the principles that can guide us in 
our search. These compounds fall into several classes. 
We are dismissing as trivial the large class of those 
which have not been discovered merely because the 
component elements have not yet been mixed together. 
For example, gadolinium and iridium surely will form 
some intermetallic compound of considerable interest, 
but no one has yet had the time or the opportunity to 
mix them together to determine what kind of compounds 
can be formed. The undiscovered compounds to be 
discussed in this paper belong to systems which have 
been studied, often quite thoroughly, in the past. One 
ean expect many interesting gaseous compounds to be 
uncovered and also, quite a number of unusual solids. 
These undiscovered solid compounds can be classified 
in four categories: The first, class consists of compounds 
which are thermodynamically stable over the entire 
solid range of the compounds but which have eluded 
detection because of a very slow rate of formation from 
the possible starting materials. The second class 
consists of compounds which are metastable under all 
conditions but which yet can persist because of slow 
tates of decomposition and which can be quite valuable 
under a variety of conditions. The third class to be 
considered consists of compounds that are thermo- 
dynamically stable at low temperatures but which 
disproportionate upon heating to higher temperatures. 
The fourth class to be discussed consists of compounds 
which are thermodynamically stable at high tempera- 
tures but which disproportionate upon cooling. 

A simple illustration of classes one and two is provided 
by the elemental phosphorus system. Available 
evidence indicates that the thermodynamically stable 
forn. of solid phosphorus may be black phosphorus. 
Red phosphorus may be metastable with respect to 


‘An address delivered before the northern division of the 
Pacific Southwest Association of Chemistry Teachers at Sacra- 
mento State College on October 12, 1956. 
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black phosphorus under most conditions, and it is 
known that white phosphorus is very metastable with 
respect to either black or red phosphorus (/). When 
P, gas is condensed, white phosphorus is formed, even 
though it is the least stable form. This formation of a 
metastable phase in preference to a stable phase is 
fairly common and occurs not only upon condensation 
of vapors but upon transformation of ore solid to 
another or during crystallization from melts. This is 
most often due to the fact that the most stable solid 
modification may have a very special type of arrange- 
ment which may not be present in the starting materials. 
Therefore the final stable material may form only very 
slowly from the starting materials whereas other 
phases which are less stable but which have structures 
somewhat closer to that of the starting materials may 
actually form at a much more rapid rate. Thus it is 
not uncommon when one is carrying out a reaction to 
have a number of intermediate metastable phases 
formed before one reaches the final thermodynamically 
stable phase (2). The structure of the gaseous P, 
molecule is so dissimilar to the structures of red and 
black phosphorus, which have structures somewhat 
similar to that of graphite where the phosphorus atoms 
are flattened out almost into planes, that it proves 
quite difficult to obtain red or black phosphorus from 
the gaseous P, molecules. Because of the difficulty of 
distorting the P, molecules, they normally do not 
condense to form a solid until such a low temperature is 
reached, corresponding to a tremendous supersatura- 
tion with respect to red or black phosphorus, that the 
simple van der Waals’ forces cause condensation to a 
molecular lattice of white phosphorus. Obtaining red 
phosphorus requires various catalysts or irradiation by 
gamma rays or ultraviolet light to sufficiently re- 
arrarge phosphorus atoms so that formation of the 
more stable red phosphorus can occur. Black phos- 
phorus requires not only catalysts and heat but also 
pressure for its formation. 

The silica system has certainly been one of the 
most thoroughly studied systems yielding a number of 
crystalline modifications (3). Yet, in just the last 
three or four years, three previously unknown forms 
have been discovered with quite unusual properties. 
One of these, for example, can be boiled in hydro- 
fluoric acid solution without attack (4). Another 
interesting form consists of long fibers (6). It is not 
known whether these compounds are metastable or 
stable but they were prepared by a combination of 
condensation reactions using high temperature and 
high pressure processes. 
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It is clear that the understanding of the kinetics of 
formation of solid phases is very important for the 
development of methods of preparation of either the 
metastable phases or the stable phases which are 
formed only slowly from available materials. 

A good example of the importance of application of 
theories of kinetics of reactions is the experience en- 
countered in the synthesis of diamonds. Many people 
have previously attempted to produce diamonds from 
graphite by application of pressure. Hall (6) was 
able to demonstrate through application of the theory 
of kinetics of reactions that it would be impossible to 
produce diamonds directly from graphite under any 
conditions where diamonds would be thermodynamically 
stable. Recognition of this saved any further wasted 
effort in the attempt to produce diamonds from graphite 
thus permitting development of a different approach 
which did successfully result in the synthesis (of 
diamonds. 


GASEOUS SYSTEMS AT HIGH TEMPERATURES 


What is the nature of these undiscovered compounds, 
and where are they to be found? There are many un- 
discovered gaseous compounds as well as the four types 
of solid compounds listed above. As some of the solid 
compounds are best prepared by way of the gaseous 
phase, it is convenient to discuss the gaseous compounds 
first. There is a common belief among chemists that 
high temperature gaseous systems can be expected to 
become simpler as one increases the temperature; 
that is, the number of different types of gaseous species 
to be expected and the complexity of these species 
should decrease. In actual practice this is not so 
because one commonly studies the gaseous phase 
under conditions where it is in equilibrium with 
a solid or liquid phase. Under these conditions the 
number of gaseous species present in appreciable 
amounts increases as one increases the temperature 
and also, the complexity of these gaseous species 
usually increases. As an example one may cite the 
well-known dimerization in sodium vapor. At low 
temperature, more than 99.9% of sodium vapor 
consists of sodium atoms. However, as the temper- 
ature is increased, the proportion of dimer becomes 
steadily larger until at the boiling point of sodium the 
vapor consists of approximately 10% dimer (7). 
Another illustration is that of the vapor in equilibrium 
with molybdenum trioxide which has recently been 
investigated by Berkowitz, Inghram, and Chupka (8), 
using the mass spectrometer. At low temperatures 
the main gaseous species is Mo;0,, but as the temper- 
ature is increased the proportions of MoO. and Mo;0,, 
steadily increase. Many other examples can be cited. 
A very simple thermodynamic proof can be given to 
demonstrate that this will be the general behavior to 
be expected in high temperature systems. 

For simplicity, let us consider that the gaseous phase 
contains two species, a monomeric species and a 
dimeric species. We normally think of two factors 
which determine the relative importance of the monomer 
and dimer species. As the pressure is increased, at 
constant temperature, we expect the proportion of 
dimer to increase. As the temperature is increased, at 
constant pressure, we expect the proportion of dimer to 
decrease. What may we expect when both the temper- 
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ature and the pressure are increased as in the case of the 
saturated vapor in equilibrium with the condense 
phase? A simple general thermodynamic argument cay 
be developed to relate the heat of dissociation of the 
dimer to the heats of vaporization of the monomeric 
and dimeric molecules (9). Recognizing that Trouton’s 
rule corresponds to the same entropy of vaporiza‘ion 
for both the monomer and dimer, we can relate the 
relative importance of the monomer and dimer sp< cies 
of the saturated vapor directly to the relative va!ues 
of the heats of vaporization. From the relations 


= AH°u — TAS® and 
AF°p = AH°p — TAS° 


we see that the order of the heats of vaporization be. 
comes the order of the standard free energies of vapori- 
zation or of the equilibrium partial pressures. Which- 
ever of these species has the smaller heat of vapor- 
ization will be the more abundant species. Consider 
the rather common situation where the low temperature 
vapor consists predominantly of the monomeric gaseous 
species with the dimeric species present at low con- 
centration. This corresponds to a higher heat of 
vaporization for the dimer than for the monomer. 
(See, for example, the accompanying figure in which 
the logarithm of the partial pressures of each species 
is plotted versus 1/7.) Since the dimer has a larger 
heat of vaporization, its partial pressure will rise more 
rapidly than that of the monomer, and as the tem- 


Po 


perature is increased, the proportion of dimer will stead- 
ily increase. This is one of the most common types of 
behavior that one finds in high temperatures systems. 
We may generalize this to include not only monomers 
and dimers but also trimers, tetramers and various 
other polymers. More complex vaporization reac- 
tions such as disproportionation to lower and higher 
oxidation states as well as ionization reactions may be 
involved similarly. Placing the main emphasis upon 
the translational contribution to the entropy, or the tree 
volume contribution (10), one can show that Trouten’s 
rule, in a general way, can be applied to these situations 
and one can derive a conclusion similar to those that we 
have reached for the monomer and dimer situation. 

A general statement of the conclusions that one «an 
reach can be given in the following manner: If we ¢ )n- 
sider a saturated vapor at a low temperature, we will 
normally find that one species predominates, although 
there will be a large number of other species presen! at 
smaller concentrations. Under those circumstanc:s, 
the minor species at low temperatures will have hig!ier 
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heats of vaporizatian than the major species and there- 
fore as the temperature is increased the proportion of 
the various minor species will steadily increase. This is 
true whether the minor species are simpler or more com- 
plex than the major species; therefore, if one wishes to 
fnd a high temperature system in which one finds the 
greaiest variety of molecular species and the greatest 
complexity of molecular species, one should go to the 
highest temperature possible at which the saturated 
system can still exist. 

The important conclusion that can be drawn from the 
derivation which has just been presented is that one can 
expect to find many new and unusual compounds in high 
temperature systems. These compounds will have 
different formulas and contain the elements in different 
oxidation states than one normally finds at conventional 
temperatures. Because of their unusual character, 
these compounds will provide a severe test of any theo- 
ries of bonding or structures of molecules. They also 
will have many important practical applications. The 
recognition of the formation of AIC] gas in high tem- 
perature systems has allowed the development of a proc- 
ess for purification of aluminum by reacting crude 
aluminum metal with aluminum trichloride gas to pro- 
duce aluminum monochloride gas which can then re- 
form pure aluminum upon cooling due to the dispro- 
portionation of AICI gas at lower temperatures (11). 
These gases that are stable only at high temperatures 
can also be used to produce many interesting new solid 
materials. A well-known example of the use of such 
high temperature molecules is the coating of lenses by 
silicon monoxide. Although silicon monoxide is a ther- 
modynamically unstable solid (12), the gaseous SiO is 
quite stable at high temperatures and may be readily 
produced by reducing silica (13). When SiO gas is 
chilled on a surface, an amorphous SiO solid phase is 
formed which can persist indefinitely at room tempera- 
ture or which can be oxidized to silica by heating. As 
the SiO may be readily vaporized, this provides a very 
convenient method of coating surfaces to protect them. 


SOLID SYSTEMS AT HIGH TEMPERATURES 


High temperature gases will undoubtedly prove to be 
important starting materials for the preparation of 
many solid materials of classes one and two as the 
gaseous molecules often have structures much different 
from possible solid starting materials and this allows 
one to form solid phases of unusual structures. 

Let us now consider the formation of solids of 
classes three and four. What are the possibilities of 
phases that might be stable only at high temperatures 
and which would disproportionate upon cooling to room 
temperatures? One can consider here either a trans- 
formation from a single low temperature phase to a sin- 
gle high temperature phase or the reaction of two or 
more low temperature phases to produce new high tem- 
perature phases. One can readily demonstrate that any 
such phases which are stable only at high temperatures 
must form from the low temperature phases with ab- 
Sorption of heat and increase of entropy. In a rough 
way, one could say that these high temperature phases 
must have weaker bonds and looser bonds in order to be 
stable only at high temperatures. A well-known exam- 
ple of this type of behavior is found in the iron-oxygen 
system where the iron(II) oxide phase is unstable at 
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room temperature with respect to iron and Fe;O, but 
becomes thermodynamically stable at higher tempera- 
tures. Phases stable only at high temperatures often 
play an unexpected role in the reaction between mate- 
rials at high temperatures. For example, in the bonding 
of ceramic materials to metals, these intermediate 
phases may well form at the high temperatures and aid 
in the sealing of the ceramic to the metal. Yet they dis- 
proportionate upon cooling so that no evidence of their 
presence is found in the samples at room temperature. 
More careful studies of many of the high temperature 
phase systems with high temperature X-ray cameras 
and other techniques which allow the systems to be 
studied at the high temperatures will undoubtedly re- 
veal many such phases. Some of these phases have 
quite unusual formulas and properties, and one can of- 
ten quench them to lower temperatures where their 
rates of disproportionation can become so slow that they 
persist indefinitely. Not only can one use high tem- 
peratures to produce phases that are metastable under 
normal conditions but the recent production of cubic 
boron nitride (14) illustrates the possibilities of high 
pressure preparations. 

Of particular interest has been the work of Schénberg 
and others in Professor Hagg’s laboratory at Uppsala 
where a number of quite unusual compounds have been 
discovered which appear to fall in the class of compounds 
that are unstable at room temperature but which be- 
come stable at higher temperatures. This work has 
been reviewed in detail by Brewer and Searcy (16). 
Some of the formulas (16) that have been found are 
M;’M;"0 and M2’M,”0 where M’ can be Mn, Fe, Co, 
Ni, or Cu and M” can be Ti, Mo, or W. Also com- 
pounds such as M’ReOx are found with X between 0 
and 1 and M’ = Ti, V, Cr, Mn, Fe, or Co. These 
oxides are unlike the oxides that we are accustomed to 
and, in fact, have quite metallic properties. Their un- 
usual properties undoubtedly will make them suitable 
for many interesting applications. Compounds that 
are stable at low temperatures but which dispropor- 
tionate at higher temperatures also can be of con- 
siderable interest. It appears that in many instances 
these compounds become unstable at a temperature at 
which the rate of disproportionation or the rate of for- 
mation of the phase from the adjoining phases is very 
slow. As a consequence, these phases are often diffi- 
cult to produce and have remained undiscovered. 

Let us consider the recent example that has been 
studied by Schénberg (17). He has demonstrated the 
existence of a phase Mo;0 which cannot be produced by 
conventional methods. If one heats a mixture of 
molybdenum metal and MoO, at a high temperature, 
the Mo;0 phase cannot form because it is thermody- 
namically unstable. If one heats a mixture of Mo and 
MoO; at a low temperature where the phase is stable 
the rate of formation is so slow that the time required 
for formation would be much too long for it to be de- 
tected. For such a phase the only conditions under 
which one would have much hope of preparing it in a 
reasonable time would be in the temperature range just 
below its maximum temperature of existence. In this 
range it is possible that the rate might be fast enough so 
that it could be prepared. However, we do not know 
where this temperature range is for yet unstudied com- 
pounds. The procedure that Schénberg used was to 


155 


heat this mixture of Mo and MoO, in a furnace and each 
day reduce the temperature by a small amount until 


the sample had been subjected to a temperature inter- | 


val from 1000°C. down to almost room temperature. 
Upon examining this mixture after such a treatment he 
did indeed find a Mo;0 phase which had been missed by 
all previous workers. There undoubtedly are many 
other such phases which have not been discovered and 
for the same reason. 

An interesting technique which can be applied to 
such systems is to construct a furnace in which there is 
a temperature gradient. The sample is sprinkled along 
a tube in this furnace. Due to the gradient, the sam- 
ple is subjected to the entire range of temperature. 
This might include the temperature at which the com- 
pound becomes stable and can form at a reasonable 
rate. After long heating in this gradient, the sample 
can then be inspected by microscopic or by X-ray means 
to determine whether or not a reaction has taken place, 
and from the position of any new phases in the tube one 
will know the temperature at which the phase had 
formed. 


SOLID PHASES WITH A RANGE OF COMPOSITION 


In addition to the undiscovered gaseous compounds 
and solid compounds of the four classes that have been 
discussed above, there is yet another important source 
of new materials that will prove useful in future appli- 
cations. The law of definite combining proportions 
which must be exact for a gaseous molecule is often 
applied to solid compounds for which it cannot be exact 
except at the absolute zero. Consider the gaseous 
molecule NO. The smallest change that can be pro- 
duced in this compound is that caused by the addition 
of a single atom of nitrogen or a single atom of oxygen 
resulting in compounds with entirely different proper- 
ties, namely N.O or NOs. If we have a single crystal of 
sodium chloride weighing about 60 grams the formula 
would be Najo24Cl, 24 and if we add or remove one atom 
we see that the change in composition is quite minute. 
One can likewise apply thermodynamic arguments to 
show that the sodium chloride phase in equilibrium with 
chlorine gas cannot have the same composition as the 
sodium chloride phase in equilibrium with sodium. 
The homogeneous range of compositions for a phase 
may be very small especially at low temperatures, or it 
may be quite large as in the example of the TiO phase 
region which has the sodium chloride crystal structure 
from a composition TiO;.; to TiO;.3. Even when the 
homogeneous range for a phase is small the properties 
can vary appreciably across the homogeneous range. 
This has become particularly obvious in recent years 
through the study of thermiconductors. When we 
recognize that a phase does have a range of composi- 
tion and that many of the properties will vary with 
composition we see that the properties of phases that 
are already known can be modified to meet specific re- 
quirements. As an example, there is a cubic phase in 
the cerium sulfide system (18) which has an appreciable 
homogeneous range that cannot be detected by X-ray 
examinations of ordinary accuracy as the lattice con- 
stant varies only extremely minutely when the sulfur 
to cerium ratio is changed from 1.33 to 1.50. Even 
though the lattice dimensions do not change over this 


range of composition, many of the other properties 
change quite markedly. For example, the electrica] 
properties change from those of an insulator at CeS,., to 
those of a conductor which conducts electricity almost 
as well as does graphite at the low sulfur end of the 
homogeneous range. Likewise the thermal shock prop- 
erties vary quite greatly. The high sulfur materia] 
behaves like a conventional ceramic material which 
must be heated slowly to avoid cracking whereas the 
low sulfur material has excellent thermal shock proj)er- 
ties and can be heated at rapid rates. 

When we consider not only the large number of yet 
undiscovered phases which can be at our disposal but 
also the considerable variation of the properties of each 
phase that can be obtained when we recognize the efi ect 
of variation of composition of the phase, we see that 
there is a tremendous reservoir of compounds available 
for the many specialized applications of future develop- 
ments. Many of these compound have quite unique 
properties which will adapt them to very special appli- 
cations that cannot be met by conventional materials. 
As we look ahead to the tremendous number of new 
compounds that await us, we need not be overly con- 
cerned about how we are going to meet the requests for 
new materials demanded for new technological de- 
velopments. 
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OFFICIAL BUSINESS 


292nd MEETING 


The 292nd meeting of the New England Association 
of Chemistry Teachers was held at Brattleboro High 
School, Brattleboro, Vermont, on Saturday, October 
12,1957. Harry Montague, Superintendent of Schools, 
welcomed the group to the excellent new building and 
spoke feelingly about the importance of science 
teaching and of the difficulties to obtain well-trained 
teachers. 

The first speaker was Dr. Shirley Jones of Harvard 
College who gave a very timely talk on the International 
Geophysical Year program, the kind of information to 
be obtained and the present knowledge of the sun’s 
activities. Her colored photographs of the sun’s 
corona, taken in different wave lengths, and of the sur- 
face of the sun were spectacular. Her sun spot studies 
were of particular interest. The implications of the 
recent successful launching of the earth satellite by the 
U.S. S. R. on the furthering of knowledge of the sun 
in the IGY were made clear. This excellent talk was 
followed by an equally interesting one by Richard §. 
Stein of the University of Massachusetts on the topic, 
“Why Rubber Stretches.”” By ingenious experiments 
he correlated the theories of the constitution of rubber 
with the thermodynamic properties in a successful 
simplification of this abstruse subject. Not only was 
rubber stretched, but so were the imaginations of his 
captivated audience. Dr. Stein had just returned 
from participating in the International Symposium on 
Macro-molecular Chemistry held in Prague, Czecho- 
slovakia. He was able to compare his recent experiences 
behind the Iron Curtain with those of the next speaker 
who the previous year had visited Moscow. David 
C. Grahame, Amherst College, had attended the Fourth 
Electrochemical Symposium of the Academy of Science 
of the U. S. S. R. from October 1 to 5, 1956, and gave 
an extremely interesting illustrated report on his trip. 

The topic of the symposium he attended was ‘“‘Prob- 
lems of Electrochemical Kinetics,” and it was sponsored 
by the Institute of Physical Chemistry of the Academy. 
The meeting was arranged by Professor A. Frumkin, 
who is reputed to be the world’s leading authority in 
this field. Dr. Grahame attended as one of Professor 
Frumkin’s guests, of whom there were nineteen. Two 
were Americans, two English, two West Germans, one 
French, and the rest from Iron Curtain countries, 
including China. Dr. Grahame was the contributor 
of a paper at the symposium, but it had been translated 
and was read by another in Russian. Before and after 
the symposium, the guests were shown laboratories 
and were taken sightseeing in and around Moscow. 
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The exchange of opinions with Russian scientists was 
uninhibited and cordial. Dr. Grahame was impressed 
with the generous support afforded this rather special 
field of physical chemistry and the laboratories and 
technicians available to aid in the work. 

The chairman of the membership committee an- 
nounced the names of members who had been elected 
since the summer conference: 


Anthony C. Alibrio, Teacher of Chemistry and Physics, Manches- 
ter High School, Manchester, Connecticut 

Donald S. Callbeck, General Science and Chemistry Teacher, 
Spaulding High School, Rochester, New Hampshire 

A. A. Deacutis, Chemistry Teacher, Brockton High School, 
Brockton, Massachusetts 

Franklin Groves, Science Instructor, Foxcroft Academy, Dover- 
Foxcroft, Maine 

William M. Jackson, Chemistry Teacher, Classical High School, 
Providence, Rhode Island 

Carl F. Martin, Teacher of Chemistry and Physics, Buckhannon- 
Upshur High School, Buckhannon, West Virginia 

Ronald M. Milburn, Assistant Professor of Chemistry, Boston 
University, Boston 15, Massachusetts 

Stephen M. McGrail, Teacher of Physics and Chemistry and 
Head of Department, North Reading High School, North 
Reading, Massachusetts 

Don B. Otis, Head of Science Department, Burr and Burton 
Seminary, Manchester, Vermont 

Paul L. Reber, Teacher of Chemistry, John Adams High School, 
South Bend, Indiana 

Ward H. Smith, Teacher of Chemistry, Tilton School, Tilton, 
New Hampshire 

Lester St. John, Head of Science Department, Lake Forest High 
School, Lake Forest, Illinois 

Joshua Sterling, Chairman of the Science Department, Dodge 
Vocational High School, Bronx, New York 

Arthur L. Swift, Teacher of Chemistry and Mathematics, Am- 
herst Regional High School, Amherst, Massachusetts 

Herbert S. Wight, Instructor in Chemistry and Physics, Hunting- 
ton School for Boys, Boston, Massachusetts 

Charles Zapsalis, Teacher of Chemistry and Physics, Long- 
meadow High School, Longmeadow, Massachusetts 


293rd MEETING 


The 293rd meeting was held at the Wentworth In- 
stitute, Boston, December 7, 1957, jointly with the 
Eastern Association of Physics Teachers and the New 
England Biological Association. It was arranged 
and presided over by Everett F. Learnard, Chairman, 
Central Division, New England Association of Chem- 
istry Teachers. He first introduced President H. 
Russell Beatty of Wentworth Institute (one of our own 
members) who brought a cordial greeting to the several 
groups. Then William A. Schurcliff of the Polaroid 
Company spoke on “Classroom Demonstrations of 
Polarized Light.” His informative talk demonstrated 
the different kinds of polarized light, their properties, 


157 


Report of Lhe | 
a> 
NEW 2 S5OCIATION 
OF CHEMISE | 
F CHES EACHERS 
¢ 
stay | 
932-36 
a Me!.,1, 
2, 
54). 
y, P. W. 
Soc. 72, 


and applications. He was followed by James Rosen- 
field, also of the Polaroid Company, who discussed the 
uses of the new Polaroid Projection Film in the class- 
room:. how it could be used to make slides of compli- 
cated blackboard drawings for consecutive classes; 
how it would aid in class discussions of homework; 
and how use could be made of it to project apparatus 
and exhibits in all situations where the class is too large 
to collect around a desk. He drew applause when he 
photographed a member in the front row, prepared a 
slide, and projected her picture on the screen in the 
short lapse of time of three minutes. 

The final speaker of the morning was M. Kent Wilson, 
Head of the Chemistry Department of Tufts Univer- 
sity, who spoke on “Chemical Bonds—a Central 
Theme for High School Chemistry.” In this talk, 
Dr. Wilson elaborated upon some of the ideas generated 
at the Reed College Conference of last June, sponsored 
by the A.C.S. Division of Chemical Education and by 
the Crown Zellerbach Foundation. One needs only 
to ask a group of teachers for the logical beginning of 
the present high school course, and for the logical 
sequence of topics in it, to realize that there is none. 
It is hodgepodge. Chemical bonds are the one central 
idea that differentiates chemistry from the other 
sciences, and a stimulating, meaningful course can be 
built around it. Dr. Wilson proceeded to outline 
such a course (see THIS JOURNAL, 35, 56 (1958). 

In the afternoon, Elbert P. Little, of Massachusetts 
Institute of Technology, gave an informal report on 
the activities of the Physical Science Study Committee. 
This group of high school, college, and university 
teachers, supported by funds provided by the National 


Science Foundation, and others, have been investigating 
all the problems connected with the teaching of high 


school physics. Dr. Little outlined their method of 
attack, their conclusions, and some of the new ap- 
proaches which have been developed. Using inexpen- 
sive equipment, such as ripple tanks and stroboscopes, 
he gave an exciting presentation of what lies ahead 
for science teachers and their students. 

The program was well attended and enthusiastically 
received. Our hosts, the faculty of the Wentworth 
Institute, provided a “red carpet’ treatment for every- 
one. A memorable lunch was served in pleasant 
surroundings. Seasonal decorations of snowmen, candy 
canes, and holiday greenery brought a festive air to 
the lunch. Faculty guides were available to show the 
facilities and to describe the program of training tech- 
nicians for which the Institute is justly famed. Every- 
one agreed that the meeting had been one of the out- 
standing in recent years. 

The Chairman of the Membership Diwan read 
the names of the following members who were admitted 
into the Association since the last meeting. 


John C. Camp, Senior Master, Proctor Academy, Andover, New 
Hampshire 

George A. Chaprass, student at Northeastern University, Boston, 
Massachusetts 

Charles A. Compton, Teacher of Chemistry and Physics, Phillips 
Exeter Academy, Exeter, New Hampshire. (Currently on 
leave of absence to assist in the Academic Year Institute at 
Harvard University) 

Anthony Y. DeThomas, Instructor in Chemistry, Teachers Col- 
lege of Connecticut, New Britain, Connecticut 

Mrs. Marsha Goldstein, Teacher of Chemistry and Physics, 
Westwood High School, Westwood, Massachusetts 
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Edward A. Healy, Instructor in Chemistry, Providence College 
Providence, Rhode Island 

Susan C. Hill, Teacher of Chemistry and General Scierice, 
Brookline High School, Brookline, Massachusetts 

Edgar N. Johnson, Chemistry Teacher, West Springfield High 
School, West Springfield, Massachusetts 

Robert G. Johnson, Science Teacher, Belmont High School, 
Belmont, Louisiana 

Mrs. W. Wallace Mathison, Head of the Science Department, 
Rogers High School, Newport, Rhode Island 

Charles E. Messer, Associate Professor of Physical Chemistry, 
Tufts University, Medford, Massachusetts 

Mrs. George L. Robb, Chemistry Teacher, Dana Hall School, 
Wellesley, Massachusetts 

C. F. Rockey, Teacher of Chemistry, Physics, and Electronics, 
New Trier Township High School, Winnetka, Illinois 

Harold Simpson, Teacher of Chemistry and Physics, Northeaston 
High School, Northeaston, Massachusetts 

E. Vantine Smith, Teacher of Chemistry, New Trier Township 
High School, Winnetka, Illinois 

Thomas T. Sugihara, Associate Professor of Chemistry, Clark 
University, Worcester, Massachusetts 

Roy H. Upham, Assistant Professor of Chemistry, St. Anselm's 
College, Manchester, New Hampshire 

Lynn Wetherill, graduate student in the Department of Chemis- 
try, Tufts University, Medford, Massachusetts 


President Robert D. Eddy has appointed the follow- 
ing as committee members for the Twentieth Summer 
Conference to be held at the University of Rhode Island, 
Kingston, Rhode Island, August 18 to 23, 1958. 


20th SUMMER CONFERENCE COMMITTEE 


Co-chairmen: Maryalice Moore, Stonehill College, North Easton, 
Massachusetts; Harry C. Stubbs, Milton, Academy, Milton, 
Massachusetts; Assistant Program Chairman, M. Kent Wilson, 
Tufts University, Medford, Massachusetts 

Registrar-Treasurer: Elizabeth A. Quinn, Saxe Junior High 
School, Stamford, Connecticut; Assistants, Stephen G. Ro- 
maine, Ellsworth High School, South Windsor, Connecticut; 
and Sister Mary Bridget, St. John’s High School, Concord, 
New Hampshire. 

Secretary: Eugene C. Winslow, University of Rhode Island 

Representative of Host Institution, W. George Parks, University of 
Rhode Island 


Sub Committees 


Hospitality: George Zink, Groton School, Groton, Massa- 
chusetts; Stephen 8. Winter, Northeastern University, Boston, 
Massachusetts 

Printing and Mailing: Howard A. Smith, Milton High School, 
Milton, Massachusetts 

Publicity: Rev. James W. Hackett, Providence College, Provi- 
dence, Rhode Island 

Session Chairmen: Edward M. Collins, Denison University, 
Granville, Ohio 

Motion Pictures: James Watters, Bradford Durfee College of 
Technology, Fall River, Massachusetts 

Exhibits: Leon Magee, Newington High School, Newington, 
Connecticut 

Social Activities: Christie Drago, Littleton High School, Little- 
ton, New Hampshire; Guest Activities, Mrs. David L. David- 
son, Arlington, Massachusetts; Mrs. Robert D. Eddy, W in- 
chester, Massachusetts; Children’s Activities, Mr. and \\rs. 
Marco H. Scheer, Nashua High School, Nashua, New Hamp- 
shire; Evenings, Martha Dunbar, Centenary Junior College, 
Hackettstown, New Jersey; Mrs. Isabelle Betz, Whiteficld 
High School, Whitefield, New Hampshire; Mrs. Ruth Cr:ig, 
Gloversville High School, Gloversville, New York 

Picnic: Clinton Johnson, Cranston High School, Crans'n, 
Rhode Island; David Staples, Keene Junior High Sch:ol, 
Keene, New Hampshire 


LAURENCE 8. Foster 
Editor of NEACT Repor' 
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To the Editor: 

In the article by Marquand (J. Cuem. Epuc., 34, 532 
(1957)) the terms adsorption-absorption and adsorbent- 
absorbent are used interchangeably. 

The term “adsorption” should refer to a surface 
phenomenon in which molecules of one substance 
become concentrated at the surface of another material. 
The term “absorption” should refer to a bulk phe- 
nomenon in which one material is not only retained on 
the surface but is also distributed throughout the body 
of the second material. 

In reviewing the article by Marquand it appears to 
this reader that the poisonous gases mentioned were 
removed from the air by a process of adsorption and the 
agents used to remove the gases were therefore adsorb- 
ents. However, in any case, whether the process is 
adsorption or absorption, the writer should be con- 
sistent in his terminology. 


WALTER MEYER 


756 DouLtton Court 
Co_umBus 4, OHIO 


To the Editor: 

The strong beliefs of the reviewer quoted in Editor’s 
Outlook (November, 1957) have led him to take an 
extreme position, with unjustified implications. 
“’..men go into physical sciences as a result of natural 
abilities which have been given identification and 
encouragement... .” 

I do not believe that the doctrine of inherited ability 
in specific fields can be supported. Mental ability is 
basic, then circumstances lead in one direction or 
another. Often the choice is difficult. In such cases 
the economic facts of life can tip the scale—and justifi- 
ably. For to most people a low salary scale does not 
mean that the work is so attractive that the many 
applicants depress the wage scale; it is taken to mean 
that society does not consider the job to be very im- 


portant, and that there is something queer about people ~ 


who will accept low pay and the low status associated 
with it. 

Refore I advise a border-line case or a versatile genius 
to become a chemist (or a teacher), I want to feel 
reasonably sure that he will be appreciated, and paid 
accordingly. 

The moral of all this is that the social climate of our 
country needs to be changed so that we appreciate and 
value intellectual attainments in general—not just in 
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science and mathematics, and particularly not just in 
the field of satellites and missiles. That will be a major 
change; I hope it can be achieved without any more 
catastrophic stimulus than losing a sputnik race. 

J. Gordon MANZER 


CENTRAL ScHoou 
TRENTON, NEw JERSEY 


To the Editor: 


It has been found that the product of the specific 
heat (at 0°C.) and the density (at 20°C.) of a metal 
appears to have some relationship to the position of that 
metal on the electromotive force series. (See accom- 
panying figure.) 


sp. ht. (cal./g.) X density (g./cc.) = f (e.m.f.) 


The quantity on the left has the dimensions of cal./ce. 
The factors which influence the magnitude of the elec- 
trode potential of a metal are: the energies absorbed in 
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sublimation and ionization and the energy released by 
hydration of the ions. Of these it appears that the only 
one which can involve the volume, as implied by the 
dimension (cal./cc.) is the sublimation energy of the 
metal. Can your readers suggest what this relationship 
may be? 


Gary A. STROBEL 


CoLorapo State UNIVERSITY 
Fort CoLoRADO 


To the Editor: 

For some time the author has felt the need for a 
word which would parallel the word molecule but be 
applicable to ionic species Though we stress the fact 
that no molecules exist in an ionic crystalline substance 
such as NaCl, and substitute the terms: “gram formula 
weight” or G.F.W., and formality for gram molecular 
weight or mole and molarity, we have no word to de- 
scribe the hypothetical ionic analogue of the molecule. 

Even in the course of denying the existence of this 
entity, I am embarrassed as a teacher since I must 
flounder in describing it. There are applications, how- 
ever, in which such a concept does have considerable 
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significance, as for example in explaining the lattice 
energy concept in terms of an aggregation of ions from 
the gas phase. The context, of course, is the Born- 
Haber cycle, which is so frequently employed for this 
purpose. 

Accordingly, I had introduced to my classes the word 
“senacule’’—which is taken from the initial letters of the 
phrase smallest electrically neutral aggregate. The 
“cule” ending was added for euphony and also to stress 
the relationship of this hypothetical unit to the mole- 
cule. However, my colleague Professor Ernest Loebl 
has proposed that the word “formecule”’ be substituted 
for obvious reasons, and I find I prefer this word for the 
entity. 


The concept appears to the writer to be of consider. 
able utility, provided that students, especially those jn 
elementary courses, are cautioned sufficiently about the 
very fundamental difference between this partic]: and 
the molecule. In fact, the existence of the word may 
afford us the opportunity to contrast internal saturation 
of “valence forces” in molecules to the unsaturated 


electrical forces in the hypothetical formecule. I there. 
fore offer the word to the readers of THIS JOURNAL for 
their comment. 


Lewis Poxkras 
POLYTECHNIC INSTITUTE OF BROOKLYN 
Brooxk.iyn 1, New YorK 


+ 


Déuistou of CHEMICAL EDUCATION 


American Chemical Society 


PROGRAM OF VISITING SCIENTISTS IN CHEMISTRY 


One of the newest ventures of the Division of Chemical Educa- 
tion is the Program of Visiting Scientists in Chemistry. E. L. 
Haenisch (Wabash), chairman of the program since its origin in 
1956, writes about the development of the program as follows: 
“The origin of this program lies in the fact that the National 
Science Foundation was pleased with the success of the Visiting 
Scientists in Mathematics Program and suggested to John Bax- 
ter, then the chairman of the Division’s Committee on Institutes 
and Conferences, that a similar program might be successful in 
chemistry.” The first year of operation was indeed successful, 
and, to administer the second grant, a separate Divisional Com- 
mittee on Visiting Scientists was set up which consisted of W. F. 
Ehret (N.Y.U.), E. C. Fuller (Beloit), S. P. Massie (Fisk), and 
W. E. Morrell (U. of Illinois), J. F. Baxter (U. of Florida), and 
E. L. Haenisch (Wabash). For the next year the committee will 
operate under the chairmanship of S. P. Massie. Each of the 
grants was for $20,000. 

The objectives of this activity are briefly stated in the brochure 
describing the program. ‘The program has as its objectives: 
(1) to strengthen and stimulate the chemical programs in colleges, 
(2) to provide the chemical staff and major students in small col- 
leges with the opportunity of contacts with productive and crea- 
tive chemists, and (3) to aid in the motivation of able secondary- 
school students for careers in chemistry and the teaching of chem- 
istry.” 

In the spring of 1956 the program started with seven visitors, 
including L. B. Clapp (Brown), A. B. Garrett (Ohio State), W. F. 
Kieffer (Wooster), R. E. Kirk (deceased 1957), J. Kleinberg (U. 
of Kansas), H. F. Lewis (Institute of Paper Chemistry), and L. E. 
Steiner (Oberlin). Twenty-two institutions, mostly small liberal 
arts colleges, were visited. For the fall and winter visitation of 
1956-57, the number of visitors was increased to 14 through the 
addition of J. C. Bailar, Jr. (U. of Illinois), Robert C. Brasted 
(U. of Minnesota), H. G. Cassidy (Yale), H. B. Jonassen (Tu- 
lane), N. W. Rakestraw (Scripps Institution of Oceanography), 
H. Sisler (U. of Florida), W. H. Slabaugh (Oregon State), and C. 
A. VanderWerf (U. Kansas). In addition the members of the 
Committee each made at least one visitation. This group visited 
61 institutions. For the academic year 1957-58 the Visitor panel 
was expanded again with the addition of R. C. Anderson (U. of 
Texas), L. R. Brantley (Occidental), C. E. Bricker (Princeton), J. 
A. Campbell (Harvey Mudd), H. Eyring (U. of Utah), L. F. 
Fieser (Harvard), E. M. Larsen (U. of Wisconsin), L. E. Malm 
(U. of Utah), T. Moeller (U. of Illinois), L. L. Quill (Michigan 
State), F. B. Schirmer, Jr. (Clemson), R. N. Smith (Pomona), 
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J. A. Timm (Simmons), and G. Van Zyl (Hope). Again each 
member of the Committee expects to make at least one visitation. 
To give the membership of the Division an idea of the kinds of 
institutions visited and their geographical distribution, a list of 
those institutions visited or to be visited in 1957-58 follows: 
Alabama State, Arkansas A and M, Barry, Bellarmine, Beloit, 
Bethany, Boston U., Brandeis, Campbell, Carleton, Carson-New- 
man, Clarkson Tech., Colorado, Colorado State, Concordia Den- 
ison, Earlham, East Carolina, Elmira, Fisk, Georgian Court, 
Greenville, Grinnell, Grove City, Hollins, Immaculate Heart, 
Jarvis Christian, Lamar State, LaVerne, Long Beach State, 
Louisiana, Luther, Lycoming, Marygrove, Marymount, Michigan 
Mining and Technology, Mills, Millsaps, Milwaukee-Downer, 
Mississippi Southern, Monmouth, Morehouse, Morris Harvey, 
Northwest Missouri, Oberlin, Ohio U., Ohio Wesleyan, Park, 
Presbyterian, Randolph-Macon, St. Francis, St. Joseph’s, St. 
Mary’s Dominican, St. Olaf, Salem, South Dakota State, 
Southern Illinois, Southern Missionary, Swarthmore, Trinity, 
(D.C.), Tuskegee, U. of Houston, Kansas City, Massachusetts, 
Nevada, Richmond, Virginia Polytechnic, Virginia Union, Wa- 
bash, Wellesley, Western State of Colorado, Western Washing- 
ton, Westminster, Wheaton (Ill.), Wheaton (Mass.), West Vir- 
ginia Wesleyan, Wilmington, Wofford, Bethel, and Briar Cliff. 

The Visitor usually takes over some of the lectures and classes 
of the regular staff, and in addition has the opportunity to meet 
with students and faculty informally at luncheons and other social 
gatherings. Not infrequently other opportunities appear. For 
example, during the 1956-57 academic year Visitors made 3 radio 
and 2 TV appearances, gave 5 public lectures, 11 addresses to 
service clubs, and made 12 contacts with high school teachers «nd 
students. One Visitor had the opportunity to speak to the Con- 
ference on Higher Education in Wyoming, and another addressed 
the annual meeting of the Oregon Museum of Science and Indus- 
try. 

All reports reaching the chairman indicate that the program is 
highly successful in stimulating interest in science on the campuses 
visited. 

One department head’s comments on the Visitor to his cam- 
pus was, “‘He will never know the full impact of his visit, but like 
a stone dropped into a quiet pool, the waves of his influence will 
spread outward. I think the project of Visiting Scientists in 
Chemistry is a great idea.” ! 


Epwarp M. LarsEN 


JOURNAL OF CHEMICAL EDUCATION 
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EDWARD WILLIAMS MORLEY, HIS 
INFLUENCE ON SCIENCE IN AMERICA 


Howard R. Williams, Chemistry Master, 
Emeritus, Western Reserve Academy, 
Hudson, Ohio. Chemical Education Pub- 
lishing Co., Easton, Pennsylvania, 1957. 
xi+ 282 pp. 16 X 23.5cm. $6.50. 


Tus is the biography of one of the im- 
mortals in science, Edward Williams Mor- 
ley, professor of chemistry and natural 
history from 1869 to 1906 at Western Re- 
serve College and University. 

Above all, Morley was devoted to mak- 
ing the most accurate of measurements. 
When only 23 years of age he determined 
with precision the latitude of the astro- 
nomical observatory at Williams College. 
Chemists will always honor him for his ex- 
ceedingly accurate measurements on the 
densities of oxygen and hydrogen gases and 
and the ratio of their weights which com- 
bine to form water. Upon this man’s 
pioneering work in this field is based the 
chemist’s table of atomic weights. But 
his name will long be remembered for an 
experiment which, strange as it may seem, 
“found nothing’’ measurable. Familiarly 
known as the ‘‘Michelson-Morley experi- 
ment,’’ this piece of work with its negative 
results was an investigation conducted in 
1887 jointly with Albert Michelson. The 
results show that the hypothetical ‘‘ether’’ 
through which the earth was supposed to 
move does not exist. Not until Albert 
Einstein developed his special theory of 
relativity in 1905 was the magnitude of the 
Michelson-Morley experiment appreci- 
ated. Consequently, the year 1887 is 
often considered the birth date of modern 
physics. 

This biography tells not only of scien- 
tifie achievements but also portrays the 
character and human qualities of a truly 
great man. The reader seems to be trans- 
planted to a very different period from to- 
day, the nineteenth century. The author 
writes his story with a feeling of affection 
and admiration for his subject and in turn 
this feeling is passed on to the reader. 
From this biography, the reader will know 
not only Morley the scientist but also 
Morley the man. 

The book contains much hitherto un- 
published material. Most of the infor- 
mation came by way of interviews by the 
author with men well along in years who 
knew Morley and from a large number of 
Morley’s letters to his family which were 
discovered in an old and forgotten family 
trunk. The author has done a remarkably 
good piece of work in the selection and 
arrangement of excerpts from these letters. 
Asa result the reader often has the feeling 
that Morley is telling his own story. The 
book is illustrated by a considerable num- 
ber oi well-chosen half-tone photographs 
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and appends both a bibliography of mate- 
rial about Morley and a complete list of 
Morley’s scientific publications. 

This book is recommended to the many 
who enjoy biography, to chemists and 
other scientists. Students in high school 
and college, when the going is sometimes 
hard, will be inspired in their own work by 
the examples of Morley’s victories over dis- 
couragements and by his devotion to scien- 
tific pursuits. With its good format, 
typography and binding, the book might 
well be a most acceptable gift. It should 
find a place in all public and school and 
university libraries as well as on the shelves 
of most chemists. 


NORBERT A. LANGE 
MARION CLEAVELAND LANGE 
HanpDBooK PuBLisuers, INc. 
Sanpusky, 


ORGANIC SYNTHESES: AN ANNUAL 
PUBLICATION OF SATISFACTORY 
METHODS FOR THE PREPARATION OF 
ORGANIC CHEMICALS. VOLUME 37 


James Cason, Editor-in-Chief. John 
Wiley & Sons, Inc., New York, 1957. 
vii + 109 pp. 15.5 X 23.5cm. $4. 


Tuis 37th addition to a familiar and 
popular series of annual volumes again 
contains the common names, the Chemical 
Abstracts indexing name if different, the 
equations, procedures, notes, and addi- 
tional methods of preparation for 32 
organic compounds. Directions have been 
submitted by 53 contributors. Each 
preparation has been carefully checked 
by competent chemists. The cumulative 
subject index lists all material contained 
in Volumes 30 to 37 inclusive. The 
style, size, appearance, and quality are 
identical to those of previous volumes of 
the series. 

“Organic Syntheses”’ are too well known 
and widely accepted to require any 
elaborate justification or description in 
this review. Their popularity is further 
attested by the fact that 25 of the indi- 
vidual volumes are already out of print. 
A significant development, however, is the 
inclusion of a ‘“Warning’”’ that p-tolylsul- 
fonylnitrosamide has been reported in at 
least one instance to have detonated 
spontaneously after storage for several 
months. For long periods of storage, it is 
recommended that the material be re- 
crystallized and then stored in a dark 
bottle. Holders of Volume 34, page 99, 
note 9 (1954), should make corresponding 
notations. 


RALPH E. DUNBAR 
Nortu Daxora State 
Faroo, Nortu Dakota 


A SHORT COURSE IN QUANTITATIVE 
ANALYSIS 


Hobart H. Willard, Professor Emeritus, 
University of Michigan, N. Howell Fur- 
man, Professor of Chemistry, Princeton 
University, and Egbert K. Bacon, Pro- 
fessor of Chemistry, Union College. Second 
edition. D. Van Nostrand Co., Inc., 
Princeton, New Jersey, 1957. vi + 243 
pp. 40figs. l0tables. 16 X 23.5 cm. 
$4.25. 


IN THE preface to this revised edition of 
a basic text for a one semester course in 
quantitative analysis, the authors state 
that this edition is different from the first 
edition in the following: (1) The order of 
presentation stresses, in general, the ex- 
perimental procedures. Principles and 
theories follow experimental work. (2) 
The experiments have been selected on the 
basis of surveys which show them to be 
the most typical and most commonly used 
determinations in introductory courses in 
quantitative analysis in this country. 
(3) The number of problems has been in- 
creased. Answers are given for about 
one-third. (4) The analysis of brass has 
been added and experiments which use the 
pH meter and the colorimeter have been 
included. 

Experimental work includes: volu- 
metric analyses, 3 acid-base, 5 oxidation- 
reduction, 3 precipitation (all chloride 
determinations); gravimetric analyses, 5 
determinations including limestone (5 
constituents) and brass (4 constituents); 
instrumental analyses, 2 determinations 
(pH titration and colorimetric manganese ). 

For each determination, a short dis- 
cussion of the principles of the deter- 
mination precedes the instructions on pro- 
cedure. The ‘“‘procedure’’ section con- 
tains a considerable amount of explana- 
tion for the steps taken as well as the op- 
erational instructions. This takes the 
place of the more common method of 
following the procedure with a set of ex- 
planatory notes which are referred to in 
the operational instructions. In effect, 
this makes the student read the otherwise 
annotated explanations, which may be an 
advantage. It does, however, make the 
steps of the process less clearly delineated. 

Volumetric analyses are given first, 
followed by gravimetric and instrumental 
methods. The experimental procedures 
are conventional and are clearly written 
with adequate explanations of the chemical 
principles involved. 

The parts of the book covering theory 
present the traditional material in present 
day quantitative analysis. Since the book 
is intended for a one semester course, the 
treatment of this material is quite elemen- 
tary. The discussion of electrode poten- 
tials and cell potentials is qualitative. Cal- 
culations of points on a titration curve 
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Tor acid-base are worked out but this is not 

done for red-ox systems. The electrode 
potentials are listed as reduction poten- 
tials using the sign convention of Latimer. 
Acids are discussed in terms of the simple 
H+ “for the sake of simplicity.’’ This is 
common practice, but the student might 
wonder why he must refer to other sources 
for ‘‘modern views on acids’’ (p. 60). 

The appendix contains a discussion of 
the solving of quadratic equations, the use 
of logarithms and exponential numbers, 
care of platinum ware, tables of constants, 
and a five place table of logarithms. 

This book is well worth the serious con- 
sideration of teachers of a one semester 
course in elementary quantitative analysis 
in the conventional manner. 


PAUL K. GLASOE 
WITTENBERG COLLEGE 
SPRINGFIELD, OHIO 


PRINCIPLES OF PHYSICAL SCIENCE 


Francis T. Bonner, Arthur D. Little, Inc., 
and Melba Phillips, Washington Univer- 
sity, Addison-Wesley Publishing Co., Inc., 
Reading, Massachusetts, 1957. xvi + 
736 pp. 15 X 23.5cm. $7.50. 


THE authors, with a background of 
teaching the subject to non-science stu- 
dents in a liberal arts college, present in 
this volume a well-organized effort to 
hybridize a survey of the natural physical 
sciences utilizing the case history approach. 
It is their intent to develop an apprecia- 
tion, an understanding, and an interest in 
this field through conscious effort and 
serious study, even though the student 
may have a non-science future. 

The study begins with the growth of the 
physical world from the abstract geo- 
metrical astronomy of Greece and pro- 
ceeds to modern chemistry, nuclear phys- 
ics, geophysics, and stellar astronomy. 

Considerable emphasis is placed upon 
developing concepts of what science is, 
how scientific knowledge has accumulated 
and the relationship of the present status 
of science to its past. The role of the 
planned experiment is stressed as a pro- 
cedure essential to the production of scien- 
tific concepts. The elimination of the 
conventional boundaries of the disci- 
plines involved is well achieved and suc- 


ceeds..in creating an. awareness, for: the: 


student, of the unified, interdependence of 
the physical sciences 

The book opens with Benjamin Frank- 
lin’s definition of man as a ‘‘tool-making 
animal”’ who had questions that demanded 
answers. Then, it proceeds to the so- 
lutions of problems which had varying de- 
grees of success, each being dependent 
upon man’s accumulated background of 
ideas. Special consideration is devoted to 
the fact that science has had as its con- 
sidered objective the interpretation of 
natura! phenomena. 

The book is well written, with sufficient 
examples, illustrations and exercises that 
it makes very interesting reading for any- 
one. Consequently, it should provide a 
needed stimulus for the student. 
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The authors state that such a study 
presupposes no particular science or math- 
ematical background. However, this re- 
viewer feels that, since this is not an ex- 
amination of a few isolated ideas and facts 
about physical science, it will demand some 
very serious, concentrated, difficult study. 

A fairly extensive bibliography pro- 
vides necessary supplemental information. 
Numerous thought-provoking questions 
and exercises conclude most chapters. 


W. G. KESSEL 
InpIANA State TEACHERS COLLEGE 
Terre Havre, INDIANA 


NOUVEAU TRAITE DE CHIMIE 
. VOLUME 1 


Edited by Paul Pascal, Honorary Profes- 
sor, Sorbonne. Masson et Cie., Paris, 
1956. xi + 1101 pp. 275 figs. 18 x 
26 cm. 


TuE first volume of Pascal’s “Nouveau 
Traité de Chimie Minérale” begins a 19- 
volume set to be completed by 1960. 
This comprehensive work of inorganic 
chemistry is intended to replace rather 
than to supplement the earlier 12-volume 
“Traité de Chimie Minérale”’ published 
in 1931-34. While this may be the reason 
so many references from the past century 
appear in the bibliographies at the end of 
sections, the question does arise as to 
whether more modern sources might exist 
in some areas. 

It is stated that a critical selection and 
limitation had to be employed for the 
bibliography of sources, and it will be 
noted that the periodical literature is 
limited to 146 titles. Yet only two 
Russian journals are included, and they 
are under old titles which have changed or 
ceased publication years ago. As an 
example, the Journal de Societe Physico- 
Chimique Russe is listed, and it ceased 
publication in 1930 to form two other 
journals, the present Zhurnal Obshchei 
Khimit and the Zhurnal Fizicheskoi 
Khimii. In 1954, the last year in which 
the literature was searched for this volume, 
Chemical Abstracts has some 369 ab- 
stracts from the former and about 219 
from the latter. In view of the increasing 
importance of Russian chemical literature 
in recent years, it is felt that original 
Russian sources should have been in- 
cluded to a greater extent. But the bibli- 
ography does include such abstracting 


’ journals as Chemical Abstracts, British 


Abstracts and Chemisches Zentralblatt 
which could be used as secondary sources 
for other journals. 

The arrangement of the bibliography in 
the text is to be commended. The 
bibliographies of citations are gathered at 
the end of sections instead of into one 
unwieldy grouping at the end of the vol- 
ume, and notes at the bottom of each page 
of text tell on which page the next 
bibliography occurs. The bibliographies 
include data on periodical holdings and 
locations of the major libraries in France. 
A most valuable device in the bibliog- 
raphies is the inclusion of the date of 
sources cited. 

The introductory materials, except for 


those on isotopes, and sections on air, 
water, and hydrogen were written b\ the 
editor, Paul Pascal, for the first 686 p..ces, 
while the sections on hydrogen isoi. pes 
were presented by R. Viallard, inclu ing 
one page on hydrogen of mass 4. Heiium 
and the inert gases comprise the se ‘jon 
written by G. Pannetier, and the ‘nal 
section, Radon, was written joint], by 
G. Bouissieres and Haissinsky. | ges 
1087-1101 include the index and tab'« of 
contents. 

In such an ambitious project to «om- 
pile data and bring the comprehei sive 
body of data on inorganic chemistry up 
to recent years into one set of volumes, it 
is possible to find faults, omissions, and 
several areas of criticism. Yet the «ver- 
all plan, the projected work, and the great 
need for a modern comprehensive :cfer- 
ence set in this area of chemistry will 
make it possible to balance favorably the 
good points against the criticisms. I the 
other volumes of the set are completed as 
planned and measure up to the generally 
good standards of the first volume, there 
is little doubt but that this work will be- 
come a standard reference set required by 
libraries which provide chemical reference 
service. 


R. KRUMM 
UNIVERSITY OF FLoRIDA 
GAINESVILLE, FLORIDA 


NOUVEAU TRAITE DE CHIMIE 
. VOLUME 10 


Edited by Paul Pascal, Honorary Profes- 
sor, Sorbonne. Masson et Cie., Paris, 
1956. xxxix + 963 pp. 130 figs. 18 
X 26 cm. 


VotumeE Ten of Pascal’s ‘‘Nouveau 
Traité de Chimie Minérale” is the second 
to be published of the 19 planned for the 
entire set. The introductory material is 
but a repetition of explanations, tables, 
and lists presented in the first volume 
about the over-all plan and bibliography. 
In this connection, no other periodicals 
have been added as sources. 

The text is limited to an attempted 
comprehensive coverage of nitrogen and 
phosphorus, except for a few pages about 
elements of Group V as a whole. Litera- 
ture searches were conducted into 1955, 
except for one section with a coverage into 
1956. Only 234 pages are devoted to 
phosphorus, while the main portion of the 
volume is reserved for nitrogen. Am- 
monia and ammonium compounds are 
included under nitrogen and are not 
treated as a section in the other parts 0! 
the set. The editor has written the in- 
troduction, the section on nitrogen, and 
the material about organic compounds o! 
phosphorus. With the latter exception, 
the material on phosphorus is ly RB. 
Dubrisay. 

The excellent bibliographic arrange 
ment of the first volume has been re‘.ined 
so that bibliographies are scattered at 
intervals, with a note at the bottom o/ each 
page of text to indicate where the bibliog- 
raphy may be located. An inde. and 
table of contents ave at the end of the 
volume. 


(Continued on page A122) 
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UCATION 


T :actine chemistry can be exciting. The subject 
itself can inspire eloquent enthusiasm, obvious behind 
the lecture table, desirable in the seats in front. But 
when we ask a great teacher what it is that sparks his 
enthusiasm, what it is that comes closest to providing 
a satisfaction to him, he invariably begins to talk about 
his students. Never is it their response to his carefully 
contrived examination which excites him; it is their 
accomplishment after they left his class which brings 
him his own private Nobel prize. 

Teaching chemistry which involves training chemists 
is bound to be exciting. The realization that minds are 
being trained to accept the same challenges which in- 
spire his own enthusiasm is a bonus every teaching 
chemist enjoys. No one who reads the papers we are 
carrying in this issue and the next on ‘‘New Ideas in the 
Four-Year Chemistry Curriculum” can fail to catch the 
nuance that the goal of all is to advance science by de- 
veloping more and better scientists. 

One of the most significant trends we see in under- 
graduate chemical training is the assurance that the 
student be given the opportunity to engage in research. 
This is not a new idea, either in its philosophical or 
practical implications. Its widespread acceptance and 
implementation is. It is safe to say that almost no 
holder of a recent A.C.S.-accredited B.A. degree has not 
had some research experience. Some would argue that 
there should be quotation marks around the word “re- 
search” to imply a qualification of the term when ap- 
plied to an undergraduate’s investigation. This may 
be a justifiable point of view if it does not include con- 
descension. A problem is suitable for an undergraduate 
not by virtue of its insignificance but rather by its rela- 
tive simplicity. The same frustrations of trying the 
wrong things first, of grappling with the “innate cuss- 
edness of inanimate matter” and not allowing time 
enough to write the report without burning the mid- 


night oil all can be and should be a part of his experience. . 


He also is entitled to the gratification of coming up with 
some results that have meaning not just for him, but 
for his scientific peers as well. 

Fortunately, there is no standard plan for encourag- 
ing an undergraduate to make some discoveries on his 
own. The student in the university who used to scurry 
to his regimented laboratory period past doors mys- 
teriously labeled ‘Research Laboratory” now finds 
them opening to him. There has been a shocking slow- 


ness to realize that if future coaches can work their way 
by refereeing intramural basketball games, a similar 
apprenticeship for scientists should be worthy of budg- 
etary support. However, getting paid for washing beak- 
ers is not doing research. It takes ingenuity and not a 
little patience to use an undergraduate as more than a 
dial-twister or data-taker. We have been impressed by 
the success of university professors who have had the 
imagination to add undergraduates to their research 
teams, even to the extent of participation in research 
seminars. 

In colleges, a different development has taken place. 
Scores of institutions that fifteen years ago exposed 
their students only to textbooks and laboratory manuals 
now give them the opportunity to experience the ex- 
citement of discovery. This, too, is not easy! It 
sounds fine but is quite untrue to say that any problem 
which a student does on his own can be considered 
“research.” It is all the more credit to the increasing 
number of professors in college laboratories whose work 
is reported in the literature that they and their adminis- 
trations recognize the importance of real and not 
trumped-up research. 

One of the most gratifying aspects of research in the 
colleges is to see the support which is being given by 
industry and the foundations. For example, a portion 
of every unrestricted Du Pont grant to liberal arts col- 
leges probably finds its way into a college research pro- 
gram. The number of projects supported by the N.S.F. 
and the Petroleum Research Fund of the A.C.S. on col- 
lege campuses is climbing at a fast rate. The Research 
Corporation has hundreds of thousands of its dollars 
invested in the ideas which originated on college cam- 
puses. While it is true, sadly enough, that a man who 
leaves graduate school not wanting to do any more re- 
search still can find a position in college teaching, it is 
also true, happily enough, that he cannot bid farewell 
to research if he wants to teach in the best colleges. 

Chemistry is what chemists do. The most obvious 
thing chemists do not do is merely to absorb knowledge 
without contributing toitsfund. An undergraduate de- 
serves treatment as a student chemist. It is en- 
couraging to realize that more and more undergraduates 
are getting what they deserve by sometime attacking. 
a problem for which the answer cannot be found in the 
professor’s little black book. 


| 
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New Ideas in The Four-Year Chemistry Curriculum 


Tue Committee on Teaching of the Division of Chem- 
ical Education proposed the Symposium of New Ideas 
in the College Chemistry Curriculum for the 132nd 
Meeting of the A.C.S. in New York, September, 1957, 
with the purpose of bringing attention of the members 
of the Division to experiments in chemical education 
now in progress in this country. It was evident to the 
committee from the papers given before the Division in 
recent years, many of which have appeared in THIS 
JOURNAL, that there had been plenty of tinkering with 
individual courses by single instructors or small groups 
in a Department, but that few whole Departments had 
considered entire curriculum offerings for revision. 
The papers given in this Symposium suggest, however, 
that several schools had been thinking in this direction, 
and a significant number of the programs reported here 
actually went into effect in September, 1957. 


The significant changes in instruction in chemist - 
which seem to pervade the present atmosphere are t 
following: (1) Analytical chemistry is being offe: : 
later in the curriculum while organic chemistry appe: : 
earlier; (2) more effort is being made to recognize go id 
high school teaching in chemistry; (3) more effort is 
being made to challenge the good student in the begin- 
ning college course. The last change is directly con- 
nected to the second. 

The papers will appear in two consecutive issues of 
THIS JOURNAL. The first group is concerned with the 
content of the whole four-year program; the second will 
deal more specifically with certain courses. 


LEALLYN B. 
Brown UNIVERSITY Chairman of Symposium 
PROVIDENCE 12, R. I. 


CHEMICAL CONCEPTS AND THE COLLEGE 
CHEMISTRY CURRICULUM’ 


“T believe the leaders in chemical education can learn some 
important things from the engineers. We hear many voices these 
days expressing a desire for an improved status for the profession 
of chemistry, and I am convinced that the fundamental and sound 
way to achieve this desire is to improve education for the pro- 
fession of chemistry. 

“During the 20 years in which we have had such a rapid change 
in education for the engineering and many other professions, there 
has been no substantial change in chemical education at either 
the undergraduate or graduate level, except possibly a trend to- 
ward greater specialization.” 

J. C. Warner, Presidential Address 
to the American Chemical Society, September, 1956 (7) 


“The Paradox is now fully established that the utmost abstrac- 
tions are the true weapons with which to control our thought of 
concrete fact.” 


A. N. Wurreneap (2) 


1 Presented as a part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemi- 
cal Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 
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LAURENCE E. STRONG and 
0. THEODOR BENFEY 


Earlham College, Richmond, Indiana 


Tue chemistry curriculum finds itself in an impasse. 
There has been a mounting revulsion against the teach- 
ing of myriads of isolated facts and this has shown it- 
self in the steady transformation of the first year course 
into a survey course of chemical principles. As time 
has gone on, more and more fundamental principles 
have edged their way into the freshman course, displac- 
ing most descriptive inorganic chemistry, much qual ‘a- 
tive analysis, and almost all quantitative measureme :'ts. 
There is no room for more principles, nor can they be 
unified and simplified without the aid of thermodynan ics 
or quantum theory. For these, however, the fri <h- 
man is not prepared. Furthermore, the displacemen: of 
the learning of descriptive material and of skills : ito 
later years has meant the virtual impossibility of fi: .d- 
ing room in sophomore and junior courses for a deta ‘ed 
and mature discussion of chemical concepts. (uly 
those who have survived a year of abstraction and wo 
years of training in skills and the assimilation of fac al 
data are granted the privilege of gaining in their se | 
year a balanced vision of the methods and aims of ch m- 
istry. 


JOURNAL OF CHEMICAL EDUCA! ON 


dl 
W 
ce 
is 
b 
a 
Ii 
tk 
m 
fo 
th 
ve 
di 
its 
le 
tn 
CO 
th 
ab 
nu 
Wi 
= Ve 


hemist 
> are tie 
offer d 
“appe: rs 
‘ize good 
effort is 
begin- 
tly con- 


issues of 
with the 
cond will 


CLAPP 
uposium 


impasse. 
ne teach- 
hown it- 
ar course 
As time 
rinciples 
displac- 
qual ta- 
reme:ts. 
they be 
lynaniics 
ve fre sh- 
emen' of 
cills ito 
r of find- 
deta led 
s. Only 
and wo 
fac ual 
sir 
of ch m- 


UCA1iON 


The methods of chemistry are united in this, that they 
arc examples of a fertile interaction of theory and exper- 
iment. And the aims of chemistry are all related to the 
understanding of the transformations of matter; it is 
this fact of transformation that marks off chemistry 
from the other sciences. The chemist traces the trans- 
formations of substances to the breaking and making of 
bonds in the individual molecules. The nature and 
properties of bonds are central questions underlying the 
scicnee of chemistry. 

it is clear to the authors that there is rife among 
chemistry teachers a great amount of dissatisfaction 
with the present chemical curriculum. On the other 
hand, there has been, to our knowledge, very little ex- 
peiimentation with major aspects of the teaching plan. 
The Brown University Curriculum (3) is a notable ex- 
ception achieving remarkable success by dropping gen- 
eral chemistry and making essentially a simple rear- 
rangement of the present courses, with organic chem- 
istry as the freshman course. 

Ly and large, inorganic chemistry has become the 
black sheep, displaced from its first year home and not 
accepted gladly into any subsequent course. Even 
within the American Chemical Society the Division of 
Inorganic Chemistry is officially ‘on probation.” 
Nyholm (4) has pointed out that 


.. .the earlier divisions of chemistry are disappearing and the 
subject is once more becoming an integrated whole. The modern 
inorganic chemist has scant regard for the distinctions between 
inorganic, organic, and physical chemistry. 


Organic chemistry, though the first to achieve a 
thoroughgoing conceptual framework for its subject 
matter, is commonly taught third perhaps because his- 


torically it began a little slowly, in part because it had to 
shed the complexities introduced by the belief in vital 
force. The teaching of organic chemistry still follows 
the early definition of Liebig that organic chemistry is 


the chemistry of compound radicals. We still take up 
organic compounds one functional group at a time with 
very little thought as to the logical relation between the 
groups. They are taught as essentially separate and 
distinct entities. 

Analytical chemistry has more and more assumed to 
itself the teaching of exact technique, and students 
breathe a sigh of relief when they are released into the 
less strenuously precise organic chemistry laboratory. 
The freshman laboratory also has suffered from this 
trend, the freshman seldom experiencing the joy of hav- 
ing made two parallel determinations that agree even 
within one per cent. 

Present-day chemistry teaching does not deal ade- 
quately with chemistry as it exists today. But more 
importantly it cannot do justice to the dynamic nature of 
science. A study of the amount of chemical literature 
covered by Chemical Abstracts (from 1906 to the pres- 
ent) and by Beilstein’s “Handbuch der Organischen 
Chemie” (prior to 1909) indicates that the amount of 
chemical information has approximately doubled each 
thir'een years. 

If this is so, it is as important for the student to be 
able to locate information as it is for him to know a large 
number of facts. It is doubtful if from now on any 
bod: of factual material can be justly labeled essential 
or bsic. The descriptive material taught in the future 
will serve essentially as examples of the nature of chem- 
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ical data. The teacher will hence have considerable 
freedom of choice as to the descriptive material he may 
use in his lectures. 

Given this “cancerous” growth of knowledge, and the 
rapidly developing theories and laws, how can we struc- 
ture a chemical curriculum adequate to our time? One 
fact stands out in the history of science: concepts last 
longer than classifications. The atom and the concept of 
affinity are still as important to our thinking about na- 
ture as they were to the early Greeks because each gen- 
eration has been able to reclothe these concepts suitable 
to its own need and knowledge (5). On the other hand, 
the Greek classification of matter as also of living species 
has long been superseded. The chemistry curriculum 
has always been based on a classification; the study of 
organic compounds has been segregated from inorganic 
chemistry, and these empirical subjects have been care- 
fully hedged off from the “theoretical” studies concern- 
ing their nature, physical chemistry. The resulting 
courses have very little logical connection with each 
other. Yet, it is generally agreed that much of the most 
fruitful contemporary research cuts across these com- 
partments. 

THE EARLHAM PLAN 

It is our intention then to divide the subject matter of 
chemistry into sections intended to deal successively 
with the various major concepts through which chemical 
phenomena are understood and interrelated. In this 
way each of the earlier courses will be limited to a small 
set of ideas but at the same time it can range over a con- 
siderable variety of descriptive chemistry. Central to 
the whole fabric of conceptual chemistry are two ideas: 
the chemical element and the chemical bond (6, 7). 
The perfecting of these inventions during the past fifty 
years has made possible the correlation of a wide variety 
of physical and chemical properties of substances and 
our course organization will necessarily be oriented to- 
ward these ideas. From chemical elements the path 
leads to atoms and atomic structure while chemical 
bonds are subdivided into the various bond types based 
on the behavior of electrons within atoms. These ideas 
give an understanding of the basis for affinities among 
the various chemical elements in the compounds which 
they form. 

Reactivities are modified by the effects of concentra- 
tion and the concept of dynamic chemical equilibrium 
will be introduced. The energy involved in chemical 
reaction is an important part of chemical change and 
needs to be discussed in its own right as well as in its 
provision of a way to a logical basis for describing equi- 
librium among substances. Further modification of the 
ideas about the bonds between atoms involves the intro- 
duction of aromaticity and resonance. 

Beyond these applications of ideas to the statics of 
chemistry, i.e., the consideration of the initial and final 
states of chemical systems, there are the transformation 
processes themselves. Here, with the addition of the 
time dimension, we are concerned with the making and 
breaking of bonds. Clearly the concept of reaction 
mechanism, and its foundation in reaction intermediates 
and in kinetics, needs to be in the undergraduate cur- 
riculum. For this a number of related ideas and experi- 


’ ments will have to be introduced to the student. One 


of the problems is, of course, the amount of detail which 
can be used effectively. 
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CURRICULUM OUTLINE 


Our plan then is to begin in the first semester of the 
college chemistry program with a consideration of the 
concept of the chemical element. Historical material 
will be given including some early attempts by Aristotle 
and others to treat properties as elements and the 
phlogiston hypothesis. Atomic structure will then be 
treated on the basis of weight composition in compounds, 
the electrical properties of gaseous discharge, radioac- 
tivity and other nuclear phenomena. Electronic ar- 
rangements within atoms will be discussed in terms of 
orbitals. The possibilities for various kinds of inter- 
atomic bonds will be listed and some of the correlation 
between bond type and physical properties will be dis- 
cussed. A considerable amount of descriptive material 
will be included taken from the experimental properties 
of the chemical elements. 

The next two semesters will deal with the covalent 
bond and with ions respectively. Longuet-Higgins (8) 
has recently pointed out the continuing validity of con- 
sidering most chemicals on the basis of these concepts. 
Léwdin (9) has re-emphasized the intrinsic difference 
between ionic and covalent bond formation. The cova- 
lent bond is possible only because of the indistinguisha- 
bility of electrons. Without this fact, the bond be- 
tween two hydrogen atoms would be quite unstable. 

Accordingly, in the second semester a more detailed 
consideration will be given to the features of those com- 
pounds which consist of atoms held together by covalent 
bonds. This will lead to a consideration of molecules 
with the gas laws introduced to give a physical basis for 
the molecular concept. Descriptive material for this 
part of the course will be confined to the chemistry of 
the elements near the center of the first period in the 
periodic table. Major but not exclusive attention will 
be given to what is ordinarily regarded as the chemistry 
of aliphatic carbon compounds. Some attention will be 
given during the first two semesters not only to the his- 
tory of science but also to discussion of the nature of 
scientific methods as they are applied to chemical 
phenomena and at least some allusions to the philo- 
sophical implications of the concepts that have proved 
fruitful in science. 

We believe these first two semesters can give a pre- 
liminary view of chemistry as a scientific enterprise in a 
way that should justify calling it a liberal arts course as 
well. At the same time much of the course content 
would differ strikingly from that taught in the usual 
high school, and we therefore hope to skirt the tendency 
for boredom on the part of students who come with good 
high school preparation. Furthermore the early intro- 
duction of organic chemistry will be of great value to 
biology majors and possibly to students planning careers 
in psychology and engineering. 

On this foundation of chemical elements, atomic 
structure, and the covalent bond we will then proceed in 
the third semester to construct the implications of ionic 
bonds and the properties of ions both simple and com- 
plex. A large part of this will hinge upon the properties 
of ions in solution, and so the properties of solutions and 
of ionic equilibria will be presented in some detail. It is 
anticipated that by this point the students will be ready 
for a considerable amount of quantitative treatment of 
concentrations and equilibrium constants. 

Still further treatment of ions and their reactions 
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leads to the consideration of oxidation-reduction reav- 
tions with particular reference to electrode reaction-. 
These topics will be taken up in the fourth semester an:| 
some of the logic of the energetics of chemical reactions 
considered. Through the treatment of electrode po- 
tentials we hope to develop a preliminary idea of the n:- 
ture of “Free Energy” and its implications for a sy-- 
tematic study of chemical equilibrium. It would see: 
unlikely that with our students it would be feasible t» 
give them any very complete treatment of the logic «f 
thermodynamics as early as the fourth semester of the r 
college work. 

An important aspect of the chemistry of systems in 
which atoms are bonded by the sharing of electrons ‘5 
organized around the topics of aromaticity and res)- 
nance. During the fifth semester of our program these 
topics will be dealt with in a systematic way. Thus 
the work of the second and the fifth semesters will con- 
tain much of the material which is ordinarily presented 
in a more conventional course of organic chemistry. 
We intend, however, to include atoms other than carbon 
in our discussions and to show that these ideas are 
powerful insights into the operations of chemical sys- 
tems whether called organic or inorganic. 

These five semesters should give a reasonable intro- 
duction to the science of chemistry; an introduction 
that ought to be satisfactory for the premedical student, 
the serious student of biology, and for those who expect 
to apply chemistry to other fields. Further work of a 
more advanced nature chemically is to be built on 
these foundation courses. This we propose to do in a 
way that will for the most part continue to cut across 
conventional subject-matter divisions. Among the 
topics which will be considered are those of stereochem- 
istry, reaction mechanisms, and the related topic of re- 
action kinetics. The work on chemical energy, begun 
in the fourth semester, will be brought into a more sys- 
tematic study of thermodynamics. 

Chemists are confronted with the fact that the chemi- 
cal literature is expanding at an ever-increasing rate. 
Fortunately this literature is organized in a remarkably 
effective way. In fact among all the intellectual and 
practical disciplines probably the most extensive and 
usable indexing and abstracting system is that applied 
to the literature of chemistry. It is our intention to 
place a good deal of responsibility upon the student to 
make use of the facilities of the library for acquiring the 
particular facts that he may need in his college work. 
Although our library is small in comparison with the 
bulk of the scientific literature, it is possible to make a 
wide variety of materials available to readers by vari- 
ous photographic procedures so that we should be able 
to secure almost any material the students may wish to 
refer to. We plan to make considerable use of micro- 
film, microcard, and interlibrary loan arrangements. 


LABORATORY WORK 

If classroom work is centered on the concepts of che:n- 
istry, it would seem reasonable to consider techniqies 
the focus for laboratory work. In addition, we 
lieve that students at the elementary level are mvre 
likely to be intrigued by laboratory work in which «ne 
of the results is the preparation of a recognizable prd- 
uct, in our case some chemical. If the product which 
they prepare can also give some esthetic satisfaction. it 
is even more stimulating. Therefore, during the first 
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semester of our new curriculum we plan to make con- 
siderable use of preparative experiments involving the 
chemical elements with the aim of acquainting the stu- 
dent with the various techniques for handling chemicals 
in the laboratory. These will include the techniques of 
ervstallization, distillation, fractional freezing, subli- 
m: tion, and others. Crystallization appears particu- 
larly useful since the growing of crystals can serve not 
on'y as a purification procedure but it can result in a 
be: utifully formed product which will appeal in its own 
rigit as a satisfying object. We will also expect to 
make use of some of the simpler tests for identification 
an! impurities including the use of the spectroscope. 

Preparative work will also be a major part of the sec- 
oni semester laboratory. Here we hope to begin the 
use of quantitative analytical work by introducing some 
experiments in volumetric analysis. The omission of 
qu: ntitative analysis from the list of courses given ear- 
lier is intentional and is based on the belief that it is far 
better to make analytical work a part of each course and 
emphasize thereby the importance of quantitative and 
qualitative analysis and the value of precision measure- 
ments for all parts of chemical work. This should not 
mein lower standards of proficiency to be expected of 
each student but rather a more reasonable motivation 
for the student to undergo the discipline of precision 
laboratory work. 


CONCLUSIONS 


We envisage, and have initiated in the fall of 1957, a 
chemistry curriculum which is divided into separate 
units determined by the particular concepts that are to 
be considered. These concepts will be illustrated by 
appropriate phenomena drawn from any of the tradi- 
tional branches of chemistry. In this way it is possible 
to give a quality of intellectual integrity to the study of 
chemistry that is difficult to achieve with the present 


artificial subdivisions which form the course work of the 
college curriculum. 

Certainly, however, it would be presumptuous to de- 
clare at this point that the proposed curriculum repre- 
sents a completely workable scheme. It will, for us, 
take several years to complete the change presented here 
and during that time we assume that experience will 
lead to modifications and, we hope, to improvements. 
We do not offer this proposal, therefore, as a plan to be 
simply copied by others but as a starting point for ex- 
ploration. The stature that chemistry has achieved is 
due to the ability of its practitioners to combine ideas 
with practical experiments. We believe that the same 
approach to our teaching activities can bear great fruits 
too. What we need is more research in chemical educa- 
tion. The results of well-conceived teaching experi- 
ments cannot help but lead us rapidly to more effective 
chemistry instruction. 
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THE TUFTS APPROACH’ 


CRITICISMS OF PRESENT CURRICULA 


For several years the Tufts Chemistry Department 
has been distressed by the fact that many promising 
students beginning the freshman chemistry course 
either did not perform as well as expected or actually 
beeame completely disenchanted with chemistry as 
taught at the college level. The department under- 
took a complete review of the curriculum. It soon 
bee:me apparent that there were a number of criti- 
tisn.s which could be leveled at the Tufts program and 
college curricula in general. 

(1) There appears to be much needless repetition in 
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the college general chemistry course of the material 
previously covered in the high school. It is sometimes 
argued that, since the material given in the general 
chemistry course in college is at a higher level of so- 
phistication than that given in high school, the student 
really is being exposed to considerably more chemistry. 
Although the college teacher realizes the level of in- 
struction is higher, very often the student does not 
realize this until he is hopelessly behind in the 
course. 

(2) This repetition between high school and college 
is followed by needless repetition in the various college 
chemistry courses. The modern general chemistry 
course has become essentially elementary physical 
chemistry. Many of these concepts are repeated in a 
course in quantitative analysis and finally given in 
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more rigorous form in the regular physical chemistry 
course. One wonders if this repetition is defensible 
in view of our modern educational needs. 

(3) College curricula contain too much analytical 
work. Very often the student spends considerable 
time carrying out specific analytical procedures which 
will not be used in the future and which will not con- 
tribute greatly to his understanding of analytical 
techniques and procedures. 

(4) The usual college curriculum contains relatively 
little inorganic chemistry. It has become painfully 
clear since World War II that inorganic chemistry is 
extremely important. At the same time very few 
inorganic chemists are being trained. 

(5) A major criticism of the American university 
educational system is that the student tends to learn 
his information in small boxes which are labeled by 
course numbers. He soon learns that after passing a 
course in analytical chemistry, he can very nearly for- 
get most of the material because he will not be called 
upon in his undergraduate career to use or reproduce 
this material in detail. The student thus studies 
“organic” or “physical” rather than the total science 
of chemistry. 

(6) The problem of what to do with a student of 
advanced training from high school is a troublesome 
one. One very convenient solution to this problem is 
to offer several freshman chemistry courses which are 
of varying difficulty. The well-prepared student can 
be accelerated in this manner. Another approach to 
this problem is the one which has been adopted by 
Brown University, that is, to give a sufficiently different 
course in the freshman year such that no student feels 
he is repeating work he has had before. 

(7) Many science curricula have one or more service 
courses appended to them. One finds general chemis- 
try for nonchemical engineers, or physical chemistry 
for premedical students. Since there really is only 
one science of chemistry, one wonders if courses delib- 
erately slanted in a given direction perform a useful 
purpose.” More often than not they give the students 
subjected to them a completely false idea of what 
chemistry is and little ability to use chemistry in 
new situations. An additional reason for dispensing 
with these service courses is the lack of manpower to 
handle multiple offerings. 

To see if the above opinions were shared by the 
students, the undergraduate chemical society was 
asked to poll the present students in the department 
from freshmen through graduate students on the above 
questions and any other aspect of chemical education 
or student-staff relationship the society wished to in- 
clude. At the same time a brief questionnaire was 
sent to chemistry department majors who had grad- 
uated within the last ten years. In general it was 
found that the student opinion coincided rather closely 
with the opinion held by the faculty. 

Most of the freshmen did not feel they were bored 
by the conventional general chemistry course in 
college nor that material was being repeated. How- 
ever, when the present seniors were asked about the 


2 For further data summarizing opinions on this question, 
readers are urged to refer to the paper presented by Jack Van- 
derryn as part of this Symposium (to appear in THIS JOURNAL in 
May, 1958). 
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freshman course, they admitted they remembered 
nothing from the course and had the feeling that ;|] 
the material had been covered at least twice since thea, 
Many of the conventional organic laboratory experi- 
ments were criticized by our junior and senior students 
as being mere “potboiling.” However, it was suggest:-d 


that the beginning student might well find these e<- 
periments fascinating. 

The staff felt rather strongly that our present pre- 
medical students, who make up a considerable frsc- 
tion of our enrollees, were not getting sufficient train- 
This opinion is shared »y 


ing in physical chemistry. 
many medical schools. 

University Requirements. As is usual in a liberal 
arts college, the university requires certain general 
foundation credits of all students. At Tufts, the 
following requirements are in effect: 


English. 6 credits in English composition or in English litera- 
ture according to needs. Foreign language. 6 credits above the 
elementary level or a satisfactory reading. knowledge of one of 
these languages as determined by examination. Literature. 6 
credits in one department. (Social studies. 6 credits in one 
department. Sci and mathematics. 6 credits in one de- 
partment. 

In the student’s department of concentration he must take at 
least 36 credits but not more than 50. 


For many years at Tufts there has been a special 
degree leading to the Bachelor of Science in Chemistry 
which did not come under the general requirements of 
the College of Liberal Arts. Thus, a student by 
taking this special degree in chemistry could obtain 
considerably more training in the sciences and mathe- 
matics than would be possible under the simple B.A. 
program with a major in chemistry. The department 
felt that although the special degree of Bachelor of 
Science in Chemistry had served well in the past, the 
changing educational picture now dictated a more 
liberal approach to course electives. Therefore it 
was suggested that this special degree be dropped and 
all chemistry majors be bound by the distribution 
requirements of the College of Liberal Arts. 


CHEMISTRY CURRICULUM 


First Year. With the above degree requirements in 
mind and the impression that the Brown program 
had been quite successful, the department eventually 
evolved a program that has some similarity to the 
Brown approach. The first course in chemistry for 
all those students whose professional interest dictates 
some familiarity with the subject contains about an 
equal amount of inorganic and organic subject matter. 
No attempt is made to make this general chemistry. 
This is the first example of the department’s policy 
to attempt to lead a student deeply into a narrow asject 
of the field rather than to give a series of omnibus 
courses. All beginning students, whether they have 
had high school chemistry or not, register for ‘his 
course. The uneven preparation of the student~ is 
compensated for by using some of the early labora‘ ory 
periods as drill sessions to acquaint those who | ve 
had no previous high school chemistry with non en- 
clature, the elementary facts of atomic theory, ‘or- 
mula and equation writing, and other simple opera‘ ons 
of chemistry. 

When this has been accomplished, a start is mace i0 
elementary aliphatic chemistry and continued thr: ugh 
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YUCATION 


unsaturated compounds with some time spent on the 
exumination of petroleum and polyene and vinyl 
plastics. Alcohols and ethers are then considered 
along with reactions of water including hydrolysis 
an] acids and bases. The chemistry of H.S, including 
mercaptans and disulfides, is then investigated. Some 
consideration is given to the ammonia system of 
chemistry, including reactions in liquid ammonia to 
indicate to the student that water is not the only 
solvent in the universe. Some nonmathematical 
aspects of equilibrium are introduced in the commer- 
cia' synthesis of ammonia and nitric acid. The concept 
of oxidation-reduction is introduced, which leads to a 
discussion of aldehydes, ketones, and organic acids. 
Sulfur chemistry is revisited in the form of some of 
its oxides and sulfuric acid. This leads to a discussion 
of «sters with the attendant elaboration of equilibrium 
concepts and some discussion of weak acids and pH. 
The last few lectures of the course are intended to in- 
dicite the behavior of some typical metals and some 
properties of metallic bonds. This course is consciously 
made nonmathematical. 

Second Year. The beginning mathematics course 
now gives some work in integral and differential cal- 
culus which enables our second course in chemistry 
to be beginning physical chemistry in which calculus 
is used with no apology. 

Third Year. The junior year is taken up with a 
full course of inorganic chemistry which has the phys- 
ical chemistry course as a prerequisite and is based 
heavily on the experimental approach to molecular 
structure. At the same time the students in the fall 
term take a course in organic chemistry which begins 
where the freshman course left off and includes topics 
in stereochemistry, the reactions of polyfunctional 
compounds and the behavior of aromatic systems. 
This course coincides rather closely with the second 
semester of a standard course in organic chemistry. 
In the spring term the students take a one-semester 
course in analysis which includes both volumetric 
and gravimetric methods. No attempt is made to 
teach the students specific analytical schemes, but to 
acquaint them with the use of an analytical balance 
and various volumetric equipment. 

Electives. A concentration in chemistry is rounded 
out with the election of at least three semesters of 
work on the senior-graduate level. The original in- 
tention was to initiate a comprehensive examination 


at the end of the senior year for all chemistry concen- 
trators. This would give an impetus to study all 
aspects of the science thoughout the college career. 
This request was tabled by the faculty at large while 
a university-wide study of the desirability of the com- 
prehensive examination is under way. 

In addition to the chemistry course indicated, the 
students are required to take two years of mathematics 
and three semesters of physics, in addition to a foreign 
language, preferably German or Russian. 

The above program cuts down considerably on the 
number of required courses over what was included 
in the special degree of Bachelor of Science in Chemis- 
try. However, by diminishing repetitive work and 
regrouping much of the material, it is believed that 
more course content is included in the new program 
than was present in the old. The new program gives 
considerable freedom for electives in other fields, but 
also requires the student to take some advanced courses 
in chemistry. 


PREMEDICAL PROGRAM 


Tufts University has a special field of concentration 
(chemistry-biology major) which students with medical 
intentions can take. Under this program with the new 
curriculum the premedical student takes one year of 
elementary mathematics which now includes the cal- 
culus, one year of elementary physics, the freshman 
chemistry course, the first semester of the elementary 
physical chemistry course which includes work in 
thermodynamics, the one semester course in analysis 
and one semester in organic chemistry. Thus he is 
required to take two and a half courses in the chemistry 
department. We feel rather strongly that requiring 
the chemistry-biology major to take the first semester 
of the regular physical chemistry course will be much 
more useful to him than the previously elective one- 
semester course in physical chemistry for premedical 
students. 


CONCLUSIONS 


Since this program just started in the fall of 1957, 
only limited experience has been obtained with the 
freshman course. Obviously it is much too early to 
tell just how successful the program will be. The 
staff members are very enthusiastic about the pro- 
gram and we have every reason to expect that some 
of this enthusiasm can be transmitted to the students. 


“. . . and children have lost or do not learn for 
want of time, the sciences that should become our 


country ....”’ 


Readers who know the source of this quotation need go no further. Those who only think 
they know its author should turn to page 208 and be reassured. 
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THE BROWN EXPERIMENT IN CHEMICAL 
EDUCATION 


Ix 1948 the Department of Chemistry at Brown Uni- 
versity started an experimental program for the degree 
of Bachelor of Science in Chemistry. Since the content 
has been previously described,? only changes and an 
assay of the results of the experiment will be described 
here. 

Brown University has a four-course program but the 
B.S. degree in chemistry in 1948 required 34 courses for 
graduation instead of 32. Five courses were usually 
taken in the freshman year. This has been changed as 
a degree requirement to fall in line with the rest of the 
college and the four courses now taken in the first year 
are chemistry, mathematics, physics, and English (or 
an elective, if exempted). A change of more significant 
character was made in the fourth semester of the cur- 
riculum.? In 1954, it was decided that two chemistry 
courses, mathematics (usually partial differential equa- 
tions), and a fourth course (usually German) were a 
work load too heavy for students, in comparison with 
other semesters. Consequently, ‘Fundamentals of 
Chemistry V” (principally inorganic) was moved for- 
ward to semester V with an accompanying delay in the 
required year of analytical chemistry to semesters VI 
and VII. This has obvious undesirable consequences, 
especially with respect to senior research, but neverthe- 
less, was found to be the wiser path. 

In 1955 the B.S. curriculum was opened to B.A. stu- 
dents concentrating in chemistry. The next year this 
was formally made the standard path for concentrators 
and opened to premedical students who could meet the 
mathematics requirement. The first year course was 
also opened to students in the pre-nursing curriculum 
on the grounds that it was a better preparation for them 
than general chemistry and qualitative analysis. 

We have not accomplished miracles by the change 
from the standard curriculum but we think we now ar- 
rive in five semesters at a point roughly equivalent to 
six standard courses. This has been done by expressing 
some faith in the high school chemistry course, by omit- 
ting some descriptive inorganic chemistry and the sys- 
tematic scheme of analysis, and by taking advantage of 
the initial enthusiasm for the first course since it differs 
sharply from the student’s high school course. 

Last year we endeavored to find out whether or not 
our curriculum was successful. There seems to be no 
objective way to do this. Even though we ran parallel 


1 Presented as a part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemi- 
cal Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 

Corzs, J. 8., L. B. Cuapp, R. P. J. Epuc., 
26, 10 (1949). 
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curricula during the first eight years, one could not be 
sure that the experimental students were of ability eq: al 
to those in the standard curriculum. A questionna.re 
was sent to 153 of our graduates over the eight years, 
1948-56, which included students subject to the new 
curriculum from 1952 to 1956. 

The students of 1952-56 themselves recognized ihe 
meaty content of the first course in college; there were 
many complaints from students of 1948-52 that the 
general chemistry course had been a waste of time, es- 
pecially in the laboratory. Let me emphasize one 
thing that has been imprinted on my mind by our ex- 
perience. It is not enough for the instructor to say that 
he is giving a course different from the high school 
course. The student himself must recognize it and 
must recognize it the first week. When the course is 
built around the covalent bond the student at once sees 
that the course is different from high school chemistry 
and he starts to work. This is psychologically good and 
is the prime reason for a low fatality rate in the first 
year. 

The statements that follow are also conclusions from 
the questionnaire and comments gathered in 1956 from 
former students. 

Brown graduates felt they were better prepared in or- 
ganic chemistry than their contemporaries. We 
thought this might not be so in view of the nature of our 
first year course. Their superior knowledge in this field 
is probably due to the fact that most of our students 
take “Identification of Organic Compounds” and many 
take one more course in organic chemistry. 

Mastery of analytical chemistry has been steady over 
the eight years probably because we have had the sume 
person heading this instruction. 

The knowledge of instruments has improved in the 
years 1952-56. This may be due to an improvement in 
the physical chemistry laboratory instruction or to the 
fact that all of our students now take a course in instru- 
mental methods of analysis or both. 

About the same percentage of our graduates failed 
qualifying examinations in graduate school in 1952-56 
as had in 1948-52. Three of these were in qualitative 
analysis. One might conclude that we ought to re‘ urn 
to teaching the systematic scheme of analysis agail. 
Perhaps an equally valid conclusion is that these g:ad- 
uate schools are no longer asking proper question. of 
our students. 

Perhaps the testimony most convincing to an »ut- 
sider is that we are continuing the curriculum with on- 
fidence that we are on a right path and have ma e it 
available to B.A.’s concentrating in chemistry, pre: .ed- 
ical students, and others. 
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Ix rHe autumn of 1953, revision of the introductory 
course in chemistry was considered at the University of 
Minnesota. Early in discussions relating to the general 
manner of presentation, it became evident that a 
sinzle course could not be considered per se but that in 
a good curriculum the entire group of courses taken by 
an undergraduate major in chemistry were interdepend- 
ent. Thus the over-all curriculum, but particularly the 
courses in chemistry, came under scrutiny for possible 
revision. 

There were at that time some compelling reasons for 
considering curriculum revision: decreasing numbers of 
majors, a unique (at least, for the United States) five- 
year program in the Institute of Technology (I.T.) and 
the fact that most of our better students were majoring 
in chemistry while enrolled in the Arts College (a four- 
year program) rather than taking what we considered 
our professional program in I.T. 

This was, then, our problem. To meet the problem 
a committee was appointed and subsequently evolved 
a number of principles, and finally proposed a four- 
year program which appears in the table: 

This program, in effect since the fall of 1956, includes 
remarkably few new courses in chemistry and does not 
represent any really radical ideas. Rather, the strong 
| divisional organization of our department and a 
skepticism in the reorganization and relocation of 
courses for the mere sake of change precluded any ex- 
treme alteration at the present time. 


PRINCIPLES UNDERLYING CURRICULUM REVISION 


The first course should be a course in chemical prin- 
ciples with descriptive chemistry serving only to illus- 
trate these concepts. If organic compounds serve 
better as examples than inorganic compounds, sc be it. 

The student in his second year should have his interest 
in chemistry held by a “glamour” course. Organic 
chemistry is far superior to chemical analysis and was 
our choice. Physical chemistry is out of the question 
at this point: the student’s preparation in mathematics 
is inadequate and, in our program, the student has just 
completed a course in principles. 

Inorganic chemistry should not be given until the 
thir! or fourth year (preferably the latter). By this time 
the student will have had courses in the other fields of 
chemistry, and inorganic chemistry may be taught ona 
higher level and with far more fruitful results. Our 
students take two one-quarter lecture courses: ‘Atomic 
Structure and the Periodic Table,” and “More Repre- 


‘Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
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sentative Elements’’—i.e., main group elements—and a 
one-quarter laboratory course which includes kinetic and 
equilibrium measurements, syntheses, and vacuum line 
manipulations. 

Acquaintance with modern instrumental methods 
is desirable for a major in chemistry. A lecture course 
and laboratory course in analytical chemistry covering 
these topics are included in the senior year. 

Opportunity for research by an undergraduate should 
be available. A senior with a B average or better can 
carry out a research problem under the direction of a 
staff member in any field of chemistry. Customarily a 
student is expected to attend one of our divisional 
seminars in his senior year, in order to acquaint him 
with some of the current research topics and advances 
in his chosen field of chemistry. 

Both scientific (outside the fields of chemistry) and 
non-scientific elective credits should be required and 
their use should be supervised closely by a chemistry 
staff member in consultation with the student. 

Our new program includes 24 quarter credits in elec- 


Outline of Minnesota Curriculum for Chemistry Majors 


Credits 
Title (quarter basis) 
First Year 
General Chemistry & 
College Algebra and Trigonometry I; College 
Algebra and Trigonometry II; Analytic 
Geometry 5 5 5 
English Composition and Literature (Rec.) § § §& 
or 
English Composition 3 3 3 
Engineering Drawing 2 2 
Second Year 
Elementary Organic Chemistry 
Elementary Organic Chemistry Lab. 3 
Calculus, Differential and Integral 5 65 
Differential Equations 3or5 
Third Year 
Quantitative Analysis 5 65 


Organic Qual. Analysis 4 
Physical Chemistry 4 
Atomic Structure, Periodic Table, and Chem- 

istry of the more familiar Elements 3 3 
Chemical German 3 


Fourth Year 


Physical Chemistry Lab. 2 2 
Senior Thesis 3 3 3 
Advanced Inorganic Chemistry Lab. 2 
Instrumental Methods 3 


Electrometric Methods 
Lab. for Instrumental and Electrometric 
Methods 1 


Norte: The distribution of elective credits will vary and is, 
therefore, not included above. In order to satisfy the total 
credit requirements of the program the student must, however, 
average 17 credits per quarter. 
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tive subjects in scientific fields and 36 in non-scientific 
fields. The latter are sufficient to provide a strong 
minor in a cultural field, if this is the student’s desire, or 
a sampling in the humanities, social sciences, etc. 

The scientific elective credits do not include a 
mathematics sequence (through ordinary differential 
equations) nor a one-year physics course. Use of these 
credits can give the student a very strong minor in 
either physics or mathematics or in biochemistry, 
bacteriology, chemical engineering, botany, zoology. 


The key to the success of our new program lies in the 
interest and skill of advisers in the department of 
chemistry (virtually all staff members serve as advis«-rs 
of undergraduates) in giving counsel about the progrsm 
and possible future careers. Such interest and guidar :e 
doubtless psychologically reinforce the student, for i¢ 
is one among many in a great university, but in a 
curriculum with great freedom of choice it is imperative 
for the wise use of a student’s time and energy in p e- 
paring for a fruitful career. 


CHEMISTRY AT HARVEY MUDD COLLEGE’ 


Ir 1s difficult to hew honestly to the title of this 
symposium. Few ideas are really new. Curricular 
ideas—wild, visionary, sound, farsighted, good, and 
bad—have been discussed at length in faculty meetings 
and out, and even before symposia of this Division. 
Yet faculty are always hopeful for their mental progeny, 
and the chairman of the symposium has had to decline 
papers because of the number of ‘“‘new ideas”’ proffered 
for inclusion. 

Harvey Mudd College is most succinctly described as a 
small (350 students), private, liberal arts college with 
only four majors, all in the physical sciences. These 
are engineering, mathematics, physics, and chemistry. 
The college is the fifth member of the Associated 
Colleges at Claremont. 

Each student will spend about one third of his aca- 
demic work in the humanities and social studies, one 
third in basic courses in mathematics, physics, and chem- 
istry, and one third in specialized work related to his 
major field. A majority of the students will probably 
concentrate in engineering where the offerings will be 
primarily in the fields of mechanical, electrical, and 
chemical engineering. It is presumed that most of the 
students will continue their professional studies in 
graduate work. 

During the first two years each student will take two 
years of humanities, two years of mathematics, two 
years of physics, and two years of chemistry. Each 
will also take a year of mechanical drawing, a year of 
social science, and two years of physical education. 
The emphasis in the humanities will be on ideas 
and their communication. The emphasis in the sciences 
will be on fundamental observations and their interpre- 
tation in terms of generalizations. Most entering 
students will have had a year of high school physics, a 
year of high school chemistry, and four years of high 
school mathematics. The first year of mathematics will 
include an introduction to the calculus. 


1 Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 
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About 40 per cent of the work in the junior and senior 
years will be devoted to the humanities. The rest will 
be spent in work closely related to the major specializa- 
tion of the student. 


BASES FOR PLANNING 


Chemistry is sometimes defined as the collecting of 
facts and the arranging of these facts into an order. 
However, the final chemical order and one’s ability to 
describe and remember it depend very largely on the in- 
sight and originality used in establishing the order. 
The same collection of “facts” can be arranged in many 
ways, but some ways will be far more appealing to one 
wishing to use the collection than will others. 

Our general thesis presumes: 

(1) That scientific knowledge is based on experimenta- 
tion. Hence we shall spend four to six hours per week 
on laboratory experiments and carry on extensive 
lecture experimentation in each course. 

(2) That experiments should involve the discovery of 
knowledge new to the observer and not readily pre- 
dicted by him. Hence we shall make wide use of un- 
knowns and insist as much as is feasible that each 
student work out his own method of attack on the un- 
known. 

(3) That isolated knowledge is of limited usefulness. 
Hence we shall investigate alternative theoretical i:‘er- 
pretations and correlations of the experimentally «is- 
covered facts. About half of the available time out-ide 
the laboratory will be spent in full class sessions and 
about half in small group conferences. 

(4) That the establishment of a theoretical frame. ork 
allows a very rapid and effective assimilation of fur her 
facts into a useful whole. Hence the detailed chem try 
of the elements and compounds will be investig::ted 
after the general theoretical tools for their corre]: ‘ion 
have been developed. 

(5) That a job well done the first time minin izes 
future problems. Hence we shall attempt to use ‘rst 
class experimental methods starting in the begir \ing 
course. 
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THE CHEMISTRY CURRICULUM 


First Year. We shall start, therefore, with a general 
chemistry course based heavily on laboratory and class- 
room experimentation (not demonstration of known 
ideas). Examples will be drawn from both inorganic 
and organic chemicals and their reactions. The first 
serester will concentrate on interpretations and correla- 
tions based on structural ideas—nuclear, electronic, 
molecular, and crystalline—with an introduction to the 
nature of dynamic equilibria. The second semester will 
concentrate on the ideas of dynamic chemical equilibria 
and their qualitative and simple quantitative treat- 
ment. During this first year each student will be de- 
veloping his mathematical ability in the calculus and 
his understanding of physics in mechanics, heat, and 
sound. 

Second Year. This course in chemistry will be an 
intensive treatment of physical chemistry with em- 
phasis on thermodynamics and kinetics. We are dis- 
cussing the possibility of introducing thermodynamics 
from a statistical point of view in terms of simple atomic 
and molecular energy levels rather than using the clas- 
sical approach in terms of gross properties of matter. 

In both years, practical simple examples related to 
current research and engineering practice will be in- 
troduced. 

These two courses will be taken by all students and 
will serve as background for all further work in en- 
gineering, physics, and mathematics, as well as an 
introduction to further work in chemistry. 

All upper division courses will, of course, be available 
toany qualified student in Harvey Mudd College or any 
other of the four colleges. But they will largely be 
populated by our own majors planning professional work 
inchemistry. Three full-year courses will be given for 
these juniors and seniors, plus at least three one- 
semester courses. 

Third Year. A chemistry major will take two courses 
running through the full year. One will be organic, 
and the other, inorganic reactions and mechanisms. 
Each will be able to build on the structural, thermo- 
dynamic, and kinetic foundation of the first two years. 
They will treat the detailed chemistry of the elements 
and their compounds and will have a more complete 
theoretical basis of correlations and interpretations 
than is common at this stage. 

Fourth Year. The heart of the work in the final year 
will be an individual, laboratory, research-type problem 
for cach student. The preceding four courses should 
have provided the basic knowledge and techniques to 
enable a student to attack intelligently problems in any 
of the simpler fields of chemistry. 

We also plan to offer one-semester courses during the 
senior year in advanced analytical, organic, and physical 
chemistry. Presumably no student would take more 
than two of these. A biweekly seminar will also be 
giver without credit, but attendance and participation 
of all majors will be expected. 


EMPHASIS ON EXPERIMENTATION: ANALYTICAL 
CHEMISTRY 


_ The question of the whereabouts of analytical chem- 
istry in this scheme has no doubt occurred to many since 
the only course mentioning this field is the advanced 
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one. How can it be advanced if there is no elementary 
introduction? 

It seems to us that one of the difficulties in most 
curricula stems from the “almost” introduction of 
analytical chemistry into the freshman year. But the 
accent is too strong on the “almost.” It is our plan to 
distribute the material ordinarily covered in the elemen- 
tary analytical course among the four year courses 
outlined briefly above. About half of the experiments 
in the first year will be analytical, perhaps equally 
divided between quantitative and qualitative. Similar 
emphasis on accurate analytical procedures will be 
found in all courses. 

Furthermore, it is planned that the quantitative 
experiments used in the first year course will be essen- 
tially complete from the standpoint of analytical chem- 
istry. All weighings will be done on analytical balances. 
Au increasing degree of accuracy will be required as the 
year progresses. Work with primary standards and 
precise volumetric analysis will be included. The ad- 
vanced course will then build on the elementary theory 
and techniques which have been learned in the first 
three years. 

I want to emphasize again the importance we attach 
to laboratory experimentation and to small conference 
sessions in all courses. Our plan is to include at least 
four hours a week of laboratory in every full year course, 
and at least one conference hour for small groups of 
students each week. 

Laboratory time will be spent on experiments whose 
results cannot be predicted with certainty by the stu- 
dent. There will often be experiments which are 
“ahead”’ of the lectures, and will present the student 
with situations calling for some originality in approach. 

For instance, we have begun the first year with the 
following experiment: 


Each student is presented with three solutions labeled A, 
B, and C and identified only as “reagents.’”’ He also has 
available four or five solutions identified as “knowns.’’ He is 
directed to use only the reagent solutions in discovering a 
method of unambiguously identifying each of the knowns. He 
is then asked what possible interferences might occur were a 
solution to be made up containing two or three of the knowns, 
assuming they did not react with one another. He is then 
given a final solution, an “unknown,”’ and asked to analyze it, 
using only his three reagents. 


We find that this is feasible as an experiment and that 
it is closer to chemistry and freer of complicating 
abstractions than is identifying the various solutions in 
terms of chemical symbolism. Symbolism is not the 
basis of chemistry; substances and their actual inter- 
actions are. 

The most obvious new things about our four-year 
curriculum are the introduction into the second year of a 
full-scale physical chemistry course based on statistical 
thermodynamics and the redistribution of the classical 
analytical course among four others. Our own feeling 
is that our chances of success are based not so much 
on these reshufflings of content as on the likelihood that 
we can capitalize on and preserve a venturesome atti- 
tude among student and staff. To this end we hope 
continually to attempt challenging experiments which 
are difficult, not because they are tedious, but because 
they require intellectual effort and insight for successful 
completion. 
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CURRICULUM IN CHEMISTRY AT THE 
PENNSYLVANIA STATE UNIVERSITY’ 


A xew curriculum for the professional training of 
chemistry students at The Pennsylvania State Univer- 
sity was instituted with the fall semester of 1956. The 
program adopted resulted from a study by the depart- 
ment faculty which extended over a two and one-half 
year period. 

Initially the study was directed toward obtaining 
information about chemistry curricula at other institu- 
tions and to gathering the opinions of interested persons 
on the curriculum at this university at the time the 
study was begun. The studies made were as follows: 


(1) The chemistry curricula at 20 other institutions were 
examined. Among the institutions selected were land-grant 
colleges and universities and outstanding private institutions, 
including smaller colleges with reputations for excellence in schol- 
arship. 

(2) The views of others on the chemistry curriculum were 
obtained by questionnaires submitted to the groups listed below. 

(a) The graduates of the chemistry curriculum of this 
institution during the period 1943-1952. 

(b) The members of the graduating class of 1953 in this cur- 
riculum. 

(c) A representative group of chemistry teachers at other 
institutions and executives in the chemical industry, each one of 
whom was known personally to at least one member of the com- 
mittee. 

(d) The department faculty. 


The questionnaires used for the four groups were not 
identical, but one of the features consisted of a listing of 
the courses required and the electives provided in the 
then current curriculum. The percentage of the stu- 
dent’s time represented by each of these was indicated 
and provision was made for an evaluation of each of the 
items listed in terms of three categories; too much, too 
little, and about right. In addition, general statements 
or opinions were requested and this resulted in comments 
which were indeed revealing and helpful. This was 
particularly true in the replies received from the pro- 
fessional and industrial group where the persons queried 
occupied positions which had given them opportunity 
to observe the strengths and weaknesses in the training 
of individuals from many different institutions. 

The study of the curricula of other institutions indi- 
cated a considerable variation in the intensity of the 
technical programs, in the opportunities for electives, 
and in the emphasis on general education. However, 
insofar as the minimum requirements were concerned, 


! Presented as a part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 
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the recommendations of the professional training c.m- 
mittee of the American Chemical Society were followed 
in general. This study was not made in the hope of 
finding already in existence a program which could be 
adopted in its entirety by Pennsylvania State Univer- 
sity, but rather to ascertain in a general way the amount 
of effort given over to professional versus general educa- 
tion and to make sure that good features which others 
had incorporated would be considered in formulating 
our own program. 

Insofar as the questionnaire surveys are conceried, 
it seems hardly necessary for the purposes of this report 
to make a detailed analysis of the replies. However, 
some comments may be in order. 

Perhaps the most striking observation to be made is 
that despite the wide differences in the background and 
the experience of the four groups surveyed, there was 
uniformity of opinion expressed on a number of items. 
In summary, there was agreement that the curriculum 
would be improved by reducing the number of specified 
courses and increasing the number of electives. 

In the survey of industrial research executives and 
chemistry professors, replies were received from about 
90% of those contacted. There were 39 replies from 
the industrial group and 23 from the university group. 
In the replies to most of the items the agreement be- 
tween the industrial and university groups was sur- 
prisingly good. There were, however, some points 
upon which there was a real difference. One of these was 
in the requirement of nine credits of German. Here the 
university group indicated the following: 22% thought 
the required German to be too much, 13% too little, 
and 43% that it was about right. However, in contrast, 
the industrial group gave replies in which 41% indicated 
this was too much, no one thought it was too little, and 
again 44% thought it was about right. Replies on a 
three-credit course in business law indicated that oi the 
university group, 43% thought the effort here wax too 
much, none too little, and 30% that this was about 
right. The industrial group reported 28% thinking it 
was too much and 62% about right. Insofar as gen- 
eral electives were concerned, 65% of the university 
group felt that the percentage of effort allotted wa~ too 
little and only 13% thought it was about right. No 
one thought it was too much. On the other han, of 
the industrial group, only 36% thought the tim: de- 
voted to general electives too little and 54% thought 
it was about right. Many of the persons fron. the 
industrial and university groups supplemented heir 
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questionnaires with comments on individual points. 
As might have been anticipated, a number of these were 
co:.cerned with the matter of competence in written and 
oral communication. 

jn general, the comments of the alumni surveyed 
indicated that they had found their curriculum funda- 
me tally sound in preparing them for the type of work 
in which they had entered. 


THE REVISED CURRICULUM 


‘The new plan provides a good foundation in both the 
facts and principles of chemistry. Mathematics and 
physics are emphasized since these subjects are essen- 
tial to the understanding of chemistry. Courses in 
English and a foreign language, and an area elective 
pla, insure study in non-technical subjects. This 
arrangement broadens the student’s general education 
and enables him to relate his profession to other fields 
of knowledge. In order to meet varied educational 
objectives, two optional plans are offered. These are 
substantially identical for the first two years and the 
student may declare his option at any time during this 
period. 


Option A provides a more intensive training in the major 
divisions of chemistry and their applications. In the senior 
year the student conducts research leading to a thesis. This 
option is designed to fill the needs of the following students: 

(1) Those who plan to supplement the bachelor’s degree 
with graduate training. 

(2) Those who plan to complete their formal education 
with the bachelor’s degree and obtain positions requiring an 
intensive training in chemistry. Such positions are available 
in industrial, governmental, institutional, and consulting labo- 
ratories, and in the fields of chemical manufacturing and petro- 
leum refining. 


Option B provides a background in basic chemistry and, 
through a program of secondary concentration, permits the 
pursuit of interests in a field other than chemistry. It is 
intended for the following students: 

(1) Those who wish to prepare for positions which require 
a chemical background supplemented by additional specialized 
training. Such positions are available in technical sales, scien- 
tific writing and reporting, technical library work, chemical 
patents, scientific crime detection, and in other fields. 

(2) Those who wish to acquire a liberal education with a 
major in chemistry. 


A study of the table shows that there has been a 
reduction in required courses in specialized topics 
without a reduction in the time allotted to courses which 
are fundamental in character. In addition, the speci- 
fication of certain technical subjects has been replaced 
by a technical elective program. Along the same line, 
the program in general education is now less restrictive 
than formerly. In addition, the total effort devoted to 
work in general education is expected to be somewhat 
greater, 

The elimination of the specific requirement of six 
credits of English beyond the six credits of English 
composition in the first year, required of all students at 
this university, was arrived at only after a very care- 
ful review of the whole matter of training in English. 
The consensus finally reached was that it will be better 
if the student and his adviser work out a program of 
cours’s to meet the individual student’s needs in this 
field :ather than to have uniform requirements. In 
addition, it is intended that throughout the program of 
chem-try courses the faculty will give attention to oral 
and written presentation of topics and thereby 
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’ mer curriculum in the timing of certain courses. 


strengthen the training of our students in oral and writ- 
ten communication. Finally, the introduction of a semi- 
nar in the eighth semester will provide an additional op- 
portunity for formal reports, both oral and written. It 
is hoped that by these several devices our graduates will 
achieve reasonable competence in the use of English. 

Since the two options are essentially identical for the 
first four semesters, it is anticipated that most students 
will take the courses corresponding to the Option A 
program through the first two years. At this time they 
will make a decision as to whether they will stay in this 
option or elect to take their degree in the B option. It 
is our belief that the larger share of our students will 
stay in the A option throughout their four years. How- 
ever, we are confident that there will be a number of 
students with well-developed interests in a second field 
who will take advantage of the provisions in the B 
option for attaining a very considerable amount of 
training in this field in addition to their study in chem- 
istry and their program in general education. Our new 
curriculum has not been in operation for a sufficiently 
long time to see what use will be made of the B option 
features. Considerable interest was expressed in its 
possibilities by a number of the students who entered 
our curriculum in the fall and it seems certain that it 
will meet the needs of some more effectively than can 
be done with other curricula on this campus. 


Distribution of Academic Credits (Semester Basis) in 


Chemistry Curricula 
Former A Option B Option 

Chemistry 57 53 36 
Mathematics 16 16 16 
Physics 12 10 10 
Chemical engineering 5 3¢ 0 
Technical 4 12° 6° 
Physical science 1 1 1 
English 12 6 6 
German 9 6 64 
Humanities and social science 6 24° 24° 
Electives 13/ we 

Tora. 135 131 132 

@ Electives. 


+ Elective, but must include 6 credits of advanced courses in 
chemistry, biochemistry, chemical engineering, or physics. 

¢ Chemistry electives. 

4 German recommended but another language will be accepted. 

¢ Electives, but must include no less than nine credits in each 


field. 
f ay uired approval of department head; typically students 
chose about 50% of credits in chemistry. 

* At least 15 credits in a single area of concentration other than 
chemistry. 

In addition to the academic credits listed, all students have 4 
credits of “Physical Education and Health,’’ and all male students 
have 6 credits of R.O.T.C. 


The new program differs significantly from the for- 
The 
student now starts organic chemistry in his fourth 
semester where formerly he had a second term of ana- 
lytical chemistry. The second course in analytical 
chemistry has been pushed back to the seventh se- 
mester. The latter move was made so that the student 
would have the necessary background in physical 
chemistry to understand modern analytical chemistry. 
It is felt that the earlier introduction to organic chemis- 
try will help maintain the student’s interest which 
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flagged for some in the former long stretch of analytical 
chemistry. The program in general education, al- 
though expanded, continues to be distributed through 
the four years. The nature of the distribution reflects 
our belief that students will receive more benefit from 
such courses as they mature and that an early concen- 


tration in mathematics and science is essential, both to 
hold the student’s interest in chemistry, and to meet 
prerequisites for advanced level courses. 

Details of the sequence of courses are available in 7 he 
Pennsylvania State University catalogue or will be 
furnished to interested readers by the authors. 


THE M.LT. PLAN FOR UNDERGRADUATE 
CHEMICAL EDUCATION’ 


Aursovex the circumstances of half-a-century ago 
made the sequence of courses in the traditional four- 
year undergraduate chemical curriculum the most logi- 
cal and effective one for that time, the passage of the 
years has resulted in so many changes both in teaching 
and in the nature of chemistry itself that a re-evaluation 
of teaching methods in the light of present needs seemed 
imperative. Accordingly, a special departmental com- 
mittee at the Massachusetts Institute of Technology 
was given the responsibility of making such an evalua- 
tion and recommending how best to make use of the 
time available for the teaching of chemistry to under- 
graduate chemistry majors. The plan described in this 
paper is the outcome of the work of that committee. 

Up until the present time, the sequence of subjects in 
the M.I.T. curriculum has been fairly traditional: 
first a year of general chemistry, then qualitative and 
quantitative analysis in the second year, followed by 
organic and physical, taken simultaneously in the third. 
The fourth year chemical subjects have been advanced 
courses and senior thesis, which is required of all stu- 
dents. The chief drawbacks to this arrangement were 
felt to lie in the first two years. The rapid expansion of 
chemical knowledge and the necessity of making first 
year chemistry a general introduction to the whole sci- 
ence of chemistry suitable as a terminal course for stu- 
dents in many of the engineering curricula had resulted 
in the elimination of a large fraction of the descriptive 
and systematic inorganic formerly given in the first 
year. In order to alleviate this situation, the sopho- 
more analytical courses had shifted more and more em- 
phasis to inorganic chemistry, to the detriment of ana- 
lytical instruction as such. Added to this unfortunate 
set of circumstances was the fact that the kind of ana- 
lytical chemistry which has real meaning for the present 
day, i.e., based extensively on physical methods and 
applying equally to organic and inorganic chemistry, 
cannot be taught properly at the sophomore level. 


1 Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 
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THE NEW CURRICULUM 


First and Second Year. The committee developed 
the following plan, which has been put into effect 
as of September, 1957, and which would appear 
to eliminate the greatest number of drawbacks 
without introducing new difficulties of equal com- 
plexity. The first year remains substantially as before: 
a course in general chemistry, compromising to meet the 
needs of both chemistry major and terminating student 
as well as possible. Increased emphasis is being placed 
on qualitative analysis in the freshman laboratory to 
compensate in part for the loss of qualitative analysis as 
a separate course, which is no longer to be given. In- 
stead, the second year is devoted to organic chemistry, 
the junior course being moved ahead one year without 
significant alteration in content or approach. Our ex- 
perience to date with the first group of sophomores has 
been highly satisfactory. The laboratory is also essen- 
tially the same as it had been when taught to juniors ex- 
cept that the part involving qualitative organic analysis 
has been removed to be given in the following year when 
the students will have had a sufficient background in 
German to use the literature effectively. The change 
to organic chemistry in the second year has had a favor- 
able effect on student interest and morale inasmuch as 
the second-year material is clearly new and different 
from that which was being studied in the first year. 

Third Year. In the junior year, physical chemistry 
(lecture and laboratory) is taken during both semesters 
as at present. Concurrently with it, in the first seme: 
ter, the students have qualitative organic analysis lab- 
oratory and a lecture course in inorganic chem)stry. 
The latter serves both to give a sound exposition o/ the 
principles of inorganic structure and reactions at a ‘evel 
not possible with freshmen, and also to fill in the g:psi0 
factual inorganic chemistry left by the disappeara: \e 0! 
qualitative analysis. An elective inorganic labor: tory 
course is to be made available in the near future. \na- 
lytical chemistry, as such, does not appear unti the 
second half of the third year, at which point qua tite 
tive analysis is introduced. By virtue of the stucent’s 
quite extensive chemical background, it no longer | «1s t0 
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be limited to the classical gravimetric and volumetric 
jnorganic analysis conventionally given, but can be in- 
stead, a much more realistic approach to analytical 
chemistry the way it is practiced today. Equal em- 
ph:sis can be given, for example, to inorganic and or- 
ganic methods. Theory can be developed rigorously 
and applications introduced from all branches of chem- 
istry. In keeping with the realistic approach to the 
subject as a whole, modern methods are introduced into 
the laboratory, of which the use of the automatic bal- 
ance isoneexample. The emphasis in the first semester 
of :nalytical chemistry laboratory is properly on volu- 
metric and gravimetric methods, but the simpler and 
commoner instruments such as pH meters and color- 
ime‘ers are also utilized at this time. 

Fourth Year. Instrumental analysis, the use of op- 
tica! and electrical methods in the solution of chemical 
problems, is given in the first semester of the senior year. 
Also found in the senior year is the experimental thesis, 
which may be in any branch of chemistry and which we 
consider to be a very important part of the undergrad- 
uate’s training, and a variety of chemical electives. 
These comprise three courses in advanced inorganic and 
nuclear chemistry, five in advanced organic chemistry, 
and four in advanced physical chemistry. Of the 
twelve, the student elects six, and the unusually able 
student may substitute or elect in addition a number of 
the graduate courses which are offered in the four fields 
of specialization. The whole curriculum, including 
other subjects, is summarized in a table. 

Although this curriculum was designed for the chem- 
istry major, there has been great interest shown by 
other departments and several of these (notably chem- 
ical engineering and food technology) have already 
taken steps to change to the same basic sequence of 
courses in their requirements. It is anticipated that 
within two or three years, all students continuing in 
chemistry will take organic chemistry in the second year 
and quantitative analysis later. 


CONCLUSIONS 


The advantages of this curriculum appear to be con- 
siderable. Organic chemistry is introduced early in the 
sequence, allowing the teaching of inorganic, analytical, 
and physical chemistry to be based on a background of 
at least two years of college mathematics and physics. 
The effectiveness of teaching in organic chemistry is not 
impaired while that of analytical chemistry is enor- 
mously improved. Inorganic chemistry emerges as a 


professional specialization, distinct from general chem- 
istry, a full year earlier than is possible with the usual 
system of advanced inorganic courses reserved for the 
senior year. Organic chemistry gains a similar time ad- 
vantage, and analytical chemistry as a professional spe- 
cialization certainly does not lose in no longer being 
equated in the student’s mind with the methods and tech- 
niques of Fresenius’ time. The general effectiveness of 
teaching in this revised curriculum can be expected to be 
increased by two factors quite apart from the advan- 
tages inherent in the program itself. One is that it is 
now possible for the individual courses, other than gen- 
eral chemistry, to be again properly classified within the 
four fields: inorganic, analytical, organic, and physical, 
and for them to be taught by staff members whose pro- 
fessional specialization is within that same field. The 
other factor is, or course, that anyone can do an im- 
proved job of teaching if he feels that what he is teach- 
ing is truly up-to-date, and as applicable to the world 
outside the university as within. 


Outline of M.I.T. Curriculum for Chemistry Majors 


First Year 
First Term Second Term 
General Chemistry General Chemistry 
Physics Physics 
Western Civilization Western Civilization 
Calculus Calculus 
Military or Air Science Military or Air Science 
Elective Elective 
Second Year 
First Term Second Term 


Organic Chemistry 


Organic Chemistry 
Organic Preparations 


Organic Preparations 


Physics Physics 
Calculus Differential Equations 
Military or Air Science Military or Air Science 
Language Humanities 
Humanities 
Third Year 
First Term Second Term 


Inorganic Chemistry 
Qualitative Organic Analysis 
Physica! Chemistry 
Physical Chemistry Labora- 


Quantitative Analysis 
Quantitative Laboratory 
Physical Chemistry 
Physical Chemistry Labora- 


tory tory 
Humanities Humanities 
Elective Elective 
Fourth Year 

First Term ond Term 
Instrumental Analysis Thesis 
Instrumental Laboratory Humanities 
Thesis Electives 
Humanities 
Electives 


the problems of chemistry. 
and properties of the molecule. 
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MOLECULAR PHYSICS: VOLUME 1, NUMBER 1—JANUARY, 1958 


A NEW JOURNAL which will publish papers in English, French, or German has been established 
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states: ‘“The subject of molecular physics occupies a key position in modern science. 
between physics and chemistry is disappearing as the methods of physics are brought to bear on 
In this new development a primary focus of attention is the structure 
The interest of molecules for the chemist naturally extends far 
beyond their purely physical properties; but these properties constitute the basis of chemical. 
theory and are becoming increasingly important for an understanding of biology.’’ 


A distinguished editorial board is headed by 


The frontier 


both to 

meet 

ein ‘lhe 

> 

177 
é 


STRUCTURE OF SYNTHETIC HIGH POLYMERS 


Derermination of molecular structures of complex 
substances has been one of the principal contributions 
of chemistry to progress in understanding the physical 
world. Class after class of molecules has yielded to 
determined effort. Structural investigation of syn- 
thetic high polymers is a relatively recent chapter in 
this history. Although the present understanding is 
incomplete, it uses concepts of general significance 
so that this chapter ranks with the classic structural 
determinations of other sectors of chemistry. What 
appear at present to be the most important of these 
general concepts are singled out for thorough consid- 
eration in the following review. Obviously much 
good work and many promising leads cannot be in- 
cluded in this framework: the intention is not com- 
prehensiveness but perspective. 

In thus confining the review to basic principles, 
several interesting areas of polymer chemistry have, 
perhaps with some arbitrariness, been eliminated, 
These are, for example, three-dimensional structures, 
and so-called block and graft copolymers. 


COVALENT LINKAGE OF MONOMER UNITS 


Polymer science began in 1920 when Staudinger 
(1) first clearly stated his conviction that the struc- 
tural units of which a polymer is composed are con- 
nected to one another by ordinary covalent bonds. 
It may be surprising that the entire history of polymer 
architecture is now only a third of a century old, but 
before 1920 there was extant no concept of polymer 
structure that has today anything more than an anti- 
quarian interest. 

Early ideas of polymer structure were drawn from 
recognition of polymers as colloids. The colloidal 
state defined by Graham in terms of its manifest ex- 
ternal properties was widely supposed to be marked 
also by a kind of binding force different from the bonds 
of ordinary molecules. Thus one of the first men to 
describe polystyrene (1899) (2) had considered this 
colloid to consist of molecules of monomeric styrene 
bound together by partial valences. In 1916, Schroeter 
(3) asserted that ketene dimers, which Staudinger 
had already characterized as cyclobutane derivatives, 
should be considered as molecular compounds in which 
partial valences bring about the cohesion of the un- 
saturated molecules. It was in connection with these 
dimers, as well as with the colloidal polymers, that 
Staudinger set down in 1920 the concept which began 
the science of elucidating polymer structure: 


Assumptions of molecular compounds in which partial valences 
bring about the cohesion of the unsaturated molecules are very 
enticing in organic chemistry today, since a large number of well 
characterized compounds, for example, the quinhydrones, have 


E. I. du Pont de Nemours & Co., Inc., 
Polychemicals Department, Wilmington, Delaware 


been shown to be molecular compounds which are held toge? ier 
by secondary valences. Yet I believe that such assumpti ns 
ought not to be used to explain the occurrence of polymeriza’ ion 
products. Preferably the various kinds of polymerization p)od- 
ucts that I want to single out in the following are satisfactorily 
explained through normal valence formulas, and as long as })0s- 
sible in organic chemistry one shouid attempt to represent the 
properties of compounds through formulas of normal valences. 


Staudinger illustrated what he meant by writing 
the formula (4) for the main chain of polystyrene (then 
called ‘“Metastyrol’’) substantially as we do today. 
From this concept of polymer structure he never 
swerved through all the polemics which marked the next 


-- H- CH-- - - 


decade; his citation as a Nobel prize winner (4) rested 
heavily on this contribution, which is so important 
that its shadow still lies across all modern polymer 
research. 

The statement of 1920 was followed by years of 
piling up experimental evidence. In one of the most 
convincing demonstrations that polymer molecules 
were simply large versions of simple, readily character- 
ized monomeric counterparts, Staudinger built up 
polymers stepwise. For example, he synthesized 
(6) from formaldehyde and appropriate additional 
reagents a number of polyoxymethylenes of varying 
chain lengths and end groups such as, for example, the 
dimethyl ether of the molecule formed from 12 mole- 
cules of formaldehyde and one molecule of water. 
Repeatedly he pointed out that the properties of these 


— 


precisely known compounds more closely approach 
those of the polymer polyoxymethylene the more 
formaldehyde they contain. ‘Polyoxymethylene can 
therefore be looked upon as the formaldehyde-rich 
end member of all these series; thereby a very high 
degree of polymerization is assumed for it.” 

In spite of the evidence brought forward and Stau- 
dinger’s increasing ability over the years to bring a 
wide collection of observations on polymeric materials 
into harmony with his concept of covalent bond s'ruc- 
ture, considerable controversy ensued. Some of this 
appeared to have been due to stubbornness or jeal: sy, 
but there was a very real complication in exter ling 
the concept to the crystalline natural polymers -uch 
as cellulose. A concept of the micellar structu’: of 
cellulose took form, principally through the wo < of 
Meyer and Mark (7), and this seemed to some w: ‘ters 
to be grounds for not accepting Staudinger’s hy; oth- 
esis, though in the end the reconciliation was stra ght- 
forward. Nevertheless the debate went on itil 
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ICA TION 


Carothers restated and extended Staudinger’s concept 
with such careful reasoning and massive documentation 
(c) that the valence theory was accepted without fur- 
ther serious criticism. 


MOLECULAR SIZE AND SIZE DISTRIBUTION 


[he second major accomplishment in the develop- 
ment of our understanding of polymer structure was 
th: achievement of an adequate concept of molecular 
size. Unlike the concept of covalent-bond structures, 
th concept of molecular size or, as more often ex- 
pr ssed, of molecular weight involves more than a 
sii zle simple thought. It seems proper to include 
he e recognition of the very large size of polymer mole- 
cules, the range of sizes to be expected, and the speci- 
fic: tion of mathematically rigorous ways of expressing 
mo.ecular weight. This is a ramified concept; its 
ful! exposition took place over a long time and indeed 
is continuing today. Likewise, contributions of many 
difierent chemists are involved. 

Qnee again, however, Staudinger is the first to 
mention. From the beginning his concept of the co- 
valent-bond structure of polymers had associated with 
it the idea that polymer molecules are very large (4). 
Moreover, it was clear to Staudinger that synthetic 
polymers are polydisperse. In 1928, he wrote (9): 


In the high polymers we do not have materials whose molecules 
have the same molecular sizes, but mixtures of molecules of dif- 
ferent lengths .... One cannot speak of molecular weight but 
only of average molecular weight and it is this that particularly 
determines the physical properties. 


He went on to explain in response to criticism that suit- 
ability of the expression “average molecular weight” 
does not depend upon one’s ability to actually separate 
the mixture of polymer homologs into individual 
members. 

Dependence of physical properties on molecular 
weight was grasped early as a means for determining 
molecular weight of polymer molecules. By 1930 (10) 
Staudinger had chosen solution viscosity as a property 
useful for this purpose. Since that time very great 
use has been made of solution viscosity measurements 
and a large literature has grown up around the inter- 
pretation of the measurements, but unfortunately it 
has been concluded after much discussion that an 
average molecular weight cannot be determined in 
an absolute sense by this method. 

From the point of view adopted in this review, the 
understanding of average molecular weight as a struc- 
tural feature rigorously defined and precisely measurable 
begin im 1935 when Lansing and Kraemer (//) drew 
the first clear distinction on sound theoretical grounds 
between different kinds of average molecular weights to 
be expected from different methods of measurement. 
For example, they defined the number-average molecular 
weiy/it as the weight of the whole divided by the number 
of molecules in it. This is the average obtained by 
the measurement of any colligative property; with 
care'ul work required by the measurement of very 
sma! temperature differences, good results have been 
obt: ined with boiling point elevation (12) and freezing 
poin: depression (13). From the point of view of 
histiry, however, the determination of number-average 
mol cular weight of synthetic polymers may be said 
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to have come of age with the publication of Schulz 
in 1936 on the osmotic pressure method (1/4). 

In distinction to number average, the weight average 
defined by Lansing and Kraemer gives an extra weight- 
ing to large molecules. This is the average arrived 
at by the measurement of any property whose intensity 
is proportional not only to the amount of polymer 
present, but to the mass of the particles. Such a 
property is light scattering, which has been very useful 
since it was established theoretically by Debye in 
1944 (15) and developed experimentally shortly there- 
after. The same average molecular weight can be 
calculated from observation of concentration gradients 
produced in polymer solutions with the Svedberg 
ultracentrifuge, the use of which on synthetic polymers 
was pioneered by Kraemer and Lansing (/6). It is 
also possible from ultracentrifuge data to calculate a 
Z average which gives a still higher weighting to the 
large molecules of the size range, because it depends 
on a term containing the square of the particle mass. 
Similarly one can calculate a Z + 1 average involving 
a cube term, etc. In formal terms, these averages are 
defined as follows: 


Number average, 7, = 5. 


Weight average, 7 


Z average, 


To complete the description of this structural fea- 
ture, it may be pointed out that Flory has shown 
(17, 18) that the viscosity average determined by the 
methods developed from Staudinger’s original proposal 
lies between the number average and the weight aver- 
age, and that the exact relationship depends upon the 
character of the individual polymer being measured as 
well as the solvent in which it is distributed. 

On the assumption usually made that the distribu- 
tion of molecular weights follows the most probable 
pattern—i.e., that the growth and termination steps 
are random processes, the various averages for the 


JUMBER AVERAGE 


ISCOSITY AVERAGE 
EIGHT AVERAGE 


AVERAGE 


WEIGHT OF POLYMER IN SIZE INTERVAL 


LENGTH OF CHAIN 


Figure 1. Qualitative Relati hip of Molecul Weight Averages 
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relationship are illustrated schematically in Figure 1. 
This shows how the increasing mathematical weight 
given to large molecules in the sequence: number 
average, weight average, Z average, brings them out 
at higher and higher molecular weights, and that the 
viscosity average lies in a region located between 
number average and weight average. 

It is customary to take advantage of the fact that 
different kinds of averages result from different molec- 
ular-weight measurement techniques to determine 
the breadth of molecular-weight distribution. A use- 
ful measure of breadth is the ratio M,/M, obtained, 
for example, by measuring average molecular weight 
both by light scattering and by cryoscopy. 


ORIENTATION OF MONOMERIC UNITS 


One of the structural features of a polymer that 
must be known is the orientation of monomer units 
(where these are unsymmetrical) as they are combined 
into the macromolecule. Having, to begin with, 
no direct evidence, we must recognize the possibility 
of random arrangement (I) in which some units are 
attached head-to-tail and some head-to-head and tail- 
to-tail. Many plausible theoretical reasons can be 
advanced, however, to suggest that a regular orienta- 
tion (II) or (IIT) should be more probable. 


x 
(I) 


Xx 
(III) 


There was no useful evidence on this question until 
Staudinger (19) examined the pyrolysis products of 
polystyrene. Identification in the complex mixture 
of 1,3-diphenylpropane, 1,3,5-triphenylpentane, and 
1,3,5-triphenylbenzene indicated 1,3 attachment of 
phenyl groups in the polymer chain. No products 
were identified that led to a contrary conclusion. 

At about this time, Marvel began a series of studies 
that in due course clinched the answer. Examining 
first the polymer of methy! vinyl ketone he noted (20) 
that the head-to-tail structure, in which the keto 
groups are 1,5, should undergo an internal aldol 
condensation with loss of water to give a cyclohexenone. 
Statistical calculations by Flory (2/) and by Wall (22) 
had shown that 81.6% of the oxygen should be removed 


—CH:.CH—CH,CH- 


CH, CH: CH, 


—CH:-CH CH CH— A CH, CH; 


Nok 


in such a reaction, the remainder staying behind in 
single groups isolated from reactant partners by chance. 


A 1,4-diketone resulting from head-to-head, tail-to-tail 
polymerization should dehydrate completely to a furan 
structure. 

Experimentally, heating this polymer led to loss of 
79%-85% of the oxygen. Pyrolysis of the polym:r 
gave small amounts of 3-methyl-2-cyclohexenone aid 
no furan derivatives. From this evidence, the 1, - 
diketone structure cannot be present to any larve 
extent and head-to-head polymerization must nt 
contribute importantly to the structure. 

Removal of chlorine from polyvinyl chloride | y 
reaction with zinc had given controversial results ovr 
a period of many years. When carefully examin:d 


1 1 1 1 di dy 
| Zn 
\ Git CH: 


(23), it provided good evidence for head-to-tail struc- 
ture. Even under the most favorable conditions and 
over long periods of time, no more than 84%-86% of 
the chlorine is removed. This is very good agreement 
with the expectation from a 1,3-dichloride. Appar- 
ently the removal of chlorine leads to formation of 
cyclopropane rings because the product does not 
respond to tests for olefinic unsaturation. 

Catalytic reduction (24) of the polymer of methyl 
isopropenyl ketone showed that it too has the head- 
to-tail structure. The product contains cyclic ether 
and alcohol groups in the proportions expected for 
1,5-diketone arrangement. 

Proof of structure of the polymers from a-halo- 
acrylic esters proved more difficult. Evidence orig- 
inally believed (25) to support the head-to-head, 
tail-to-tail attachment was later shown (26) to be 
explainable on the basis of head-to-tail structure. 

Ordinary chemical analysis led to the same conclu- 
sion with respect to polymerization of vinyl] acetate. 
From polyvinyl acetate, it is easy to derive polyvinyl 
alcohol by saponification; if any head-to-head addi- 
tion occurred, it should lead to 1,2-glycols, which are 
cleaved by periodic acid in a reaction of known stoichi- 
ometry. Marvel (27) found no significant consump- 
tion of periodic acid and concluded, with due regard 
to the analytical sensitivity, that the amount of 1,2- 
glycol could not be over 2%. Flory (28), using as 
criterion of splitting the loss of molecular weight of 
polyvinyl] alcohol, which can be measured with vastly 


_ greater sensitivity, found that there was some evideiice 


of 1,2-glycol, corresponding to 1.1 to 1.9 mole % hed- 
to-head linkage in his polymers. 


CH:CH— 
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 dcocu, dcock, 
| KOH 

dz 

| HIO, 
—CH,CH—CH.CO.H + HOCOCH;—CHCH— 
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Summing up, we may say that the overwhelming 
majority of monomer units are attached in regular 
fashion, but occasional units combined backwards are 
to be expected. 


NATURE OF END GROUPS 


Of all the structural concepts considered in this 
review, the notion of the precise chemical structure of 
the ends of polymer molecules was developed with the 
greatest difficulty. Even when valid suggestions were 
made, as seen in retrospect, there seemed to be a strange 
diflidence about incorporating them in views of poly- 
mer structure outlined in the literature. 

In the earliest days of Staudinger’s examination of 
the polyoxymethylenes (1925), he believed (29) that the 
ends of polymer molecules must be free valences and 
assumed that the capacity of the molecule for re- 
action was very slight because these free valences were 
minute in proportion to the size of the molecules. 
However, he had by 1928 conceived (30) of the end of 
the chains as particular chemical functions which 
determined the chemical properties of the molecules. 

For polystyrene, on the other hand, Staudinger 
assumed (37) that molecules were made up of extraor- 
dinarily large rings. He visualized that these would 
be stretched out into double threads with closed ends 
in which the two halves of the ring would lie parallel. 
In fact, for the period of a few years around 1930 this 
“bifilar” hypothesis was widely quoted. 

Staudinger’s book (32) in 1932, however, clearly 
stated the problem: 


The explanation of the constitution of (polymers) in the sense 
of organic chemistry is, however, not finished as long as the end 
groups of these long molecules are not identified, 


As possibilities he outlined the following: (1) free 
valences at the ends; (2) saturation of terminal va- 
lences with other groups or by rearrangement of end 
groups; (3) migration of hydrogen atoms to produce 
one saturated end and another olefinic end; (4) closure 
of the ends to form large rings. He concluded that 
experimental evidence then available ruled out the 
first and last of these four possibilities and believed 
that all the polymers investigated to that point com- 
prised thread molecules with some end group or other. 
Later writers through 1936 did not match this partic- 
ular passage of Staudinger’s in clarity of vision. 

The first contribution to present-day understanding 
of this structural feature was Flory’s paper in 1937 
(33). Flory’s proposal of a reaction mechanism in 
which saturation of the growing free radical might be 
accomplished with an atom from another molecule, 
which might be a monomer, a polymer, or a solvent 


M,—CH:CHR— + R’CH.R” — 
M,—CH.CH:R + R’R"CH— 


molecule, contained the clearest suggestion up to that 
time of the nature of the molecule ends. By this view 
of -hain transfer on a solvent molecule, he foresaw 
tha: the end of one polymer chain might be a hydrogen 
atoin and the beginning of the next the radical formed 
by removing the hydrogen atom from the solvent mole- 
cule. In the same paper, he clearly set forth the two 
most probable termination reactions, that is, mutual 
combination and disproportionation. The first of 
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M,,—CH;CHR—CHRCH,—M, 
-Mn—CH,CHR— Combination 


M,.—-CH;CH2R 


M,—CH=CHR 

Disproportionation 
these yields molecules having as ends exclusively the 
groups involved in the initiation of chains. The second 
of these involves groups terminated with saturated 
and with olefinically unsaturated carbon chains re- 
spectively; it appears to be what Staudinger had in 
mind for his third possibility. 

The one thing that was not clear from Flory’s 
paper was the group that might be expected at the 
end of a chain from the original act of initiation. 
This suggestion was supplied in the same year (1937) 
by Hey and Waters who noted (34) that the break- 
down of certain peroxides, particularly dibenzoy] 
peroxide, would give radicals that were likely to be 
involved in the polymerization of olefins. Though 
the expected end-group structure was not explicitly 
stated, it seems fairly clear that bond formation be- 
tween radical fragment and olefin was intended be- 
cause a suggestion of Bergmann (35) on the probable 
nature of the initiation of polymerization of dimethy!- 
butadiene with sodium had just been quoted in which 
the initiating atom was fixed to one end of the grow- 
ing chain. Later authors (36) interpreted the sug- 
gestion of Hey and Waters in that sense. Meanwhile 
it was very clearly stated by Schulz (37) that for sty- 
rene polymerization initiated by tetraphenyl succino- 
nitrile or triphenylmethylazobenzene, the radical gen- 
erated by the breakdown of the initiator was to be 
expected at least at one end of the molecule. 

End groups from the initiator were the first to be 
clearly shown experimentally. In 1942, Price and 
co-workers examined (38) polymers of methyl meth- 
acrylate and of styrene initiated by peroxides which 
carried tagged groups that could be easily detected 
in the polymeric products. Such initiators were 
p-bromobenzoyl peroxide, p-anisoyl peroxide, and 
chloroacetyl peroxide. Their analytical examination, 
though only of a rather preliminary sort, showed that 
the polymer molecules had on the average one-half 
to two-and-a-half fragments of peroxide each. This 
showed the incorporation of end groups from the ini- 
tiator which later work (39) made more satisfyingly 
quantitative. 

The creation of end groups by chain attack on sol- 
vents was very convincingly used by Mayo (40) in 
1943 to explain Breitenbach’s previous observation 
(41) that polymerization of styrene in carbon tetra- 
chloride led to products containing, it appeared, about 
four chlorine atoms per molecule. Mayo’s kinetic 
evidence incorporated this polymerization step (and 
along with it this structural feature) into the chain 
picture of vinyl polymerization in a very satisfying 
way. 

Chemical evidence for the correctness of this hypoth- 
esis was obtained by Hanford and Joyce (42, 43) 
by examination of a polymeric product from ethylene 
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and carbon tetrachloride. Low molecular weight 
products were made intentionally by use of a limited 
ethylene concentration so that the products could 
be handled as individual chemical compounds. Poly- 
merization with benzoyl! peroxide initiator in a system 
with ethylene at 1500 p.s.i. pressure gave products 
that were largely separable into individual compounds 
by distillation. The successive fractions proved to 
have empirical compositions corresponding to Cl(CH:- 
CH:2),CCl; in which n was mainly 1, 2, 3, or 4. The 
indicated structure was proved unequivocally by 
chemical transformations of the first three members of 
this series. Hydrolysis of the first member in strong 


H,0 


Cl—CH;CH:—CO0,H 


4 
H,0 NaOH 
H.SO, 
N2H, 


H,O0 NaCN 
Cl(CH,CH:);CO.H —— 
4 
H,0 


Cl(CH2CH2);CCl; 


NC(CH:CH:);CO.H 


acid gave beta-chloropropionic acid; hydrolysis of the 
second gave a chloro acid which proved to be convert- 
ible by sodium hydroxide to valerolactone identified 
as the hydrazide. Hydrolysis of the third member 
gave a chloro acid which on metathesis with sodium 
cyanide and hydrolysis gave suberic acid. 

Exact confirmation of the combination and dispro- 
portionation reactions as factors controlling the nature 
of polymer end groups is difficult to pin down, but 
quantitative direct evidence on this point, as distin- 
guished from inferences from kinetic data, began to 
be accumulated when M. G. Evans showed (44) in 
1947 that a polymer initiated by hydroxy] ion possessed 
two hydroxy] groups per molecule by the Zerewitinoff 
assay, i.e., it appeared that combination was the ex- 
clusive mode of termination. Really satisfactory 
quantitative measurements were first published in 
1954 by Melville and co-workers (45). Using radio- 
active carbon in the initiator and osmometry for 
number-average molecular weight, they were able to 
prove that disproportionation is not a factor in deter- 
mining the end groups of polystyrene made at ordi- 
nary temperatures but makes quite an appreciable 
contribution to the structure of polymethyl methac- 
rylate. 

The several independent researches involving several 
different polymer systems cited in the foregoing can 
be summarized by saying that reliable precedent has 
now been set for the quantitative determination of 
every commonly encountered type of end group in 
vinyl polymers. 


CHAIN BRANCHING 


Early papers of Staudinger showed an awareness of 
the possibility of three-dimensional polymer struc- 
tures, in which the carbon skeletons are not exclusively 
straight-chain but are characterized by many branches. 
The purposeful synthesis and elucidation of such struc- 


tures has been the subject of a vast amount of work, 
with which the names of Staudinger, Carothers, and 
Flory are particularly to be associated. Howev r, 
the intention here is not to attempt to summarize t) js 
work but to focus attention on chain branching pn 
nominally linear polymers, as a spontaneous pheno 
enon that had to be explained before the carb: n 
skeleton of even the simplest vinyl polymers was und: :- 
stood. 

Staudinger and Schulz first recognized (46) tie 
likelihood of “unknown complications in the structure 
of the thread molecules as a consequence of side | e- 
actions.” The example cited as a hypothetical pos-i- 
bility was the entrarce of styrene molecules into a 
polymer chain by 1,6-polymerization; the doulle 
bonds thus incorporated would react subsequently, 
leading to branches (Verzweigungen). As it happened, 


+ ¢ CH=CH, > 


evidence has not developed to support this particular 
branching mechanism, but the broad concept has been 
vindicated. In addition, Staudinger’s forecasts (4/6) 
that branching should appear more strongly the higher 
the polymerization temperature and that comparison 
of osmotic and viscometric molecular weights would 
provide insight into this structural feature, exhibited 
his usual prescience. 

The first major milestone was reached in this aspect 
of polymer structure by Flory in the classical paper 
already referred to (33). In laying down the principles 
of vinyl polymerization mechanism as they have since 
been universally accepted, Flory introduced the con- 
cept of chain transfer as a step in which polymer chains 
are terminated but kinetic chains are propagated. 
This he believed to involve saturation of the free 
radical with an atom from another molecule, which 
might be a monomer, a polymer, or a solvent molecule. 


If chain transfer proceeds according to the mechanism by 
which the free radical is saturated with an atom from another 
molecule, occasionally a free-radical active center may be trans- 
ferred to some point along the chain of a previously formed poly- 
mer molecule; subsequent growth from this center would . . . 
yield a branched chain. ; 


Flory also visualized formation of chain branches by 
incorporation in the growing chain of preformed 
polymer with a terminal olefinic group. 

Later evidence that branching is indeed present in 
nominally linear polymers included examination (/7) 
of the product obtained from p-chlorostyrene poily- 
merized in the presence of polymethyl acrylate. 
The product was worked up by first saponifying ‘he 
ester groups to produce organophobic carboxy! groups. 
Extraction with benzene then removed the normal 
poly-p-chlorostyrene but left a polymer insoluble in 
benzene that contained substantial amounts of chlorive. 
This was explained as a graft of a p-chlorostyr: ne 
polymer chain onto a methyl! acrylate polymer chain 

In 1940 Fox and Martin concluded (48) from n- 
frared examination of polyethylene that the molec es 
must be highly branched. Through study of mo 
compounds, they and others had established on px | 
ethylene a fairly accurate infrared assay for met | 
groups, which might be expected as molecule e! 
Comparison of methyl-group counts with molec: : 
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weights, for example as determined by cryoscopy, 
led to the surprising conclusion that the molecules had 
fr more than two ends each, that is, they must be 
highly branched. As we shall see, there is another 
factor contributing to these results besides the branch- 
ing determined by Flory, which should be called 
“|ong-chain” branching for clarity. 

Branching resulting from chain transfer on pre- 
formed polymer was not separated from other struc- 
tural features and adequately measured until the in- 
vestigation published by Billmeyer in 1953 (49). 
Tl.is advance rested upon the foundation laid by Zimm 
an | Stockmayer (50), who had developed from theoreti- 
ca! grounds the relationship between viscosity of 
lincar polymers and branched polymers of the same 
molecular weight and same chemical type. Figure 2, 
derived from this analysis, portrays graphically the 
dependence of the ratio of a function of the two vis- 
cosities upon n, the average number of triple branch 
points in the molecules in a system having the ex- 
ponential distribution of molecular weights. In adapt- 
ing this theoretical material for his use, Billmeyer had 
to establish the intrinsic viscosities to be expected for 
fully linear hydrocarbon polymers, which he did by 
taking data determined by Harris (51) on a polymeth- 
ylene prepared from diazomethane. Having ex- 
trapolated available data with reasonable assumptions, 
he was able to characterize (table) a family of poly- 
ethylenes of substantially the same number-average 
molecular weight (1/,) in terms of their average degree 
of branching (n). It is apparent not only that there 
isan appreciable amount of branching in these samples, 
but the amount is variable over a wide range. One 
effect of branching of this kind is broadening of the 
molecular weight distribution (as Beasley showed 
(52) on theoretical grounds) with the appearance of a 
long high molecular weight “tail” on the distribution 
curve. The ratio of the weight-average molecular 
weight (M,,) to the number-average molecular weight 
tends to rise with the increase in branching which 
accounts for the progression of values recorded in the 
last column of the table. Beasley’s analysis also 
indicates that there is a very broad distribution in the 
number of branches per molecule with a large fraction 
of the polymer remaining unbranched. Because of 
certain shortcomings in the analysis, it is not yet 
possible to define n, the average degree of branching, 
exactly but it is certainly greater than a number- 
average and less than a weight-average number of 
branch points per molecule- 


n M, My 

5.5 34,000 190,000 
7.9 34,000 305, 000 
10.6 34,000 430, 000 
13.6 31,000 560, 000 


SHORT-CHAIN BRANCHING 


Tie seed of a new concept of branching in polymer 
chai s was actually planted as early as Flory’s concept 
of ciain transfer on preformed polymers. In 1937 
Burl suggested (53) that branching during polymeri- 
zatic: should be common as a result of a reaction in 
whic, the hydrogen atom from somewhere along the 
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og (LINEAR) 


1 
2 < 6 8 10 


Average Number of Triple Branch Points 


Figure 2. Relationship of Intrinsic Viscosities and Branch Points (after 
Zimm and Stockmayer, 1949) 


growing chain could shift to the growing end and leave 
a new active center from which polymerization could 
proceed. As illustrated for polystyrene, he visualized 
that the process might form a branch on the chain four 


| 


—CH—CH:—CH—CH—CH—CH:—CH—CH; 


| | | I 
carbons long. While he did not emphasize the likeli- 
hood that chains of this length would be favored over 
others, he was first to suggest that the chain transfer 
could take place unimolecularly. 

This seed lay fallow until it was developed in the 
work reported by Roedel in 1953 (54). Roedel vis- 
ualized that the unimolecular or intramolecular hy- 
drogen-transfer reaction would occur via a transient 
ring, most probably one containing four or five carbon 
atoms or, counting the hydrogen being transferred, 
five or six members respectively. This has come to 
be known familiarly as the “backbiting” mechanism, 


Transient 
six-membered 


ring formation 


| Intramolecular 
hydrogen 


transfer 


CH; 
R Cl CH, CH; 


Propagating secondary 
free radical 


Estimated bond lengths for the ring illustrated in the 
diagram (1.54 
about 1.2 A. for the carbon-hydrogen bonds) make this 


for the carbon-carbon bond and 
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| 
R CH: CH; CH,.* 
CH, CH, | 
R CH, 
‘Hy 


ring size, which produces a four-carbon side chain, 
the most probable, though side chains of three-carbon 
and five-carbon lengths are not excluded. At any 
rate, side chains of this distinctly short character 
were adduced to account for the very great differences 
in certain properties between polyethylenes (prepared 
under different synthesis conditions) which appeared 
from viscosity measurements to have the same degree 
of long-chain branching. 

Proof of this hypothesis was forthcoming (55) through 
a very careful re-examination and extension of in- 
frared absorption spectra of specially selected samples 
of polyethylene and carefully prepared model com- 
pounds. After making accurate corrections for in- 
frared absorption due to olefinic bonds and for the 
methylene groups of the normal chain, it was possible 
to make significant distinctions between methyl 
groups and longer alkyl groups. It was ultimately 
concluded that (1) no appreciable number of pendant 
methyl side chains are present; the methyl groups 
are parts of longer chains believed to contain four 
carbons; (2) end groups in various polyethylene sam- 
ples were found to range in frequency from 0.2 to 2.6 
per 100 carbon atoms. In general, this is far more end 
groups than could be accounted for on the conven- 
tional (bimolecular) mechanism of branching. 

The signifieance of the newly drawn distinction 
between two kinds of branching is (56) that (1) they 
can be varied independently, the long-chain variety 
by concentration parameters and the short-chain 
variety by temperature, and (2) independent knowledge 
of both is essential to describe a polymer, since long- 
chain branches affect viscosity and all flow-dependent 
properties while short-chain branches primarily affect 
degree of crystallinity and all crystallite-dependent 
properties. 


STEREOSPECIFICITY OF MONOMER COMBINATION 


In a theoretical way, Staudinger recognized in his 
1932 book that polymers of certain monomers (e.g., 
monosubstituted olefins) should have asymmetric 
carbon atoms, and many later writers speculated over 
the possibility of obtaining viny] polymers with dis- 
tinctive structures by performing an asymmetrical 
synthesis that would set up these carbon atoms in 
all dextro, all levo or regularly alternating (meso) forms 
instead of the random orientation to be expected in 
normal synthesis. Indeed, this hypothesis was out- 
lined (57), among others, by Schildknecht and co- 
workers in 1948 as one possible way of accounting for 
pronounced differences in polymers of vinyl isobutyl 
ether made in two different ways. Whereas these 
polymers as known up to the time of their work had 
been made by a reaction catalyzed by boron fluoride 
which gave amorphous rubber-like products, they 
discovered that a slower polymerization procedure, 
using as catalyst a complex of boron fluoride with an 
ether, gave polymers that were shown to be well- 
ordered by X-ray diffraction; it was believed that this 
procedure might be stereospecific. 

A great deal of evidence on this point has been 
accumulated on polyolefins, beginning with Natta’s 
letter (58) describing high-molecular weight poly- 
mers of propylene, 1-butene, and styrene. By the 
use of catalysts not then described, he indicated his 
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ability to make either amorphous or crystalline ver- 
sions of these polymers. Comparison of their prop- 
erties readily shows that they are distinctly differen’. 
The high crystallite melting points of the crystallii e 
polymers as well as their X-ray diffraction diagran ; 
show clearly that they have a high degree of orde.. 
In Natta’s words (59): 


The cause of exceptional regularity of structure of the cryst::\- 
line polymers examined here can be attributed to one of the fv \- 
lowing structural hypotheses: 

(1) All the adjacent asymmetric atoms present, at least 
for long periods of the chain, the same steric configuration. 

(2) Each chain contains several asymmetric carbon 
atoms of different configuration, but the succession of asym- 
metric atoms occurs with a determinate regularity. 


He believed the second possibility to be excluded 
because the repeating unit in the crystalline structure 
corresponds to three monomer units, and it appeared 
extremely improbable that sequences such as ddl or 
the equivalent could occur in a regularly repeating 
fashion. Hence the crystalline polymers were be- 
lieved to be all of one structure or, as Natta named 
them, isotactic. To portray this structure graphically, 
Natta suggested that we imagine the principal carbon 
chain laid out on a plane in the customary zigzag. 
The superimposed groups R from a monosubstituted 
olefin can then be either all above or all below the 
plane of carbon chain as in the isotactic formulation 
or they may be randomly distributed as in the non- 
isotactic formulation. 


R 


Cc Cc C 


Isotactic 


C C C 
C C C C 


Non-isotactic 


With respect to optical activity, Natta observed 
that isotactic molecules can appear in mirror images, 
but that these are superimposable except for the ter- 
minal groups by rotation of the molecule through 
180°. In any case, he expected that internal com- 
pensation between atoms equally spaced from the 
center of each chain should very greatly reduce opt ‘cal 
rotary power even if the mixtures of enantiomorphs 
could be separated. As yet the fact that poss ble 
enantiomorphs have not been separated is suffic ent 
cause for the non-appearance of optical activity. 

Later work (60) provided abundant structural de- 
tail demonstrating the regularity of the substit: cnt 
positions along the crystallized chains of isot: ‘tic 
polymers of a-olefins. Furthermore, Natta sho ved 
(61) that the polymer of 5-methyl-l-hexene h:< 4 


JOURNAL OF CHEMICAL EDUCA‘ION 


| 
of 
th 
| 
gi 
pe 
in 
po 
thi 
the 
vi 
1 wit 
ter 
mi 
res 
cry 
(1 
(2 
(3 
(4 
5 
( 
(6 
7 
(8 
(9 
(10 
(12 
(13) 
(15) 
(16 
(18) 
Vo: 


> ver- 
prop- 
eren'. 
alli: e 
orde’. 


rysti|- 
the fc |- 


least 
tion. 
rbon 
sym- 


eluded 
ucture 
eared 
ddl or 
eatilg 
be- 
named 
ically, 
carbon 
‘ituted 
ww the 
lation 
non- 


SY 


H H 


served 
maxes, 
he ter- 
hrough 
com- 
m the 
opt ical 
nor phs 
oss ble 
ffic ent 


ral de- 
titi ent 
ote ‘tic 
sho ved 
has a 


CATION 


bu, 
H 
CH; CH; 
structure identical with that of Schildknecht’s polymer 


bu, 


H 
CH; CH; 
of vinyl isobutyl ether which lends further support to 
the isotactic structure of the latter. 
Similar catalyst systems were found by Natta to 
give ordered polymers of 1,3-butadiene in which the 
pendant vinyl groups alternate in position: 


| 
fou, CH CH; CH 
H=CH, 


Polymers of this sort he named syndyotactic. 

Another ordered polymerization has been achieved 
in the synthesis of all -cis (62, 63) and all -trans (64) 
polymers of isoprene at will. The relationship of 
this advance to Natta’s discovery is not yet clear al- 
though there are similarities in the catalyst systems 
used for the two types of polymerization. 

Some analogy to isotactic polyolefins is also pro- 
vided by Price’s polymerization of propylene oxide 
with control of configuration (65). Crystalline ma- 
terial was obtained that was deemed to be a racemic 
mixture of all-d- and all-l-molecules because of its 
resemblance in key physical properties to a polymer 
of optically active propylene oxide. Preliminary 
crystallographic examination (66) confirmed that 


this polymer is another example of the control of 
molecular architecture involving configuration of asym- 
metric carbon atoms. There is sure to be further in- 
teresting development of this observation. 

Very recent news suggests that we may be on the 
verge of another advance in understanding polymer 
architecture. Butler has concluded (67) that the 
free-radical polymerization of certain diallylammonium 
salts involves an orderly formation of rings along the 
polymer chain. 


CH, 


Z—CH; - 
CH, 
N + 


A (initiation) 
H: 


CH, 
(intramolecular Z—CH.—CH 


+ monomer 
mall 
(intermolecular 


propagation) 
propagation) 


If this regularly alternating intramolecular-intermolec- 
ular propagation is found to be a general reaction, 
synthesis of chains of rings may rank as the eighth 
major structural feature of synthetic high polymers 
to become established. In any event, the pace of 
discovery appears to be accelerating, and knowledge of 
polymer structure promises to become an increasingly 
extensive portion of physical science. 
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THE FACE-CENTERED CUBE AND CUBICAL CLOSE-PACKING 


SrvupEntTs usually find great difficulty in understanding 
how the face-centered cube gives rise to close-packing, 
but the derivation can easily be shown with almost 
startling clearness by the following simple model. 

Eighteen balls of about 1-in. diameter are required 
in any four sharply contrasting colors. The choice 
of colors can be left to the individual teacher, but the 
writer has found the following convenient, and suit- 
able for those with defective color vision: one black, 
five yellow, six red, six silver. : 

Each ball must be drilled with four equi-spaced 
equatorial holes, but the octahedrally drilled balls of 
the Griffin skeletal models are very satisfactory, unused 
holes being left vacant. 

The four units shown in the diagram are constructed. 
In each the balls are in contact, and held in place by 
wooden pegs or Griffin “expendable bonds.” The 
four units are then piled together in the order shown 
(2 on top of 1, etc.) and in the aspect shown (this last 
is important). If the resulting model is inspected, the 
face-centered cubical arrangement is seen at once. 
If attention is now focused on the black ball it will be 
seen to be equatorially surrounded by six silver balls. 
Further, there are three red balls in north polar positions 
and three red balls in south polar positions. This gives 
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YELLOW 


the 12-fold coordination characteristic of close-pack 0g. 
Since the red balls surrounding the north pole are nc it 
eclipsed positions to the red balls surrounding the s: ith 
pole (they are not in the “same longitude”’), the c! \se- 
packing is cubical and not hexagonal. 
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PETER GRIESS—DISCOVERER OF DIAZO 


COMPOUNDS' 


The name of Peter Griess resounds again and 
again while one is wandering through the expan- 
sive workshops of the dye industry 


A. W. von Hormann 


years ago the diazotization process for 
aromatic amines was discovered by Peter Griess. He 
lived and worked at a time when the dyestuffs industry 
and organic chemistry were growing up together. His 
sharp observations stimulated by a character of iron 
perseverance enabled him to contribute by his dis- 
coveries to a gigantic industry. Today, its products 
are first in number and second only to the anthraquinoid 
vat dyes in monetary value (/). Manufacturers 
gambled upon the ideas produced by patient workers 
who were not often interested in the commercial 
development of their creations. The history of the azo 
colors is a very complicated one, for industrialists had 
the habit of keeping few records and of blocking com- 
petition with patents which did not tell the whole 
story. Existing literature in English on the life and 
works of Peter Griess is very scanty. The material for 
this brief sketch has been taken mainly from a trib- 
ute paid to his memory by three of his contemporaries, 
A. W. von Hofmann, Emil Fischer, and Heinrich Caro? 
(2). 

Johann Peter Griess was born in the village of Kirch- 
hosbach, Hesse Cassel, Germany, on September 6, 
1829. His father, a well-to-do landowner as well as 
the village smith, planned for his son to become a 
farmer, and sent him at the age of fifteen or sixteen to 
an agricultural school. With the restlessness of youth 
and seeming lack of interest in soil tillage, he shifted 
from one polytechnic school to another, until in the 
spring of 1855 he matriculated for the third time at the 
University of Marburg. Drawn into the whirlpool of a 
stormy student life he fell deeply in debt, from which 
he was partly extricated by the sale and mortgage of his 
father’s farms. After this escapade Peter seemed 
stimulated to greater academic efforts and for the first 
time began attending regularly the lectures on the 
natural sciences. In late summer he accepted a posi- 


tion in the laboratory of Herman Kolbe, but when the . 


old master, unimpressed by Griess’s accomplishments, 
failed to recommend him later for another position, he 
lefi the university to work in the aniline factory of 
K. Oehler at Offenbach on Main, the oldest manufac- 


* \pril, 1958, marks the one hundredth anniversary of Peter 
Gri ss’s discovery of the diazotization reaction (3). 

* The assistance of Sister Mary Leander Eiting, 8.C.N., Ger- 
ma). Department, Nazareth College, in translating the old Ger- 
ma) text is gratefully acknowledged. 
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turer of coal tarin Germany. An unfortunate accident 
in the laboratory caused by the ignition of benzene 
vapor burned the building to the ground with no hope 
of immediate reconstruction, and Griess returned to the 
University to re-enter the services of Kolbe. Even 
during the short time he had been employed with the 
Oehler firm a change had come over him, and he prac- 
tically lived in the laboratory, working often far into 
the night. He was especially fortunate at this time to 
make the acquaintance of Doctor Rudolf Schmidt, who 
was just returning as first assistant to Kolbe, after 
spending some time under the auspices of Fehling. 
The kindness and help rendered Griess by Schmidt 
began a lifelong friendship between the two men. 

In the spring of 1856 Peter Griess met for the first 
time the great Doctor A. W. von Hofmann, Director 
of the Royal College of Chemistry in London. Be- 
cause of Griess’s impoverished condition and his limited 
possibilities for future advancement, Kolbe asked 
Hofmann to offer the young man a place in his London 
laboratory, where Perkin, too, had served as research 
assistant. That evening, Hofmann, pondering over this 
request, returned to his room at alate hour. He found 
on his table the April issue (1858) of Liebig’s Annalen 
opened to an article entitled: ‘A Preliminary Notice 
on the Influence of Nitrous Acid on Aminonitro- and 
Aminodinitrophenol,” by P. Griess (3). “I followed 
avis au lecteur, and read the short paper through,” says 
Hofmann, “before sleeping.”” It contained a program 
that would occupy the lifetime of the author. Here 
was a new and unexpected reaction of extraordinary 
interest, although the full import of the discovery was 
lost on Hofmann at the moment. Kekulé in 1865 had 
yet to come forth with his brilliant theory of the benzene 
structure, which led to a systematic study of the aro- 
matic hydrocarbons. 

It was evident to the reader that Griess’s starting 
point must have been his observations of the work of 
Piria (4), who in 1849 had found that aspartic acid 
could be converted to malic acid by nitrous acid fumes. 
Hunt and Hofmann also used this methed to obtain 
phenol from aniline, and in 1853 Gerland (5), in 
Hofmann’s laboratory, prepared hydrobenzoic acid from 
aminobenzoic acid. Griess had found the product 
obtained by treating m-aminobenzoic acid with nitrous 
acid to be violently explosive and so had turned to the 
aminonitrophenols as a less dangerous approach. He 
bypassed the use of the simple aromatic amine, aniline, 
because this substance was difficult to obtain and was 
expensive. Working with picramic acid (4,6-dinitro-2- 
aminophenol) he might have followed the same path as 
Piria, but because his starting compound was insoluble 
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Figure 1. Peter Griess 1829-1888 


in water, he selected alcohol as the solvent. His 
product turned out to be a new crystalline compound 
which exploded in the combustion tube and blew hot 
coals around the laboratory (6, 7). This substance he 
termed ‘‘diazonitrophenol, for the want of a better 
name,”’ and assigned it the empirical formula CsH.N,O; 
which according to Kekulé’s interpretation was an 
oxide, 


CeH2(NO2)2 


O 


Because of the lack of information on molecular 
structure at the time, Griess held firmly to the idea that 
his nitrogen compound was a salt of the base CsH,N2 
(8). Griess now began to work on simpler amines and 
established the exact conditions for the diazotization 
process as we know it today. In this, an aromatic 
amino group in acid medium is attacked by nitrous acid 
in such a way that two hydrogens are replaced by one 
nitrogen and one acid radical. 


H + HONO + HCl> | 
Cl + 2H:0 


Aniline Benzenediazonium chloride 


The ammonium characteristics of the diazonium salts 
explained later were to form a long and lively con- 
troversy never quite elucidated. Kekulé favored the 
structure CsH;—N=—N—C!] for the salt, while Blom- 


strand proposed CsH;—N=N—Cl, but Emil Fischer 
maintained that the formation of phenylhydrazine by 
simple reduction of a diazo salt could only be explaine | 
by the Kekulé formula (9). The objections were 
accepted until 1895, when the Blomstrand structur: 
was finally adopted. Hanztsch argued for the pr-- 
dominance of the syn form in the geometric isomers «{ 
the salt, since reactions of the diazonium salts occur 
near neutrality. 


C.H;—N 
on 


syn-Benzenediazonium 


anti-Benzenediazonium 
chloride i 


chloride 
The fact, that these diazonium salts require the diazoie 
structure with increasing pH, is now explained by the 
theory of resonance of organic compounds: 


ASSOCIATION WITH HOFMANN 


Griess accepted Hofmann’s offer of an assistantship 
and left in the fall of 1858 for England, although he 
would have preferred to finish his work for a degree be- 
fore leaving Germany. Hofmann now commissioned 
him to investigate his new nitrogen intermediates with 
the result that diazobenzoic acid was isolated and an 
entirely new class of compounds was discovered. These 
basic attempts were published in the Annalen from 
1860-66 under the title of: “On a New Class of Or- 
ganic Compounds in Which Hydrogen is Replaced by 
Nitrogen.” In the three years under Hofmann, Griess 
had the opportunity to make the acquaintance of such 
distinguished men as Volhard, Martius, Hugo Miller, 
Holtzmann, Geyger, Leibius, and Heinrich Béttinger. 
Now over thirty years of age, he desired to widen his 
“working circle,” and through the influence of Bét- 
tinger, a chemist and the head brewer at Messrs. All- 
sopps and Sons at Burton on Trent, accepted a position 
in 1862 as chemist at the brewery. Here he managed 
to take up the “details of a scientific brewing” and to 
continue his pet researches on the diazo compounds. 
Samples of products other than those of the brewery 
often found their way to his laboratory table, and it is 
said that when overburdened with work he sent his 
diazo compounds for analysis to Rudolf Schmidt, now in 
Dresden. These were frequently accompanied by a keg 
of Allsopps’ best pale ale. Béttinger helped Griess over 
many difficulties in his new field of labor, translated his 
articles into English for publication, and offered him 
the hospitality of hishome. When Béttinger returned 
to Germany in 1866, Griess saddened at the loss of |iis 
friend, promised to follow him to the Fatherland as 
soon as his affairs were in order. The promise w:s 
never fulfilled. 

At this time C. A. Martius, also assistant to H.f- 
mann, transferred to the firm of Roberts, Dale, 2d 
Company of Manchester. Martius was put to wo'k 
on the analysis of a yellow substance for dyeing cot! »1 
but not wool or silk. He was not long in proving it ‘0 
be the diazobenzoic acid of Griess, and published | is 
results (1/0). Another yellow dye appeared on ‘i¢ 
market called aniline yellow, from the British fin, 
Simpson, Maule, and Nicholson, which Griess «1d 
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Martius showed to be p-phenylazoaniline (11). Ten 
years later Heinrich Caro of the Badische Anilin- und 
Soda-Fabrik (BASF), Ludwigshafen, was to add an- 
other group to this compound to produce the orange 
dye, chrysoidine. Witt, working independently at the 
Starr Chemical Works of Williams, Thomas, and Dower 
at Brenthouse near London, put this color on the market 
in 1876. Chrysoidine was not patented, as the manu- 
facturers thought that no one would solve its composi- 
tion. However, Hofmann soon published a paper 
showing the new color was prepared by coupling diazo- 
tized aniline to meta-phenylenediamine. The intro- 
duction of this basic dye, used extensively for dyeing 
cotton, wool, silk, and leather, marked an era of 
importance for the commercial azo colors. 

Griess discovered the art of “coupling” in 1864 (12). 
By this reaction an aromatic amine or phenol added to 
the diazotized salt formed colored bodies. His pioneer 
attempts in this direction were all-embracing, for this 
process called into existence the great industry of the 
azo colors which had a tremendous influence on the 
development of aromatic chemistry. 


NH, NH, HCl 
Aniline yellow Chrysoidine 
(orange dye) 

Martius next turned to the diazotization of m-phenyl- 
enediamine, a substance he had seen prepared in Hof- 
mann’s laboratory, but Hofmann desired to return to 
Germany to live and persuaded Martius to accompany 
him. Griess undertook to finish the work, so that the 
first azo color appeared in 1865 as an industrial product, 
and was called meta-phenylene brown or Manchester 
brown (Bismarck) as it is known today. 


NH:- HCl NH, -HCl 


| AY. Ay | 
{NSN 
H.N— \ | \ | NH; 


Manchester brown 


A preliminary account of this discovery was published 
in 1867 (13). This was one of the first contacts of 
Griess with industry, and the paper should have been 
followed up by one in detail, but all remained unpub- 
lished. Only later was the publication forthcoming. 
Griess saw that his diazo compound (one aryl group 
attached to one nitrogen) was not a dye, for color alone 
does not consitute a dye: 


N(CHs)2 
p-Dimethylazobenzene 
(yellow dye) 


Azobenzene 
yellow color 
(not a dye) 


Diazonium 
sa't (inter- 
mediate) 
Griess realized the necessity of certain groups in the dye 
molecule, but it took Witt in 1876 to put the chromo- 
phore-auxochrome theory on paper. This stated that 
all colored compounds containing the chromophore 
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groups: —NO, —N=N-, and Soo, are 
responsible for colors: the auxochrome groups, —NHe, 
—NHR, —NR:, and —OH give the colored com- 
pounds the properties of a dye. Knowledge ob- 
tained later on postulated that the property of selective 
absorption of light by the molecule lies in the vibration 
of the valence electrons in the resonating forms, where 
shifting polarity causes the color to appear. The 
chromophore-auxochrome studies of the absorption and 
geometry of the molecules of a dye have taken on very 
important implications today. 

A year later Griess took out two patents: an English 
one appeared in October, 1877 (14), and a German one 
in March, 1878 (15). To the latter was attached a 
sketch of all the azo colors so far patented by him and 
others. It was headed ‘Descriptions of Processes for 
Preparation of Yellow, Red, Violet, Brown and other 
Azocolors which are produced by the Diazophenols.” 
He said, “I consider that the Diazo compounds which 
are produced by den nitriten [treating with nitrous acid] 
the phenols and their chloro, bromo-, iodo-, carboxyl-, 
and sulfonic acid derivatives, as well as the homologues 
and anslogues of the same. . .as my discovery” (/6). 

Peter Griess at the age of forty married Louise Ann 
Mason, the daughter of Burton’s most distinguished 
physician, and had two sons and two daughters. 
Neither son followed a scientific career but seemed more 
inclined towards the study of the humanities. Be- 
cause of the delicate health of his wife he seldom took 
part in the social life of his fellow workers, although he 
did join a dinner club called the Bacteria, and enlivened 
many an evening with his master performance at the 
piano. He was a member of the Royal Society of Lon- 
don, a member of the English and German Chemical 
Societies, and one of the founders of the Institute of 
Chemistry. At the fiftieth anniversary of the German 
Society, Naturforscher und Aertze, he received a cita- 
tion for his contribution to organic chemistry, along 
with Heinrich Caro. When Caro visited the laboratory 
of Griess in 1876, the latter brought forth an old cigar 
box containing many small and large tubes of brightly 
colored substances all made by his diazotization proc- 
ess. It was at this moment when, strongly urged to 
push commercial investigation of the colors and apply 
for patents, he consented to have the accompanying 
picture made. Later several of these coloring matters 
were patented, but manufacturers already using his 
information were working at top speed to improve the 
method, so Griess allowed his patents to expire, only 
too happy to have furthered scientific investigation. 


DIAZOTIZATION: STARTING POINT FOR DYE 
SYNTHESIS 


There now appeared in the literature a third of a 
series of fifteen papers by Peter Griess on ‘“‘New Inves- 
tigations of the Diazo Compounds.” These papers 
were an inexhaustible source of information for the dye 
engineer, and their concise, scholarly construction 
brought a great influence to bear upon the formation of 
German patent literature. In November, 1876, a new 
series of orange colors by Roussin came to the French 
and German markets from the firm of Poirrier at Saint 
Denis near Paris. The colors were light fast, water 
soluble, needed no mordant, but were not patented. 
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Hofmann showed the next 
summer (1/7) that these excel- 


Diazotized sulfanilic acid 


lent acid colors were made by 


coupling diazotized sulfanilic a-Naphthol 
acid with the naphthols and 
aromatic amines, based upon 
methods suggested years be- SO 

fore by Griess. In fact, the 

latter had discovered the a- 

naphthol in 1862 by permit- 

ting diazotized a-naphthy!l- | 

amine to decompose at room 1. 
temperature with the libera- { 
tion of nitrogen gas. The 


sH 


consisted of orange I, orange 


SO;H 


B-Naphthol 


p-Aminodimethy] 
aniline 


S0;H 


| 
N 


dyestuffs of Roussin-Poirrier HO-—C 


II, and orange III. Shortly 
after, orange IV was added to 
the list, which Hofmann 
showed to be similar in com- 
position to chrysoidine (Figure 
2). 

The same year that the ‘oranges’? were manufac- 
tured, Caro prepared the first red azo color of technical 
value, fast red A, by using naphthionic acid in place of 
sulfanilic acid. This color was introduced in 1878 and 
is still manufactured in large quantities because of its 
fastness and low production cost. 


Orange I 


OH 


The shifting of certain groups, such as the sulfonic 
acid group, brought forth different hues in the colors, 
and isomers began to multiply by the hundreds. 
Industry studied the field in every detail and the battle 
between natural and artificial dyes was now on. The 
azo colors with one or more —N==N— groups have no 
counterpart among the natural dyes. A year later 
(1877) Griess published a paper on “The Reaction of the 
Diazosulfonic Acids and Primary Aromatic Amino 
Compounds.” From the ap- 
pearance of the Roussin- 

Poirrier dyes dates the period ye 
of the naphthol-azo colors, NH 


manifesting the Griessian 


| 
method in its full phenomena. 
| 


Up to 1884 about 9000 azo 
dyes from the German market 
had been patented. These 
were prepared by his method 
but only a few were successful 
enough to be of practical value. 

In the spring of 1884, Paul 
Béttiger patented a new red 
dyestuff for cotton and wool, 
Congo red named in honor of 
the Congo Conference in rec- 
ognition of the Congo Free 
State. It was made by cou- 
pling tetrazotized (both —NH;, 
groups diazotized) benzidine 


NH: 


Benzidine 


points in the opposite direction. 


Orange II 
Figure 2. Dyestuffs Derived from Diazotized Sulfanilic Acid 


Dye colorist notation: Arrow points to compound with which the tetrazotized benzidine is coupled. 
diazotized and coupled, arrow points in the same direction. 


Orange III Orange IV 


with naphthionic acid, and it dyed cotton directly from 
a neutral or slightly basic bath. 


NH, NH, 


SO;Na 
(Naphthionic 
acid) 


O;Na 


(Naphthionic acid) (Benzidine) 


Congo red 


This reaction was not so surprising, for the records 
showed that Griess had described such a combination 
in 1864 (18). But the surprise came at the appearance 
in November, 1884, of two English patents dated 
January 9, 1884, by Griess himself (19). In a footnote 
to one of them he said: ‘The dyes produced by this 
invention mostly possess the valuable property of dyeing 
cotton goods without the use of mordants.” The dis- 
covery of Béttiger differed from that of Griess only in 
this: Béttiger coupled tetrazotized benzidine with 
naphthionic acid, while Griess used tetrazotized benzi- 


Naphthionic acid 
Naphthionic acid 


Salicyclic acid 
Salicyclic acid 


Phenol 
Salicyclic acid 
1-Amino-2-naphthol-3,6-disulfonic 


acid (H acid) 
Salicyclic acid p-Nitraniline 


Green 


a-Naphthylamine — 1,8-Dihydroxynaphthalene- 
4-sulfonic acid Blue 
1,8-Dihydroxynaphthalene-4-sulfonic acid 


Figure 3. Azo Colors from Benzidine 
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bore witness to his priority but he brought forth no 
claim. Congo red is now used as an indicator in acid- 
base titration and the tetrazotized benzidine molecule 
has formed the nucleus for many beautiful azo colors 
(20) (Figure 3). 


FUNDAMENTAL RESEARCH HIS CONSUMING 
INTEREST 


There are a remarkable number of preliminary notices 
by Peter Griess in the literature which describe observa- 
tions other than those of the diazo compounds. In this 
list belong the nitro and amino derivatives of the 
phenols; the sulfonic acids of benzene, naphthalene, 
and the benzidines; a-naphthol, and the reactions of 
urea and cyanogen with different amino acids. He was 
the first to prepare the aromatic halogens by his diazo 
reaction, later improved upon by Sandmeyer (21). At 
the brewery he recognized the presence of choline in hops 
and beer and published a series of articles in collabora- 
tion with G. Harrow, his successor at Allsopps (22). 
His position as a chemist in an English brewery pre- 
sented many problems to be solved, especially in the 
study of carbohydrates and fermentation processes. 
In a series of papers he explained the reactions of aro- 
matic amines with the sugars: glucose, galactose, malt- 
ose, and arabinose (23). One of the last publications 
he worked on was: “The Application of the Diazo 
Compounds of Organic Matter in Water (24). By this 
test, traces of normal animal and human urine, as well 
as diabetic urine, could be detected in water. 

His many scientific publications constitute only a 
small part of abundant observations, for Griess investi- 
gated every phase of the diazotization process. His 
papers were models for the dye engineer, showing him 
how to observe, to detect deceptions, to protect himself 
from generalizations, and they referred not only to 
numerous examples, but to anticipated compounds as 
well. 

Peter Griess laid his researches open to the dye 
industry, claiming no honors for himself. He had 
taken up voluntarily his daily burden of work as 
investigator in the treasury room of the unknown. 
Although not of a very prepossessing stature, he dressed 
with meticulous care, which could not have been said of 
him in the Hofmann days. He was now making a sub- 
stantial salary in the brewery business and decided not 


to leave England until the education of his children had 
been completed. Each Christmas time saw his return 
to his native village at the foot of the Meissner moun- 
tains, where he played as a boy in his father’s smithy, 
and where his parents lay buried. Here he distributed 


_ baskets to the needy and here he planned to return some 


day to work quietly on his pet researches. After the 
death of his wife in 1886, Griess spent each vacation at 
the seashore with his children. In the summer of 1888 
he chose to go to Bournemouth on the Hampshire coast, 
and died there suddenly of a heart attack on August 
30th. He was in his sixtieth year. 

One must never forget that Peter Griess was a beer 
brewer, when reading his monumental contributions to 
the field of scientific dyestuffs technique. In him we 
meet an unusual man, who from an inward urge gave all 
his leisure hours to the solution of scientific and tech- 
nical problems, expecting no public recognition. His 
close friend, Heinrich Caro, wrote of him after his 
death: ‘The dye industry mourns that Griess no longer 
belongs to it, for his services ever increased its great- 
ness.” 
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SOME FACTS ABOUT TOP TALENT 


Wuat was the fate of the high school students who failed to win an award after taking the com- 
petitive examination for the National Merit Scholarship Corporation’s first program in 1956? 
Of the 58,158 participants, 556 were granted scholarships. An additional 4,226 for whom funds 
were not available were awarded Certificates of Merit in recognition of their abilities. There is 
now valuable information available on the fate of the latter group (reported by John L. Holland 
and John M. Stalnaker in the October 1957 issue of Journal of Higher Education—‘‘An Honorary 
Scholastic Award’’). 

The information was secured by means of a survey conducted ten months after the awards 
were made. Responses were obtained from 73% of the group of 4,226. One of the striking facts 
revealed was that only 40 of the respondents (1%) reported that they were not then attending 
colleg:. Of these, 19 expected to attend in the near future. Of the responding group 65% of the 
men received some scholarship help and another 27% received other forms of financial aid. No 
scholarship aid was given to 33% of the group. 

This information strongly suggests that where talent has been identified, it is appreciated and 
encouraged. 
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ANALOGUES OF THE AMMONIUM COMPOUNDS 
IN PERIODIC GROUPS FIVE, SIX, AND SEVEN 


Tue ammonium salts are the best known representa- 
tives of a large genus of compounds with the following 
characteristics. The positive ion consists of a central 
atom, which may be an element of the nitrogen or 
oxygen group, or a halogen, surrounded by ligands 
which are hydrogen atoms, organic radicals, or some 
combination of these. The elements of the nitrogen 
group take on four ligands, those of the oxygen group 
three, and the halogens two. All these “‘onium’’ ions, 
as they are often called, have a single positive charge, 
and in all of them the central atom has built up its 
electron number, by combination with the ligands, to 
an inert gas number, there being always an octet of 
valence electrons. Other examples are the phospho- 
nium salts (containing PH,+), the hydronium salts 
(H;0*), the trimethyl sulfonium salts (Me,S*) and 
the diphenyl iodonium salts (Ph.I+). A great part 
of our knowledge of these compounds dates back many 
years. There have, however, been a number of recent 
developments in the subject which, in the writer’s 
opinion, justify the presentation of this short review. 
Among these are the discovery of the aryl bismuthonium 
salts and of the triaryl oxonium salts, structural studies 
of the hydronium compounds, and theoretical work 
on the hydronium ion in solution. A further justi- 
fication is the strong current interest in the applications 
of the onium salts, which is giving rise to hundreds of 
journal papers and patent applications annually. 
Most of these cover organo-substituted ammonium 
salts, which are under investigation as drugs, anesthet- 
ics, disinfectants, fungicides, plant growth regulators, 
detergents, flocculating agents, rubber fillers, gasoline 
and fuel oil additives, etc., and for polymer production. 
Phosphonium and arsonium salts are being studied to 
a lesser degree as drugs, and stibonium compounds as 
analytical reagents. A complete account of this sub- 
ject would require at least a large book. No more will 
be done here than to survey some aspects, of the pre- 
parative and physical chemistry of the onium salts, 
with emphasis on recent discoveries, and on some 
regularities in properties which have not received 
sufficient notice in textbooks. 

In order to limit the material to be covered, the 
chemistry of the pyridinium, pyroxonium and similar 
salts containing double-bonded nitrogen or oxygen 
will be omitted. 


CONSTITUTION AND CHEMICAL PROPERTIES 


The table summarizes the types of compounds 
known in which the ligands are hydrogen atoms, hy- 
drocarbon radicals, or both. The numbers 0, 1, 2, 
etc., indicate how many ligands in the “onium” ion 
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can be hydrocarbon radicals. For example, the ios 
PH,*, PH;R+, PH;R2+, PHR;+, and have been 
reported. It will be noticed that only the fully su)- 
stituted salts of antimony, bismuth, sulfur, seleniuin, 
tellurium, chlorine, bromine, and iodine have been 
made, and that no unsubstituted arsonium salts exist. 
No bismuthonium compounds were known until 
1952, when the extremely unstable tetraphenylbis- 
muthonium chloride and bromide (decomposing at 
room temperature) were prepared by the skillful ex- 
perimental work of Wittig and his group (41). Chloro- 
nium and bromonium salts containing two separate 
ligands were not obtained until 1955 (26), though cyclic 
salts of this type were described in 1952 (30). Polo- 
nium and astatine are not known to form “onium” 
salts, but may well be capable of doing so. 

A great variety of hydrocarbon radicals, and also 
other types of organic substituents, can be introduced, 
and the substituents need not all be alike. A chelating 
group may fill two ligand positions. The substituents 
can all be phenyl groups, except in the ammonium ion. 
No quaternary ammonium compounds containing more 
than two directly linked phenyl groups have been 
prepared. (There is, however, a compound between 
triphenylamine and perchloric acid, which may be 
[(CsHs)sHN ]*+ClO,—). It isconceivable that the nitro- 
gen atom may be too small to accommodate four 
phenyl groups around it, but it seems likely that a 
new preparative approach might yield the tetraphenyl- 
ammonium compounds, especially when one remembers 
that the isostere of tetraphenylammonium, tetra- 
phenylmethane, has been known for many years and 
is exceptionally stable. 

When they can be prepared at all, the fully arylated 
“onium” compounds are usually more stable than the 
corresponding fully alkylated compounds. 

Mention must be made here of a large group © 
compounds obtained by the addition of halogens to 
tertiary phosphines, arsines, and stibines, and to 
thio-, seleno-, and telluro-ethers, such as the subst:iice 
(CHs;)2SBre. Although these compounds are 
drolyzed by water and are not always regarded as 
salts, recent work (5) on (CH;)2SBrz has shown that 
it is a good conductor in liquid sulfur dioxide solut'on, 
and that it will undergo double decomposition in 


Number of Organic Ligands in Onium Salt Cations 
(All additional ligand positions are occupied by hydrogen 
0 . 
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methanol to give unstable compounds such as (CHs)2- 
SBrClO, and (CH;)SBrBF,. Thus (CH;)SBr2 is a 
sulfonium salt with bromine ligand, [(CH;)SBr]+Br-, 
and the selenium and tellurium analogues should prob- 
ably be similarly formulated. The compound (CHs3);- 
NBre, formed by addition of bromine to trimethyl- 
aiine, probably contains an ammonium ion with one 
ligand position occupied by bromine [(CH;);NBr]+. 
There is evidence that the so-called salts of trimethyl- 
amine oxide and the Group V analogues, such as 
(CH;);NO-HCl, should be formulated as onium salts 
with OH ligands, e.g., [(CH;);NOH]+Cl- (16, 21). 
More work on the structure of these compounds is 
needed. 

There is little doubt that all the substances covered 
by the table are really ionic compounds, except for a 
few doubtfully constituted “oxonium” compounds 
which will be discussed later. The evidence is as 
follows: 

The nitrogen compounds cannot even be formulated 
as fully covalent without exceeding the octet of va- 
lence electrons for nitrogen, which is not known to 
happen in any other compound. This restriction does 
not apply to the heavier elements of the nitrogen and 
oxygen groups, or to chlorine, bromine, and iodine, 
and fully covalent structures are formally permissible 
here, yet the physical evidence indicates that these com- 
pounds, as well as the nitrogen ones, are really ionic. 
Firstly, the solubilities show ionic character; water, 
liquid ammonia, and lower alcohols are the best sol- 
vents, acetone is worse, and the substances are usually 
only slightly soluble in ether and benzene. (Chloro- 
form, however, dissolves the tetraphenylphosphonium, 
arsonium and stibonium compounds readily, also other 
phenylated ‘‘onium”’ salts.) Secondly, the solutions 
are good electrical conductors, and undergo instan- 
taneous metathetical reactions with, e.g., silver nitrate, 
just like solutions of sodium salts. Diphenyliodonium 
iodide, (CsHs)2Tl2 exchanges half its iodine instantane- 
ously with radioactive iodine ion in aqueous solution 
(17), whereas the other half will not exchange even 
under drastic conditions: this is just what one would 
expect for an “onium” salt, [CsH;—I—C,H;]tI-. 
Thirdly, the compounds of colorless anions are them- 
selves nearly colorless, which seems to rule out any 
pronounced degree of covalent binding of the anion; 
for instance, triphenyltellurium bromide is colorless 
though tetraphenyltellurium is yellow and tellurium 
tetrabromide is red. Even the iodides are practically 
colorless. 

The bases from which the partially substituted and 
unsubstituted salts are derived are all weak, so that 
the salts are hydrolyzed in aqueous solution to various 
degrees; the hydrolysis is, for example, slight with 
ammonium salts, but more marked in the phosphonium 
series, indeed almost complete with the unsubsti- 
tuted phosphonium salts. In contrast, the bases from 
Which the fully substituted salts are derived are all 
very strong, being fully dissociated like the alkali 
hydroxides. They are made in solution by treating 
the iodides with silver oxide. Sidgwick (32) explained 
the great jump in base strength accompanying the 
substitution of the last hydrogen atom by the fact 
that hydrogen bonding of the cation to the hydroxyl 
ion then ceases to be possible. 
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Many of the “onium” ions share the unusual char- 
acteristic of giving sparingly soluble salts with a variety 
of large oxyanions, such as ClO,~, MnQ,-, and also 
with large chlorocomplex ions such as 
etc. There have been a number of applications of 
this property to analysis (38). 

The bond configuration in the nitrogen group ions is 
tetrahedral: this has been proved by X-ray diffrac- 
tion studies on the crystals of tetramethyl ammonium 
salts (8), by the Raman spectra of ions of this group 
in aqueous solution (33) and by the optical resolution 
of the compound 


H CH:—CH; CH.—CH: H 


vA 


H.—CH, CoOoC:H; _|Br- 


which would not be possible if the configuration were 
planar or square pyramidal (25). The bonding orbitals 
of nitrogen (+) are sp* hybrids, as in the isosteric neu- 
tral carbon atom. The oxygen group “onium” ions 
are presumably pyramidal in shape, like the isosteric 
ammonia molecule. The only direct evidence for this 
appears to be the fact that sulfonium ions containing 
three different organic radicals are optically resolvable, 
which would not be the case if the structure were 
planar (27). Since the orbitals available for bonding 
in divalent iodine (+) are like those in divalent oxygen 
and sulfur, the two carbon-halogen bonds in the halo- 
genonium salts are probably nearly at right-angles. 
The existence of unusually stable chelate halogenonium 
ions (22), such as 


which could not be formed without strain if the bonds 
from the halogen were collinear, supports this belief. 


PREPARATION 


The following is a summary of the most important 
methods of preparation of the ‘‘onium”’ salts. 

(1) For all compounds containing hydrogen as a 
ligand, the acid may be directly combined with the base; 
this can be done in the vapor state, or, if the salts are 
not too extensively hydrolyzed, in aqueous solution. 


Examples: 


vapor 
NH; + HCl ———— [NH,]*Cl- 
or solution 


vapor 
PH, + HI -——— [PH,]*I- 
only 


vapor or 
CH;NH: + HCl -——— [CH;NH,] *Cl- 


solution 


vapor at 
low temps. 


vapor or 
(CH;);N + HCl -——— > [(CH;);NH] *Cl- 


solution 
Reaction is usually instantaneous if the conditions 
of temperature and pressure are such that the product 
compound can exist; however, it is well established 
that the combination of ammonia and hydrogen chlo- 
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ride is very slow in the complete absence of moisture 
(15). 

(2) For compounds in which the ligands are all 
alkyl radicals, or are a mixture of alkyl and aryl radi- 
cals, the combination of alkyl iodide or sulfate with 
alkyl or aryl nitrogen, sulfur, etc., is a general method, 
e.g., 

(CHs)3N + CH;I [(CH3)4N] 
(CH3)2S + CH;I — [(CHs);S] tI- 


Reaction often takes place slowly on mixing the 
reactants at room temperature, but sometimes heating 
is required. The iodides form most easily, and can 
be used as a starting point for preparation of other 
salts by metatheses in aqueous solution. 

(3) Method (2) does not work with aryl iodides; 
for fully arylated compounds, syntheses by the Grig- 
nard or Friedel-Crafts methods are often employed, 


e.£., 


AICI 
(C,H;)SeCh + CoH, ———>[ (CeH);Se] *Cl- + HC] 
(CeHs)3AsO + CsH;MgBr ———> [(C,H;),As] + 


The starting materials for these methods are readily 
accessible. The action of phenyl magnesium bromide 
on phenyl iodide chloride (PhICI:) does not, however, 
give a good yield of aryl iodonium salts; the best 
route to these compounds is the following: 

(4) Masson and Race’s (23) synthesis of iodonium 
salts. 


cone. H.SO, 
—— [Ar.I +HSO,- 
i solution 
acid and other products 


HIO; + 2ArH + H,SO, 
iodic 


(5) Tetraphenyl bismuth chloride, bromide, ni- 
trate, and perchlorate have only been obtained (Wittig, 
1952) by the following sequence based on the use of 
phenyl lithium, and giving as intermediate the re- 
markable compound pentaphenyl bismuth (4/): 


CHCI; 

(CeHs)3Bi Ch (CeHs)3BiCl. 
soin. 
—5°C, 


ether 
(CsHs)3BiCl, + 2C,H;Li (CeH;);Bi + 2LiCl 


ether 
(CeHs)sBi + Bre {(CsH;)sBi] *Br~ + C.H;Br 
soin. 
at —70° 


ether 
(C.Hs)sBi + HCl {(CsH;)sBi] *Cl- + 
soln. 
at —70° 
metathesis in aq soln. 
with NaNO; or NaClo, 


[(CeHs)«Bi] *NO;— 

and [(C.H;),Bi] *ClO,- 
Similar sequences, giving as intermediates pentapheny] 
phosphorus (42), arsenic and antimony (39), tetra- 
phenyltellurium (40), and the curious compound tri- 
phenyliodine (CsHs)3I, can be used as routes to the 
phenylated “onium” salts of these elements; the 
method does not work with sulfur and selenium. 

(6) The heterolytic decomposition of aryl diazonium 
fluoborates has recently been developed as a powerful 
method of supplying aryl radicals for the formation of 
onium salts (26). The diaryl chloronium and _ bro- 
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monium salts, and the triaryl oxonium salts, were 
prepared for the first time in this way by Nesmeyaniy 
and co-workers: 


+ [C.HsNo] *BF.- > [(C,Hs)sBr] *BF,- + 
+ *BF,- [(C.H;),0] *BF,- + N; 


(7) None of the preceding methods has been fow d 
suitable for the preparation of trialkyl oxonium sal), 
Meerwein and collaborators in 1937 (24) first obtain d 
trimethyl and triethyl oxonium borofluorides by t ie 
action of epichlorhydrin on the addition compound of 
boron trifluoride with methyl or ethyl] ether. 


2Et,0 + 3CICH,.CH—O—CH; + 4Et,0.BF; > 
3[Et,;0] *BF,- + [EtOCH2(CH.Cl)CHO]. B 


Klages and Meuresch (20) more recently obtained 
the chloroantimonates of [(CH;);0]* and [(C2H5);0|+ 
by methylating with diazomethane or diazoacetic ester 
the dialkyl] oxonium chloroantimonates, [(CH3)2OH |+- 
SbCl,~-, and [(C:Hs)2OH]+ SbCle-. (The latter com- 
pounds form easily by combination of HCl with the 
etherate of SbCl;.) A number of other trialky] oxo- 
nium salts of complex anions have been made by similar 
methods, the simple halides apparently do not exist. 


HYDRONIUM ION, H;0O+ 


The H;O0+ ion has been called “hydronium,’’ “hy- 
droxonium,” and “oxonium.” Today the preferred 
usage seems to be “hydronium” for H;0+, and ‘oxo- 
nium” for the whole genus of positive ions contain- 
ing oxygen as central atom (H;0+ therefore being a 
specific example of an oxonium ion). The great im- 
portance and somewhat atypical behavior of these 
substances justify their separate treatment. 

The existence of H;0* in solutions of acids was first 
postulated about the turn of the century, and physical 
chemists have long been in the habit of writing ‘“H;0*+” 
for aqueous hydrogen ion; yet it is only in the last 
decade that full experimental proof of the existence of 
this ion in solid compounds and in solution has been 
brought forward. This evidence will now be summa- 
rized. 

A number of acid hydrates in the crystalline state 
are now known to be hydronium salts. Volmer in 
1924 (37) noticed that the X-ray diffraction patterns 
of ammonium perchlorate and “perchloric acid mono- 
hydrate” (m.p. 50°) were indistinguishable; he there- 
fore formulated the latter substance as hydronium 
perchlorate [H;0]+ClO,-. Hantzsch (14) in 1132 
elaborated the idea that acid hydrates might be |iy- 
dronium salts. Recently the infrared absorp‘ ion 
spectra of the solid “monohydrates” of HClO, «nd 
HNC;, (3) HCl, HBr, and HI (//) have been obser. ed; 
they show the expected four fundamental frequen ‘ies 
for pyramidal H;0+ but none of the frequencies ¢'\:!- 
acteristic of the hydrogen halide or water separa‘ ly. 
These compounds must therefore be formulate: as 
hydronium salts. The Raman spectrum of slid 
perchloric acid monohydrate contains similar re- 
quencies attributed to H;0+ (36). To elinch the 
matter, the nuclear magnetic resonance spectr: of 
the monohydrates of nitric, perchloric, and suliiric 
acids show that there is only one proton-proton lis- 
tance in these compounds (28, 19); this again poin'~ to 
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the presence of the ion H;O+ with a pyramidal struc- 
tire. The same work, however, has shown that oxalic 
a id dihydrate is not a hydronium salt but a true acid 
hydrate. 

The infrared vibration frequencies of H;O0+ have 
at last been definitely detected in aqueous solutions 
of mineral acids (/3), after a long period of doubt and 
co itroversy over the existence of H;O0+ in solution. 
In addition, a recent theoretical study of Bockris, 
Conway, and Linton (4) has finally removed a long- 
st: nding difficulty in explaining the anomalously 
hich mobility of H* in acid solutions on the postulate 
of H;O+, which had caused some people to express 
di-belief in this ion (9). The high mobility cannot 
arise from migration of H,;0*, for H;O+ is about as 
large as K+ or NH,* and should have no greater mo- 
bility than these. Bernal and Fowler, in a classical 
in\estigation (2), had shown that one could explain 
the high mobility of H*+ by means of a chain transfer 
mechanism of protons from water molecule to water 
molecule, each H,O in turn becoming an H;O+ ion; 
they had also, however, calculated that D+ should 
have a normal mobility, a prediction which experiment 
later failed to confirm. In explanation, Bockris, 
Conway, and Linton (4) argue that the rate deter- 
mining step in the migration of H*+ or D+ by chain 
transfer is not the actual proton or deuteron jump 
as Bernal and Fowler supposed, but the orientation of 
the receptor water molecule into a suitable position to 
accept the proton or deuteron. This theory explains 
quantitatively all the experimental data on water 
and heavy water solutions, and also accounts for the 
fact that the hydrogen ion in liquid ammonia (analo- 
gous to H;O* in water) does not have an abnormally 
high mobility. According to their picture, the pro- 
tons in an acid solution migrate randomly, spending 
on the average about 99% of their time attached to 
water molecules and 1% in transit by “tunneling.” 

The energy set free by the combination of a proton 
with a water molecule in the gaseous state is so great 
(182 keal. per mole, from the application of the Born- 
Haber cycle to hydronium perchlorate (31)), that no 
appreciable concentration of uncombined protons can 
exist in aqueous solutions. The total solvation energy 
of a proton in water solution is about 260 kcal. (6); 
the excess over 182 kcal. is presumably due to the 
solvation of the H;0* ion itself by further water mole- 
cules, 

The following quotation from Stokes and Robinson 
(35) very adequately sums up present knowledge of 
the hydrogen ion in aqueous solution: 


The familiar formula H;O0+ is no more than a statement that 
at any given moment the proton must be on one water molecule 
or another; it is quite likely that its presence would lead to an 
intensification of the temporary bonds of that molecule to its 
neig!ibours, so giving the hydrogen ion a large thermodynamic 
hydration number. 


OTHER OXONIUM SALTS 


Cur information on the organo-substituted oxonium 
salt- is far from complete, and previous to the isolation 
of ‘rialkyl oxonium borofluorides by Meerwein in 
193° it was rudimentary. A number of trialkyl 
oxo:'ium salts with large complex anions (e.g., AlIC]~, 
FeC|,-, BF,-, SbCl,—) has now been described. They 
are salt-like crystalline solids: [(C:Hs;);0]+BF,-, for 
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example, melts at 92° and dissolves in liquid sulfur 
dioxide to give a conducting solution. They differ 
from all the other fully substituted onium salts in 
the group under discussion in being decomposed by 
water (although the trialkyl oxonium bases are strong 
(24)); the products are ether and alcohol. 

The recently described triary] oxonium salts, on 
the other hand, are stable in aqueous solution and to 
heat (26): for example, (CsH;);0Br decomposes at 182°, 
whereas the trialkyl oxonium bromides are apparently 
too unstable to exist. 

Coming now to di-substituted oxonium salts, Klages 
and Meuresch have described several, such as [(CHs):- 
OH]*SbCl,-, which resemble the trialky] salts in 
properties. The addition compounds between dialky] 
ethers and hydrogen halides (e.g., (CH3),0-HCIl, 
m.p. —92°, b.p. —2°) have often been regarded as 
dialkyl oxonium salts. They may be such in the solid 
state, but the fact that a solution of HCl in dry ethyl 
ether is a very poor conductor suggests that they are 
little ionized in the liquid state. A more satisfactory 
formulation which accounts both for this fact (78) 
and for the fact that (CH;)sO-HCl is incompletely 
dissociated in the vapor (12), is the hydrogen-bonded 
structure. 


Considering, finally, mono-substituted oxonium salts, 
it seems quite likely that the addition compounds of 
lower aliphatic alcohols with HCl and HBr, which 
can be crystallized at low temperatures, belong to this 
category. Solutions of HCl in methanol and ethanol 
conduct the current well, and their conductivity can 
be explained by a proton transfer mechanism analogous 
to that in water solution, the H+ being present as an 
oxonium ion (4). 


{(CH3)OH,] or [(C2H;)OH2] * 


Many oxygenated organic compounds, including 
alcohols and ethers, in solution in concentrated sulfuric 
acid or anhydrous hydrogen fluoride, display conductivi- 
ties and freezing point depressions which point to 
the formation of oxonium ions by acceptance of pro- 
tons from these powerful donor solvents (7). 


THERMAL STABILITY 


A survey of the scattered and often unreliable data 
on the thermal stability of these salts reveals regularities 
which deserve to be pointed out, though they cannot 
be fully explained at present. We shall consider only 
compounds of fairly stable anions, such as the halides 
and bisulfates, not those in which the anion is thermally 
unstable or strongly oxidizing, such as the dichromates 
and nitrates. When heated, the great majority of 
salts of the former type vaporize and at the same time 
dissociate, e.g., 

NH,Cl = NH; + HCl 
PH,I = PH. + HI 
(CH;),SI (CH;).8 + CHsl 


Dissociation is complete in the vapor (7, 29); the 
solid salt re-forms when the mixed vapors are cooled. 
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In contrast, the fully arylated onium salts are mostly 
recorded as simply “melting”; nothing is known of 
the constitution of the melts. 

For several of the salts which dissociate reversibly 
we possess vapor pressure curves (29, 34) and for many 
others approximate decomposition (i.e., sublimation) 
temperatures have been recorded (43). Two generali- 
zations can be made about these data: 

(1) The sublimation temperature at, say, one at- 
mosphere, increases with the strength, or proton affin- 
ity, of the base from which the salt is derived. Figure 
1 shows, for example, how much more stable are the 
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Temperature, °C. 


HSO, ClO; Br ONT 
1 l 


i 1 
0.3 
Z/r? for Anion 
Figure 1 
Temperatures at which ammonium and phosphonium salts have a vapor 
pressure of one atmosphere (open circles). Melting points of hydronium 
salts (shaded circles). (Plotted against electric field strength at anion sur- 
face.) 


ammonium salts than the corresponding phosphonium 
and hydronium salts, which are on the borderline of 
existence at room temperature; phosphine and water 
are much weaker bases than ammonia, as shown by 
the fact that the equilibria 


H,O+ + NH; = NH,+t + H:O 
and 
H.O + PH,+ = PH; + H;0+ 


both lie far to the right. 
Figure 2 shows how successive methyl] substitutions 
in phosphonium chloride raise the sublimation tem- 


Temperature, °C, 


2 3 
Number of Methyl Groups 
Figure 2 
Temperatures at which phosphonium chloride and its methyl substitution 
products have a vapor pressure of one atmosphere. (The temperature for 


h 


yl phosp ium chloride is only approximately known.) 
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Decomposition Temperature, °C. 
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Figure 3 

Decomposition temperatures of fully methylated onium salts of nitrogen, 
sulfur, selenium, and tellurium plotted against electric field strength at anion 
surface. (There are insufficient data on P, As, Sb, and I compounds for 


plotting.) 


perature; methyl substitution in phosphine and in 
ammonia is known to increase the base strength (32). 
In the case of arsine, substitution makes the existence 
of arsonium salts possible; arsine itself has no basic 
properties, but the methyl arsines are reported to form 
very unstable “addition compounds,” i.e., arsonium 
salts, with HBr and H,SO, (10). With stibine and 
hydrogen sulfide, selenide, and telluride, however, 
even full substitution of the hydride with alkyl groups 
does not confer enough base strength to make possible 
the formation of salts with hydrogen ligands. 

The following general explanation of this effect 
can be given for salts in which the cation contains a 
hydrogen ligand. Whatever may be the detailed 
mechanism of their decomposition, its ultimate effect 
is the transfer of a proton from cation to anion. ‘The 
energy required to remove the proton from the cation 
must be an important part of the net energy require- 
ment of the dissociation reaction. The greater the 
proton affinity of the base, the more energy is required 
for this purpose and the higher the dissociation tem- 
perature. 

(2) Figures 1 and 3 show that there is, in each 
series of salts of a given cation, a tendency for the 
decomposition temperature to drop as the electric 
field strength at the anion surface increases. This 
statement should not be taken too seriously—tlicre 
is at least one case, ammonium cyanide (sublining 
near room temperature) which falls badly out of line— 
but it is a useful rule of thumb. Experimenters with 
this and similar families of compounds are well aw :ire 
of the fact that an unstable cation forms the most 
stable salts with large, weakly charged anions, «nd 
vice versa. For instance, Meerwein, Klages, «nd 
Meuresch succeeded in making trialkyl oxonium 
antimonates, chloraurates, etc., when even the iod les 
could not be isolated. Similarly, the polyha ide 
anions, such as I;~ and BrCl,.~, attain their grea est 
development and stability in association with 
Cst, [(CH3)s4N]*+ and other large organic cations. It 
is unlikely that any single factor is responsible ior 
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this regularity; however, the following seem worth 
considering as possible causes. First, small, highly 
charged anions would tend to polarize the cation 
strongly, upsetting the symmetry of its hybridized 
bonding orbitals, and so reducing the strength of the 
bonds between central atom and ligands. Second, 
the energy set free when an anion combines with a 
proton or positive alkyl radical from the cation is 
gratest, in general, for small, highly charged anions, 
so that the presence of these would tend to reduce the 
ne’ energy requirement for decomposition. 
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ESTIMATION OF AVOGADRO’S NUMBER 


Ix INTRODUCTORY courses in college chemistry the 
concept of molecular weight and atomic weight can 
be illustrated by well-established laboratory experi- 
ments or classroom demonstrations. After demonstra- 
tion or laboratory work with the properties of gases it 
is not difficult to introduce the first postulate of the 
atomic molecular theory, ‘Matter is composed of 
small particles called molecules.” 

A natural question which follows this postulate is, 
“What is the size of a molecule?” For the mature 
chemist this question has been answered by study of 
the various ways for estimation of Avogadro’s number. 
For the beginning student, however, the size of mole- 
cules and the magnitude of Avogadro’s number is 
usually presented as something to be accepted now 
and justified later. 

It seemed to us that the estimation of Avogadro’s 
number and molecular size was of sufficient interest 
to the beginning student to be incorporated in the 
laboratory of the first year college course. With this 
in mind an experiment for determination of the thick- 
ness of a monomolecular film was adapted for use by 
beginning students in the laboratory. The data ob- 
tained from this experiment were used to estimate 
Avogadro’s number. 


DIRECTION GIVEN TO STUDENTS 


In this experiment a direct measurement of the size of a mole- 
cule is made. To do this a known volume of oleic acid is spread 
on a water surface and the area of the surface film is measured. 
From the area of the surface film and the volume of the oleic acid 
in the film it is possible to calculate the thickness of the film. It 
will be evident that the film (if it exists) must be at least one mole- 
cule thick. From the film thickness, the molecular weight, and 
density of the oleic acid in the film it is possible to calculate 
Avogadro’s number “‘N,”’ if one asswmes some reasonable shape 
for the molecule and that the film is one molecule thick. 


Figure 1. Tray with Monomolecular Film in Place 


An Experiment for General Chemisty 
Laboratory 


L. CARROLL KING and E. K. NEILSEN! 
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Apparatus 


The apparatus for measurement of the film area is a shallow 
black-bottomed tray 15 X 35 cm., supported on leveling screws 
(Fig. 1). The tray is coated with hard paraffin and filled with 
clean water until the level is above the edge of the tray. The tray 
is provided with a 17- x 3- x 1-cem. lucite barrier for cleaning the 
water surface. 


Procedure 


(1) Obtain a sample of oleic acid and measure its density. To 
do this place 2.0 ml. in a graduate cylinder and weigh it. 

(2) Determine the molecular weight of the oleic acid. To do 
this weigh a sample, about 0.400 g., dissolve it in alcohol and 
titrate to a phenolphthalein end point using standard sodium 
hydroxide solution. (Assume the combining weight obtained to 
be the molecular weight for oleic acid.) 

(3) Place two drops, about 50 mg., of oleic acid in a clean 
beaker, and determine the exact weight of the acid. Dissolve 
the oleic acid in pentane, transfer quantitatively to a 500-ml. 
volumetric flask and make up to 500 ml. with pentane. 

(4) Using the barrier, clean the surface of the water on the 
measuring tray,? cover the surface with oxidized piston oil*®* and 
dust with lycopodium powder.’ 

(5) Using a graduated pipet, place exactly 0.10 ml. of the 
solution of oleic acid in pentane on the surface of the tray, allow 


1 Present address: Kraft Foods Company, Glenview, Illinois. 

2 For this operation some individual instruction is usually 
necessary. After the surface has been swept clean the barrier is 
left in position and used for adjusting the color of the piston oil 
film. 

3 A droplet of oxidized oil may be transferred to the water sur- 
face by touching it with a 0.5-mm. glass rod previously dipped 
in the piston oil preparation. Piston oil is added or the barrier 
is moved until the color of the oil film is green. Such a film has 
been shown to have a tension of about 20 dynes/cm. 

4 The piston oil is prepared from a good grade of lubrication oil 
heated to 300°C. for 8 hours or until it spreads as a monol:yer. 
See Buovcert, K. B., J. Am. Chem. Soc., 56, 495 (1934); also 
57, 1007 (1935). 

5 Available at most drugstores. The lycopodium powder is not 
absolutely necessary but it makes the surface easily visible. 


Figure 2. Method for Outlining Film Area on a Glass Plat« 
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Figure 3. Method for 
Estimating Area of the 
Monomolecular Film 


the pentane to evaporate, and determine the area of the residual 
oleic acid film. The oleic acid film is easily visible since it will 
push back the oxidized piston oil and lycopodium powder and 
form an approximately circular area on the tray. The area of the 
oleic acid film may be conveniently measured by outlining the 
film on a glass plate, transferring the outline to a piece of graph 
paper graduated in millimeters, and counting the squares.* 


Calculations and Interpretations 


(1) Calculate the mass (weight) of oleic acid in the film. 

(2: Calculate the volume of oleic acid in the film. For the 
oleic acid, assume that the density in bulk and the density in the 
film are identical. 

(3) Calculate the thickness of the oleic acid in the film. 

(4) Calculate the volume of one molecule of oleic acid. To do 
this you will have to assume that the oleic acid film is one molecule 
thick, and you will have to assume some shape for the molecule. 
The simplest assumption will be that the oleic acid is a cube. 

(5) From the density and molecular weight of oleic acid in 
bulk calculate the volume of 1.0 mole of oleic acid. 

(6) Calculate Avogadro’s number “‘N.”’ 

(7) Compare your value for “N” with the accepted value. 
List all sources of error in the above experiment, consider all 
assumptions used in the calculation, and try to account for the 
difference between your value and the accepted value for “‘N.”’ 

(8) Now assume that the oleic acid molecule is shaped like a 
rectangular solid twice as long as it is wide. Calculate the volume 
of one molecule of the oleic acid and from this Avogadro’s num- 
ber 

(9) Optional. Repeat the above calculations assuming the 
oleic acid molecule is a cylinder of lengt: four times the radius 
and that the molecules in the film are close-packed. 


STUDENT RESULTS 


When conducting this experiment in the laboratory 
the student was provided with a good grade of oleic 
acid.’ Values reported for the density measured by 
the method suggested varied from 0.863 g./ml— 
0.949 g./ml. at room temperature with most of them 
in the range 0.88 g./ml.—0.90 g./ml. This variation 
is of little consequence in the final determination. 
Values reported for the combining weight (molecular 
weight) of the oleic acid varied from 272-294. Oc- 
casionally values of 282, the theoretical, were reported. 

In item (3) of the procedure the student was told to 
weigh accurately two drops of oleic acid. This is 
both possible and practical on the equipment available 
in this laboratory. Where less precise equipment must 
be used, the student might weigh a larger amount and 
adjust the concentration by proper dilution. In 
any event the mass of oleic acid used for formation of 
the film should be about 1 X 10~ g. The transfer 
of 0.10 ml. of the solution of oleic acid in pentane to the 
film was easily accomplished by the students after 
instruction on the use of graduated pipets. 

_Using the above techniques, some of the students 


*A number of workers have used a technique very similar to 
this for estimating micro quantities of lipids in biological prepara- 
tions: Gorrner, E., anp F. J. Grenvet, J. Exp. Biol., 41, 439 
1925) Jones, K. K., Science, 111, 9 (1950); BERQUIST, D. H., 
AND F. WELLs, Food Technol., 10, 48 (1956). 

"Purified oleic acid from Fisher Scientific Company. 
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‘fore doing it. 


observed a thickness of 1.3 + 0.3 X 10-7 em. for the 
oleic acid film with most of the values falling within 
the range 1.2 and 1.4 X 10-7 cm. 

The over-all picture of results obtained using this 
experiment is perhaps best illustrated by a display of 
the data recorded by a good student. 


Data 


(1) Weight of graduate and 2 ml. of oleic acid 27.276 g. 
Weight of graduate............... ... 25.531 ¢. 
Weight of 2 ml. of oleic acid... 1.745 g. 
Density of oleic acid............. 0.873 g./ml. 

(2) Weight of beaker and oleic acid. . 45.202 g. 
Weight of beaker......... a 44.750 g. 
Weight of oleic acid... .. . 0.452 g. 
Burette reading after titration... . 16.3 ml. 
Burette reading before titration... ... 0.6 ml. 
Volume of 0.101 M NaOH solution... 15.7 ml. 
Moles of NaOH solution......... 0.00158 
“Molecular weight” of oleic acid. 286 

(3) Weight of beaker and oleic acid... . 44.791 g. 
Weight of beaker. . sok 44.747 g. 
Weight of oleic 0.044 g. 

(4) Volume of pentane solution of oleic acid.. 500 ml. 
Volume of pentane solution on tray. 0.10 ml. 
Area of oleic acid film............. 75 cm.? 


Calculations and interpretations 


(1) Mass of oleic acid in the film 
m = 0.044 g. X 0.10 ml./500 ml. = 8.8 X 10-*g 
(2) Volume of oleic acid in the film 
V = 8.8 X 10~-* g./0.873 g./em.* = 1.01 X em.* 
(3) Thickness of the oleic acid film 
h = 1.01 X 10> ee./75 em.? = 1.35 K 107 em. 
(4) Volume of one molecule of oleic acid, assuming the molecule 
is a cube 
V = (1.35 X 107 cm.)* = 2.46 X 107?! cm.? 
(5) Volume of 1 mole of oleic acid 
= 286 g./0.873 g./em.* = 327 cm.* 
(6) Avogadro’s number 
N = 327 cm.?/2.46 X 107?! cm.* = 1.33 1074 
(7) The number I found was 1.33 X 10%, as compared to the 
actual number 6.023 X 102%. Errors in weighings and meas- 
urements will account for some of the error.. There also was 
probably more or less than 0.1 ml. of the pentane solution of 
oleic acid dropped onto the surface of the water. The meas- 
urement of the area of the film is difficult to determine ac- 
curately and would account for some error. Also you are 
only assuming that the shape of the oleic acid molecule is a 
cube. If it is not, the volume of the molecule would be con- 
siderably different, as would the number determined for 
Avogadro’s number. 
(8) Calculation of Avogadro’s number assuming the oleic acid 
molecule is a rectangular solid twice as long as it is wide 
N = 4 X 327 cm.*/2.46 X 10-*! cm.* = 5.32 X 1078 
(9) Calculation of Avogadro’s number assuming the oleic acid 
molecule is a cylinder of length four times the radius and 
that the molecules are close-packed in the film 
N =4 X 2/1.73 X 327 em.*/2.46 X 10-*! cm. = 6.15 X 

The instructions given to the students were written 
in a general manner with the hope that the student 
would be forced to think through each operation be- 
The lack of detailed instructions elicited 
numerous questions on the procedure and on the 
assumptions made in connection with the calculations. 
Some questions most frequently asked were: 

How do we know that the film is only one molecule 
thick? 

How do you know the density of the oleic acid in 
the film is the same as the density in bulk? 

How do you know the combining weight and molec- 
ular weight of oleic acid are the same? 
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Why do we assume that the oleic acid molecule is a 
cube ora rod? Why not assume it is a sphere” 

Why do we get an answer closer to the accepted value 
when we assume the oleic acid molecule is a rod? 

All such questions were answered with a discussion 
on the nature of theory, an argument for the soundness 
of the assumptions involved, by reference to a good 
source of information on surface films* and by ref- 
erence to a scale model of the oleic acid molecule. 

The principal virtue of the experiment as described 


herein is the preparation of a readily visible mono- 
molecular film with clearly defined edges. This ex- 
periment has been performed successfully in cur 
freshman laboratories for the past three years. The 
student response to it has always been enthusiastic, 
Various modifications have been used for demonstra- 
tion purposes. 


8 ApaM, N. K., “The Physics and Chemistry of Surfaccs,” 
Oxford University Press, London, 1941. 


APPARATUS FOR SEMIMICRO LOW TEMPERATURE 


CRYSTALLIZATIONS 


AN APPARATUS suitable for the crystallization of small 
quantities of materials at low temperatures is described. 
It can be used either to recrystallize solid materials 
from solvents in which the materials are easily soluble at 
room temperature, or to crystallize low melting solids, 
which are liquid at room temperature. Many liquids 
can be purified more easily by a crystallization tech- 
nique than by conventional distillation, especially when 
only small amounts of material are available. Re- 
peated recrystallization of compounds without removal 
from the assembly is also possible. Materials weighing 
from 10 to 200 mg. have been conveniently crystallized 
in the apparatus at temperatures ranging from —10° 
to —60°C. 

The apparatus is easily fabricated from a Biichner 


type funnel with a fritted dise (Corning Glass Works, | 


Inc., Cat. No. 36060, 10-mm. disc, medium porosity) as 
shown in the drawing. 

In use, the assembled apparatus is joined to a drying 
tube or tower at B and to a nitrogen gas tank at A. 
This tank supplies a positive gas pressure to the bottom 
of the fritted disc and prevents the solution from passing 
through during the crystallization. In order to prevent 
a build-up of excessive pressure, an open end u tube 
containing mercury is also joined to the nitrogen source. 
The pressure required is about 2—5 mm. of mercury. 

Before a solution of the material to be recrystallized 
is introduced to the assembly, the disc is wetted with a 
small amount of solvent. This step has been found to 
eliminate clogging of the disc by crystallized materials 
during the subsequent cooling. The unit is placed in an 
appropriate coolant in a Dewar flask, up to point C. 
Temperatures from 0 to —85°C. can be maintained by 
adding pieces of dry ice as required to acetone. Exter- 
nal tapping or rubbing of the assembly with a file aids 
the formation of crystals. The filtration and drying of 
the solids deposited are effected at the same tempera- 
ture by closing off the nitrogen source and applying 
suction from an aspirator at A. 

When the compound has a higher melting point than 
room temperature, the assembly is removed from the 
cooling bath, and the sample is removed. When the 
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compound is low melting, the aspirator is closed off 
after completion of the drying and a positive nitrogen 
pressure is reapplied. The assembly is removed from 
the coolant, and the receiving flask is replaced by a fresh 
flask in which the pure sample is collected by washing 
through the fritted disc. The sample is then isolated hy 
evaporation of the solvent. 

The assembly has proved useful for the recrystalli- 
zation of fatty acids, e.g., C' labeled oleic and el:idic 
acids (melting points 14° and 51°C., respectively). It 
has also been utilized to purify a group of azomethines, 
e.g., benzalaniline, in order to determine molecular ex- 
tinction coefficients in the ultraviolet region. ‘ince 
these compounds were found to be susceptibl: to 
hydrolysis, the usual procedure of recrystallizing ‘rom 
water could not be employed. It was desirable, t/iere- 
fore, to recrystallize the compounds from isooctane, 4 
solvent in which the compounds were easily solul)e at 
room temperature. The recrystallizations were ca°ried 
out at —10° to —30°C. without difficulty in the de- 
scribed apparatus. 
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TITRATION ERROR IN POTENTIOMETRIC 
PRECIPITATION TITRATIONS 


Koursorr and Furman! have published mathematical 
formulations of the titration errors occurring in poten- 
tiometric precipitation titrations together with support- 
ing experimental data. However, their derivations, 
which are based on the use of equivalent concentrations, 
become unnecessarily complex when applied to the 
general case. In addition, the typographical errors 
which appear in the published version detract from the 
utility of the material presented. It seems desirable 
to present derivations based on the use of molar 
concentrations, as it is this type of concentration that 
is involved in the Nernst equation. Although some of 
the material presented here duplicates that published 
by Kolthoff and Furman, it seems worthwhile to have 
the complete set of derivations appear in one place in 
the literature. 

In many cases, the course of a precipitation titration 
may be followed potentiometrically and the end point 
determined by the rapid change in potential per unit 
volume of precipitant added. It is well known that 
when the composition of the precipitate is BA, the 
potentiometric end point and stoichiometric point are 
identical (assuming a reasonably low solubility, a lack 
of preferential ionic adsorption, etc.) whereas, when the 
composition of the precipitate is B.A, or in general, 
B,Am, the potentiometric end point is not identical 
with the stoichiometric point 

Let us consider the simplest case, where Bt is 
titrated with A~ to form BA. Let us follow the course 
of the titration potentiometrically by measurement of 
the potential difference between a metallic B electrode 
and a suitable reference electrode. From the Nernst 
equation, the potential will change with changing 
concentration of B+ as follows: 

Ey = E°y + k In [B*] (1) 
where k and E°, are constants, and [B+] = concentra- 
tion of B+ in solution. Let us assume for the sake of 
simplicity that the titration is carried out at constant 
temperature, that there is no volume change during 
the course of the titration, and that enough A~ has 
been added so that a permanent precipitate has been 
formed. 

If we let 

c = original concentration of B+, 
y = amount of A~ added, 
x = molar solubility of BA, then 


S = —y + 2) 
where S is the solubility product of BA. 
‘Kournorr, I. M., anp N. H. Furman, “Potentiometric Ti- 
= is,’’ 2nd ed., John Wiley & Sons, Inc., New York, 1931, pp. 
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Equation (1) becomes 

Es = + kin (c — y + 2) (2) 
In actual laboratory titrations of this type, when F 
is plotted as the ordinate and y as the abscissa, a 
titration curve is obtained which has a point of in- 
flection. The first derivative at a point of inflection 
of this type is a maximum, and the second derivative is 
zero. Consequently, to establish the titration error, 
that is, the difference between the stoichiometric point 
and the potentiometric end point, let us take the 
second derivative of E with respect to y, set it equal to 
zero, and compare the result with the situation which 
is known to exist at the stoichiometric point. Dif- 
ferentiation of (2) with respect to y yields: 

k dc dz 
dy +3) 

Since S, the solubility product, equals xr(e — y + 2), 
dx/dy = x/(e — y + 2x). Further, de/dy = 0. Ap- 
propriate substitution into equation (3), and rear- 
rangement of terms yields: 


(3) 


(4) 


Differentiating equation (4) with respect to y yields: 


dx 


dy? 


(5) 


Substituting for dx/dy and de/dy, equation (5) becomes, 
after simplification: 

_ —k(ce — y) 

dy? (c —y + 
Since c — y = S/x — x, andec — y + 2x 
equation (6) becomes 


dy (8 3 
(2 +2) 
Since d?E3/dy? is equal to zero, 


Zz 


(6) 


= + 2, 


because k #0, and S/x + x #0. Therefore, at the end 
point of the titration, 

S =z? (9) 
The equality shown in equation (9) also corresponds to 
the situation at the stoichiometric point. Therefore, 
the potentiometric end point and stoichiometric end 
point are identical, and there is no titration error. 

Let us next consider the titration of B+ with A~ 
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to form BeA, and again follow the course of the titration 
potentiometrically. A titration curve similar to that 
obtained with BA will be obtained, again showing a 
point of inflection. 
Again letting 
c = original concentration of B*, 
y = amount of A~~ added, 
x = molar solubility of B.A, then 
S = 2(c — 2y + 22)’, 
where S is the solubility product of BoA. 
In this case, the Nernst equation is given by 
Ex, = E°3 + kin (c — 2y + 22) (10) 
For simplicity, let F = c — 2y + 2x. Then 
dy? ~ F\ dy? F*\ dy 
Substitution into equation (11) of the following values 
for dF/dy and d?F/dy? calculated with the aid of the 
relation S = x(c — 2y + 2z)?, 


242(#).- 


242(c — 2y + 6x) — 2 
yields: 


@E, * 4k(—c + 2y + 62) (14) 
dy? (c — 2y + 
At the potentiometric end point, d?H;/dy? = 0. 
Therefore 


—c + 24y + 62 = 0 (15) 


Since k and (c — 2y + 6x) are not equal to zero, 
equation (15) after substitution and simplification 
leads to 

S = 6423 (16) 
The solubility BeA at the end point is 


2 = (17) 
The concentration of B+ at the end point can be 
calculated from 


S = 6423 = er (18) 


[B+] = (19) 
At the stoichiometric point, 
S = 4X3 
or 


sig 
[B+] = 2X =2 vs (20) 


where X is the true molar solubility of BA and < is the 
molar solubility arrived at by solution of the Nernst 
equation. The titration error, being the difference be- 
tween the concentrations of B+ at the potentiometric 
end point and the stoichiometric point, is thus 


Sia 
Titration error = 2WS — 24/5 (21) 


Equation (21) can be simplified to 
Titration error = 0.74 WS (22) 


If the original concentration of B+ is c, then 
0.74 WS-100 
c 
It is apparent from equation (23), that the titration 
error decreases as the value of S decreases, and as tiie 
concentration of B increases. 

Let us finally consider the case of the titration of 
B* with A~", or 

nBt™ + mA™ = B,An (24) 


% Titration error = (23) 


If we let 


original concentration of B*™, 
amount of A~ added, and 
molar solubility of BnAm, then 


where S is the solubility product of BnAm. 
The Nernst equation is given by 
Ey = + kin(c~“y + nz) (25) 
Again let us obtain the second derivative of Ly with 


respect to y and set it equal to zero. 
The first derivative of Ex is: 


(27) 


In like manner, the second derivative of Ex, with 
respect to y can be shown to be 
PE, _ _ — kn? (28) 
dy? m(ma + n2zx)8 
where 


n 
a=c— 


Since k, n?, and m are not equal to zero, and it is 
highly improbable that n or m will have values such 
that the denominator is zero, 


nz) + nie = 0 (29) 


Substituting for S in equation (29), and simplifying we 
obtain 
(30) 


Since the value of X at the stoichiometric point is 
m+n 

it is immediately apparent that the stoichiometric point 
and potentiometric end point occur at different values 
of y. 

The titration error for the general case could be 
formulated more definitely, as was done for B.A, but 
this seems unnecessary in view of the complexities 
involved. 

In conclusion, it is pointed out that Kolthoff ind 
Furman! have presented experimental data ith 
explanatory figures supporting the derivations give. 


x= (31) 
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ON THE INFLATING OF BALLOONS 


Ir 1s a common observation that} it is more difficult to 
start a rubber balloon inflating than to continue. This 
observation is predictable from the kinetic theory of 
rubber elasticity’ as are several others. ~~ 

Rubber consists of long flexible randomly coiled 
molecules joined together by chemical bonds called 
crosslinks. These are introduced during vulcanization. 
The portion of the molecule between these crosslinks 
undergoes rapid Brownian motion with an energy which 
is proportioned to the absolute temperature. In an 
unstretched piece of rubber, this random motion re- 
sults in a particular crosslink’s experiencing tugs in all 
directions with equal probability. 

When a piece of rubber is stretched, the molecules 
become straightened out and the average distance be- 
tween crosslinks is increased. The direction of random 
motion of the chains is somewhat constrained. Ther- 
modynamically, this is described in terms of a decrease 
in entropy. A particular crosslink no longer experi- 
ences randomly oriented tugs, but rather more in such 
a direction as to tend to reduce the distance between 
crosslinks and return the rubber to the unstretched 
configuration. This is the origin of the restoring force. 

In thermodynamic terminology, because of the en- 
tropy decrease on stretching, the free energy increases. 
This free energy change is equal to the maximum 
amount of work that can be done at constant tempera- 
ture which equals the integrated product of the force 
times the change in distance. 

There is no change in the average kinetic energy of 
the molecules on stretching. All that changes is the 
resultant force due to incomplete cancellation of the 
Brownian motion. The situation is somewhat similar 
to that in an ideal gas, where the kinetic energy of the 
molecules does not change as the volume is decreased, 
but the pressure increases as a result of the greater 
number of collisions of the molecules with the walls. 
The pressure of such a gas increases as the temperature 
is raised, the kinetic energy of the molecules increases, 
and the collisions occur with greater force. In a similar 
manner, the force on a stretched sample of rubber in- 
creases directly with absolute temperature, since the 
kinetic energy of the molecules and the force of the tugs 
becomes greater. The thermodynamic criterion of an 
ideal rubber is that the internal energy is independent 
of length; that is (OE/Odl)y., = 0. This is analogous to 
the requirement for an ideal gas that (0Z/0V), = 0. 

On the basis of this type of theory, it is possible to 
derive an equation for the force per unit area in a 
particular direction (the x-direction) on a piece of rub- 


ber stretched simultaneously in both the x and y direc- 
tions'; 


_' See, for example, Tretoar, L. R. G., “The Physics of Rubber 
Elasticity,’ Oxford University Press, New York, 1949. 
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az* ay 
where N, is the number of chains per unit volume, 
k is Boltzman’s constant, 7 is the absolute temperature, 
a, is the ratio of the stretched length to the unstretched 
length in the z-direction, and a, is the corresponding 
ratio in the y direction. It is assumed that the vol- 
ume of the sample remains constant during the defor- 
mation. 
For a deformation of the sort occurring on inflating 
a balloon, 


= a =a 


(a? +) (2) 


a would then be the ratio of the length of a line on 
the surface of the balloon in the stretched state 
to that in the unstretched state. Alternatively, it 
could be defined as the ratio of the diameter of the in- 
flated balloon to that of the uninflated; « would be 
the force acting normal to any unit area perpendicular 
to the surface. 

When the balloon is inflated, this force of elastic re- 
traction is opposed by that resulting from the pressure 
of the contained gas. Let us consider the equilibrium 
on a circular strip dividing the balloon into two hemi- 
spherical shells. The restoring force of the rubber will 
be o-2xrd, where r is the radius of the balloon and d is 
the thickness of the rubber in the stretched state. 
Since the volume of the rubber is constant, ‘/; rr’°d = 
4/3 wre’dy where 7 and dy are the unstretched radius and 
thickness. 

The gas inside the balloon may be considered to exert 
a force equal to the pressure, P, multiplied by the cross- 
sectional area which the balloon would intersect on a 
plane passing through its center, or f = P-xr? = P-r- 
a’r,?. By equating the two forces and solving for the 
pressure (using equation (2)) one finds that 


The factor in brackets is a constant for a given bal- 
loon at a particular temperature. This pressure is 
equal to that of the gas inside the balloon, P = nRT/V. 
It is interesting to note that the volume of the balloon 
should be independent of temperature since both the 
pressure of the gas and the elastic force of the rubber 
increase in proportion to the absolute temperature. 

A plot of P against a is given in the figure. One ob- 
serves that there is a maximum occurring when (0P/- 
da) = 0 which corresponds to a = 7 = 1.4. Thus, 
the most difficult part of the inflation is passing this 
high pressure peak, occurring when the diameter of the 


203 


so 
(26) i 
(27) 
With 
(28) 
18 
= 
» 
| 
CATION = 


balloon is 40% greater than the uninflated diameter. 
After this, the pressure drops with increasing diameter 
so that subsequent inflation becomes increasingly 
easier. 

Because of the existence of this maximum, there are 
two possible values of a corresponding to each pressure, 
one on either side of the maximum. Thus, referring 
to the figure, balloons having diameters 1.10 and 2.26 
times the uninflated diameter (corresponding to points 
A and B) should be at the same pressure and should not 
change diameter if connected together. A _ balloon 
blown up to 3 times the uninflated diameter (point C) 
will be at a lower pressure than the one inflated to 1.10 
times the uninflated diameter. If these two are con- 
nected together, the larger one will increase in size and 
the smaller will decrease, a surprising but correct pre- 
diction. 

This latter prediction accounts for the observation 
that when blowing up a toy balloon in the shape of an 
animal having ears, it is often difficult to get the ears 
inflated after the body has been inflated. This occurs 
because the body and ears can be at the same pressure 
with the body on the high a side of the maximum but 
the ears on the low a side. If this happens, further 
inflation decreases the pressure so that the diameter of 
the body increases while that of the ears decreases. 
This can be avoided at the start by preventing the body 
from inflating (by constricting it with one’s hands) 
until the ears have also started to inflate so that both 
parts pass through the maximum approximately simul- 
taneously. 

The predictions of this theory may be readily checked 
by connecting an open tube manometer to the balloon 
while inflating it (using a “T’’ tube). Ethylene glycol 
colored with a dye is a convenient manometer fluid. 
The a may be measured conveniently by ruling some 
equally spaced lines (using ink) on the surface of the 
uninflated balloon and following the increase in separa- 
tion of these lines with inflation using a flexible plastic 
rule bent to follow the surface curvature. The meas- 
ured pressures are plotted against a in the figure. The 
constant [2N,dokT'/ro| of the theoretical curve was 
chosen so as to make the two curves correspond in 
pressure at the maximum. 

It is apparent that the shape of the two curves is 
roughly the same at low inflations, but above a = 3 


PRESSURE (cm. ethylene glycol) 


bd 3 


A Comparison of the Th tical and Experi tod Ventas 
sure During the Inflation of a Rubber Balloon 


there is an upsweep in the experimental curve which is 
not predicted by theory. This is a consequence of the 
well-known inadequacy of the kinetic theory of rubber 
elasticity at high elongations. It results principally 
from the polymer chains becoming completely stretched 
out at high elongations. When this happens, it be- 
comes impossible to elongate the rubber further with- 
out breaking the chains, hence the retractive force in- 
crease. The force increase may also partly result from 
crystals which grow and strengthen the network at high 
elongations. It is in this region of increasing pressure 
that breaking occurs. The a@ at which the pressure 
starts increasing depends on the extent of vulcanization 
of the rubber, being lower at higher degrees of vulcani- 
zation. 

A consequence of this latter pressure increase is that 
there are actually regions where there are three a’s cor- 
responding to the same pressure (points D, E, and F of 
the figure, for example). This may be demonstrated 
by connecting three balloons, all inflated to different 
diameters, to a common “‘T”’ tube. 

The unusual pressure-volume relationships encoun- 
tered here provide a fertile source of unconventional 
problems in physical chemistry and thermodynamics 
involving calculation of work, entropy changes, etc., 
involved in changing the volume of the balloon. 


Not Very Brilliant Chem-Gems 


Tue following equations are balanced in all respects except 
chemical common sense. How can undergraduates at two gush- 
ing fonts of scientific learning work so hard in vain? Chorus 
answer: It’s easy! 


2CaO + 2HNO; — 2NaHCO; + O, 
NH; + HCl ~ CH, + NI 
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NOMENCLATURE OF PHASE TRANSITION 


Ir 1s 2 somewhat curious fact, which seems to have es- 
caped previous formal attention, that the terminology 
of chemistry and physics includes only five terms for use 
in describing the siz possible types of transition between 
the three ordinary states of matter. We have the an- 
tonymous pair, ‘freezing-melting,”’ for the solid-liquid 
transitions, and we have the antonymous pair, ‘‘con- 
densation-evaporation,” for the liquid-vapor transi- 
tions, but for the solid-vapor transitions, we have only 
the single term “‘sublimation.”’ 

That this asymmetric situation has been permitted 
to exist as long as it has would seem to argue that no re- 
visions are needed. However, after recently making a 
systematic examination of present usages in the fields of 
chemistry, physics, and meteorology, I have concluded 
that improvement is, in fact, sorely needed. The 
physicists seem to be very consistent in employing 
“sublimation” only to denote the solid-to-vapor transi- 
tion, yet they take no apparent formal notice of their 
lack of an inverse term. Current literature in the field 
of solid-state physics contains frequent passages wherein 
“condensation” is used to describe growth of crystals 
from the vapor phase, and almost as frequently crystals 
are spoken of as “evaporating.” It is probably true 
that this never engenders real ambiguity since the physi- 
cist is usually dealing with simple laboratory situations. 
Quite different is the case of the meteorologist, who 
must often describe processes in active rainclouds where 
all six possible types of phase transition are going on 
simultaneously. To employ the physicists’ twofold 
meaning for “condensation” and ‘‘evaporation” would 
be out of the question in such meteorological contexts, 
so over the past few decades the meteorologist has 
evolved the practice of using the single term, ‘“sub- 
limation,” to specify either the solid-to-vapor or the 
vapor-to-solid transition, and much more frequently it 
is the latter meaning that is intended. For example, 
the meteorologist speaks frequently of a ‘sublimation 
nucleus,” which is a direct contradiction in terms from 
the physicist’s viewpoint. 

Inasmuch as both physics and meteorology have 
taken over the term, ‘“‘sublimation,”’ from earlier chemi- 
cal usage, one might expect that at least in the latter 
case uniform practices would have been adopted. 
However, on examining numerous texts in general 
chemistry and physical chemistry, I find that the 
chemists are about equally divided in employing two 
distinct usages. Many employ the definition to be 
found in a recently published chemical dictionary! 
which states “sublimation” to be “the transformation 
of a solid directly to the gaseous condition without 
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passing through the liquid state,”’ i.e., many use exactly 
the same definition that all physicists now seem to em- 
ploy. However, about as many chemists use the term 
to mean the cyclic process beginning with a solid-to- 
vapor transition and ending with the inverse vapor-to- 
solid transition, as in the phrase, “purification by sub- 
limation.” Thus a widely used college chemistry text? 
defines the term as ‘‘the complete process of evapora- 
tion of a crystal and recondensation of a gas directly as 
crystals, without apparently passing through the liquid 
state.” 

I became clearly aware of this confusing nomen- 
clatural position when I set about coining some term for 
use in my own field of cloud physics where there is 
pressing need for an antonym to “sublimation’”’ as used 
by the physicist. Suspecting that etymology would 
offer helpful clues to the invention of an appropriate 
antonym, I consulted a number of standard references. 
The findings were interesting but of little immediate 
help. Etymology clearly argues employment of the 
last meaning cited above, for in the vocabulary of 
alchemy, sublimation was an emotionally tinged term 
denoting a cyclic process of solid-to-vapor and sub- 
sequent vapor-to-solid transition by which mystical 
purifying action was to be achieved. The Latin sub- 
limis, meaning “high, lofty ethereal, purified,’’ had 
still earlier origin that offers little in the way of clues to 
formulation of any new terminology of chemistry and 
physics, for it is apparently derived from roots con- 
noting “reaching up to lintel,” the latter being a sacred 
site according to early Roman familial belief. There is 
nothing very helpful here except the implication that 
the physicist has corrupted the term by restricting its 
original meaning to just one portion of the over-all 
process of ‘purification by sublimation.” 

After weighing relative advantages of the several 
current usages, and discussing these with colleagues in 
the several fields involved, I have concluded that if any 
solution to this peculiar terminological difficulty is to be 
sought it should probably consist of letting the phrase 
“purification by sublimation’ retain its original mean- 
ing while restricting the narrow sense of the term, ‘‘sub- 
limation” to just the solid-to-vapor transition, i.e., 


_ adopting what is already standard usage in physics and 


fairly common usage in chemistry; and, at the same 
time, finding some entirely new term to serve as an an- 
tonym to “‘sublimation”’ in this latter sense. 

As the new antonym, I wish to recommend here the 
term, ‘‘deposition”’ for I have found that this word is al- 
ready being informally used in exactly this sense in the 
literature of all three fields involved. Thus, in a re- 


‘Honic, J. M., ev “The Van Nostrand’s Chemist's 
Dictionary,” D. Van Nostrand Co., Inc., New York, 1953, p. 670. 
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2 Pautina, L., “College Chemistry,” 2d ed., W. H. Freeman, 
San Francisco, 1955, p. 41. 
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cently published chemistry text one finds a figure whose 
caption refers to “‘... equilibrium between molecules 
evaporating from an iodine crystal and gas molecules 
depositing on the crystal;’”’ while in another, the author 
points out that “gas may be changed into the solid 
again by deposition on a cold surface.’”’ The physicist 
speaks commonly of ‘“‘vacuum deposition” of thin films, 
and one finds a crystal physicist’s description of the 
growth of metal crystals from the vapor wherein ref- 
erence is made to “a temperature of 1000°C. for the 
deposition.”” A meteorologist writes “‘...down to a 
certain temperature below 0°C., direct deposition of 
vapor as ice is not to be expected,”’ while another writes 
“the deposition of the first few molecular layers on such 
a nucleus may not be in the form of ice,’’ so we see that 
meteorologists are also prepared to use this term as pro- 
posed. 

I believe it must be agreed that it is highly desirable 
to have six distinct terms unambiguously specifying the 


six possible types of phase transition. Although an. 
biguities in past and present usage of “sublimation” 
render any recommendations for revision less thay 
clear-cut, I- believe that the best course is to assign as 
the basic and most specific denotation of “sublimation” 
just the solid-to-vapor transition and to allow the rs ther 
infrequently used concept of purification by sublim: tion 
to retain its old sense. If this is done, then ‘deposi. 
tion” seems to afford a quite appropriate antonyin to 
“sublimation” that does not have already-establshed 
connotations in physics and chemistry that precluce its 
adoption in the proposed sense. Its geological mes ning 
will scarcely conflict with that here urged, since there js 
little chance of overlap of these two contexts. | am 
making the present recommendation by letters to sey. 
eral journals in the fields of physics and meteorology as 
well as here, in the hope that uniform practice can be 
achieved and a minor, but long-standing nomencla. 
tural difficulty thereby resolved. 


CELL FOR ELECTROMETRIC MICROTITRATIONS 


It 1s difficult to place all the elements required for 


microtitrations in a cell of a satisfactory size. The cell 
described eliminates most of the difficulties, is extremely 
simple to construct, and easy to use. 

Construction is obvious from the diagram supplied. 

A ¥ 19/25 male joint (A) is passed through one hole 
of a 3-hole rubber stopper placed in a bottle of any con- 
venient size. The bulb on the female portion of the 
joint is blown out into a cup-like receptacle (B). <A 
tube with a platinum wire sealed into the end is passed 
through another hole in the stopper so that electrical 
contact with the mercury at the bottom of the bottle 
can be achieved (C). In the third hole, a piece of glass 
tubing with an aspirator bulb on one end and a vent is 
placed (D). 

In use, the male joint is first coated on the inside with 
a silicone preparation such as Beckman ‘‘Desicote’”’ as 
the lubricant. The tube is then filled with an agar salt 
bridge. A saturated calomel electrode system is placed 
in the bottle. 

For titration, the female cup is placed on the male 
joint and the solution to be titrated is placed therein. 
Any suitable microburet (F) can be used for the titra- 
tion. The agar plug in the bottom of the male joint 
serves as a salt bridge for the saturated calomel ref- 
erence electrode. The indicator electrode used is a 
vibrating platinum electrode (£) which also serves as a 
stirrer. After the titration is complete, the cup is re- 


1 Present address: Esso Research and Engineering Co., Lin- 
den, New Jersey. 

2 Present address: General Electric Company, Rocket Engine 
Section, Cincinnati 15, Ohio. 
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moved and by stopping the vent and squeezing the as- 
pirator bulb, the agar plug is raised about an eighth of 
aninch. A razor blade is used to slice the plug o!! level 
with the end of the tube. The cup is replaced and the 
assembly is now ready for another titration. C.:ution 
must be used when applying pressure since the ag::r plug 
may sometimes stick slightly and then spurt out. 

The above apparatus has been used successfully for 
amperometric titrations of bromate-arsenate systems 
using initial solution volumes of the order of 0.05 il. 
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DUCATION 


Trxminan methyl analysis is employed to help the 
organic chemist determine the structure of his com- 
pounds. The terminal methyl group is RsC—CHs. 
It is important to realize that even 


CH; 
H; 


yields only one terminal methyl group. The determina- 
tion is accomplished by oxidizing the organic compound 
with chromic acid in sulfurie acid at 100°-120°C. to 
produce, theoretically, one mole of acetic acid for each 
terminal methyl group on the molecule. The informa- 
tion gained from the analysis (i.e., the amount of acetic 
acid) is used to help determine the extent of branching 
in large organic molecules, such as the fatty acids. 
However, the method has limited use, because the 
amount of acetic acid produced is considerably less than 
the theoretical yield in many cases; e.g., if the molecule 
has more than two branched chains or contains amino 
nitrogen. 

The Kuhn-Roth procedure* employs 0.7 M chromic 
acid in 3.6 M sulfuric acid at 100°C. as the oxidation 
mixture for any organic substance. The sulfuric acid 
content of the reaction mixture for large molecular 
weight fatty acids was increased by Ginger? in order to 
increase the solubility of the fatty acids. In general, 
a fixed digestion period was used in both the original 
and modified procedures. Koch, et al.,* found suffi- 
cient variation in the recovery of acetic acid using either 
of the above methods sothat they recommended avoiding 
a fixed digestion period whenever possible. Koch felt 
that, since acetic acid was destroyed very slowly—of 
the order of 5% in 24 hours—several samples of the 
substance to be analyzed should be digested for differ- 
ent time intervals to determine the optimum time for 
the oxidation to acetic acid. As a result of Koch’s 
study, it appeared that to improve the method it was 
hecessary to investigate the mechanism by which di- 
chromate oxidizes organic molecules. As a first step 


‘This paper is based upon the prize winning talk delivered at 
College of the Pacific, April 27, 1957, to the Eighth Annual Con- 
vention of the Northern California and Nevada Chapters of the 
Student Affiliates of the American Chemical Society. 

* R., anp H. Ber., 66, 1274 (1933). 

*Givcgr, L. G., J. Biol. Chem., 156, 452 (1944). 

‘Kocu, C. W., er au., Anal. Chem., 28, 1304 (1956). 
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toward gleaning information on the mechanism, a ki- 
netics study was considered. 

However, a kinetic study approaching the conditions 
of the Kuhn-Roth procedure is a complex one. First, 
the concentration of sulfuric acid in the reaction mix- 
ture is large, much greater than that normally employed 
for kinetic studies; second, while some studies of chro- 
mium VI equilibria in acid have been made,’ little is 
known about the chromate species in the strong sul- 
furic acid used under the conditions of the analysis 
procedure; and third, the activity coefficients for the 
several constituents are not known at the temperature 
of the procedure. Nevertheless, it was felt that such 
a study could be a useful one, as long as its limitations 
were kept clearly in mind. 

The activity coefficients for 1-17.5 M H,SO, are 
available in the temperature range 0-60°C.* In order 
to obtain a reasonable estimation of the activity coeffi- 
cients at 120°C., an equation was fitted to the existing 
data. The form of the equation found to be most suited 
to the estimation of the activity coefficients at 120° was 


log yr = log yo + a log 1/7 + bT + cT? 


where 7 is the activity coefficient at 0°C. and yr is 
the activity coefficient at T°C. 

Since the yield of acetic acid approaches the amount 
theoretically expected for simple, carbon-, hydrogen-, 
oxygen-containing organic compounds, such a compound 
was sought for use in a kinetic study. Of the oxygen- 
containing functional groups, carboxylic acids are the 
most stable te dichromate oxidation. It would seem, 
then, that the rate of oxidation of a simple carboxylic 
acid would be slow enough to be conveniently studied. 
The simplest acid larger than acetic, propionic, was 
selected for this investigation. The stoichiometric 
reaction is 


CH;CH,COOH + 8H*+ = 


H;COOH + CO, + 2Cr** + 5H,O 


The next important problem was to determine 
whether or not any intermediate existed which was suffi- 
ciently stable, so that the stoichiometry could not be 
represented by the reaction as written above. Lactic 
acid, pyruvic acid, ethyl alcohol, and acetaldehyde, all 
of which are possible intermediates, are each oxidized 

5 Tona, J., AND E. Kina, J. Am. Chem. Soc., 75, 6180 (1953). 


§ Harnep, H.S., anp W. J. Hamer, J. Am. Chem. Soc., 57, 27 
(1935). 
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to acetic acid at a very rapid rate as compared to pro- 
pionic acid. Also, it was found that within the limit 
of error, steam distillation of the reaction mixture al- 
ways yielded the stoichiometric amount of steam dis- 
tillable acid—presumably, acetic and propionic—even 
when the reaction was 70%-80% complete. Thus, it 
appears that there are no stable intermediates. 


THE KINETIC STUDY 


The kinetic study was carried out using Merck’s 
reagent grade potassium dichromate, Baker and Adam- 
son’s c.P. sulfuric acid and specially purified propionic 
acid boiling at 141°C. which yielded an equivalent 
weight of 74.01. 

The reaction mixture containing known quantities of 
propionic acid, potassium dichromate, and sulfuric acid 
was sealed in a bomb tube and placed in the rocking 
furnace described by Koch, et al.,* at 120° + 0.5°C. 
for a given period of time. After this digestion period, 
the bomb tube was opened and the extent of oxidation 
measured by reacting the remaining dichromate with 
potassium iodide followed by titrating the liberated 
iodine with standard thiosulfate. 

The results from initial experiments indicated that the 
rate law for the reaction was 


dx/dt = k (Cr.0;-~) 


where x represents the amount of acetic produced at 
time t, k represents the rate constant, (H+) represents 
the hydrogen ion activity, while (CH;CH,COOH) and 
(Cr,O;-—) represent the appropriate molalities. If 
this rate law holds, then the integrated rate law becomes 


1 


my(bmiyi + myc — be) 
—16z (b + c) 


b(e — 
c(b — x) 


y2(m, — 82) + 
m1 = initial hydrogen ion activity, b = initial molal- 
ity of dichromate, and c = initial molality of propi- 
onic acid; the final hydrogen ion activity is y2(m: — 82), 
the final molality of dichromate is (b — x), and the final 
molality of propionic acid is (e — x). The calculations 
assume that the only chromium species of importance 
is Cr,O;--. The deviations of the calculated constants 
are not improved by trying to evaluate some distribu- 
tion of hexavalent chromium among HCrO,~, HeCrO,, 
Cr.0;-~, and HCr,0;-. 

In order to show whether or not this rate law does 
hold, a more extensive set of experiments was executed 
to gather the necessary data for the proving or disprov- 
ing of the rate law. From these experiments it was 
found that over a 25-fold change in concentration of pro- 
pionic acid, holding the sulfuric acid and dichromate 
concentrations constant, the maximum deviation in k 
was about 15% for an average k of 1.83. When the 
propionic and sulfuric acids concentrations were held 
very nearly constant and the dichromate concentration 


(6 


was varied over a 20-fold change, the average k was 
1.84 with a maximum deviation of about 9%. When 
the H,SO, activity was varied over a 16-fold change, 
keeping the concentrations of the other two compo- 
nents constant, the average k was 2.22 with a maximwm 
deviation of about 20%. These results strongly n- 
dicate that the rate law as presented above is the eor- 
rect one for the reaction. 

In the experiments varying the H»SO, concent 
tion, there was a drift with increasing acid concent a- 
tion, but considering the uncertainty in the activ ty 
coefficients used in the calculations, such a deviatioi. is 
not surprising. Another possible reason for the chang- 
ing rate constant with increasing acid could be that, w ith 
the increasing acidity, there is an increasing concent ra- 
tion of the particular hexavalent species of chromium 
that enters into the oxidation mechanism. 

It would be desirable to determine the hydrogen ion 
dependence at considerably lower concentrations, but 
this becomes increasingly difficult to do for two reasons. 
First, even at 120°C. the reaction becomes prohibitively 
slow. Second, the hydrogen ion concentration cannot 
be determined with accuracy in the presence of HCr0,- 
or Crt+*. Likewise, it would be desirable to confirm the 
second order dependence in the lower temperature range 
in which the activity coefficients for sulfuric acid are 
known. These experiments are being undertaken at 
the present time. 


CONCLUSIONS 


From these experiments, it would appear that a more 
detailed kinetic study of the oxidation of aliphatic acids 
by dichromate at an elevated temperature is feasible. 
With further information on the chromic acid and 
dichromic acid equilibria in strong acid, preferably sul- 
furic acid, it may be possible to determine the mecha- 
nism for the oxidation of propionic acid. This could 
measurably aid in the better understanding of dichro- 
mate oxidation of fatty acids or of other types of mole- 
cules which are rapidly oxidized to aliphatic acids. 

A second conclusion, based upon the relative stability 
of propionic acid in the oxidation mixture employed for 
this study, is that acetic acid appears not to be rapidly 
produced in the terminal methyl determination as 
described by Kuhn and Roth or by Ginger. Due to the 
relatively slower rate of distillation of higher aliphatic 
acids, this could contribute in part to poor analysis in 
the determination of distillable acid from compounds 
of high molecular weight. 
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QUOTE! From “King Henry V,” Act V, Scene 2, lines 56-58, 
by that prophet of educational doom, William Shakespeare. 


JOURNAL OF CHEMICAL EDUCATION 


4 
a 
A 
0" 
cr 
| B 
P 
re 
se 
pr 
wl 
RI 
: un 
pr 
tw 
At 
to 
for 
col 
, 
cei 
an 
ten 
ore 
firs 
ton 
app 
: | 
1] 
ferey 
208 VOL 


chang- 
it, with 
cent ra- 
omium 


yen ion 
ns, but 
easons. 
vitively 
cannot 
1CrO,- 
irm the 
e range 
cid are 
iken at 


more 
‘ic acids 
reasible. 
sid and 
bly sul- 
mecha- 
is could 
dichro- 
of mole- 
Is. 
stability 
oyed for 
rapidly 
ition as 
1e to the 
sliphatic 
alysis in 
npounds 


W. Koch 
of Cali- 
assist- 
rich this 


Some scientists and educators have been aware for 
many years of the unsettled state of high school science 
teaching. The significance of failure in this particular 
area of instruction is just now becoming clear to the 
American people. 

The arrival of Sputnik and its successor in the skies 
over the American continent has touched off a hue and 
cry for crash programs in public school science teaching. 
But to embark on such programs precipitously, without 
a clear definition of the goals to be achieved, would 
probably be as disastrous as no planning at all. In this 
respect, a century-long look back (with apologies to 
Edward Bellamy) at the development of high school 
science teaching might be profitable. An examination 
of such a history leads, at least, to the recognition of 
problems which have remained unsolved and questions 
which have not yet been answered. 


RISE OF THE HIGH SCHOOL 


Conceptually, the free public high school was a 
unique American contribution to education. For its 
proponents, the high school was destined to be the 
“Grand Temple of the Common School”—the link be- 
tween free elementary schools and the state university. 
At its inception (in 1821, English Classical School, Bos- 
ton, Mass.), the high school paralleled the academy, the 
secondary school which had replaced the Latin gram- 
mar schools. Thus, at first, the high school aimed more 
for preparing the student for life, rather than for 
college. 

The idea of the high school was, in general, well re- 
ceived by Americans. The democratic aspects of such 
an institution were particularly appealing. Many of 
the carly nineteenth century reports of city school sys- 
tems list with a kind of pride the occupations of parents 
of pupils. The July, 1840, report of the Central High 
School in Philadelphia notes the following varied 
occupations: Navy sailing master, tax collector, gentle- 
man, comb-maker, farmer, and portrait painter. The 
first public demonstration of pupil ability at the Bos- 
ton English High School in 1821 apparently won public 
appr« val: 


_ 


'Bused on a lecture delivered at the Nineteenth Summer Con- 
ferenc: of the NEACT, Colby College, Waterville, Maine, 
August 23, 1957. 
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HIGH SCHOOL SCIENCE—LOOKING BACKWARD! 


SIDNEY ROSEN 
Brandeis University, Waltham, Massachusetts 


The hall was crowded with people who wanted to see how the 
English Classical School was managed. ... The declamation 
was good; the examinations in geography, history, French, satis- 
factory; the poetical recitations very gratifying. In mental 
arithmetic, an exhibition was made which struck everyone as 
wonderful. Questions were given out which few persons present 
would have thought it possible to answer, and which were an- 
swered fully, clearly, and instantly. The effect was such as had 
never been dreamed of. The applause was astounding; and the 
audience separated with a conviction in the minds of some per- 
sons that Boston had rarely seen such a school before. 


Not only did the public high school offer the benefits 
of secondary education freely to children of all classes; 
but it proved to be a boon to female education. The 
1865 Boston School Committee report indicated that 
the ratio of female to male students in Massachusetts 
high schools was about two to one. Gradually, high 
schools added a college preparatory curriculum; pupils 
could now make a choice of careers. In 1872, the 
decision handed down in the famous Kalamazoo case 
gave the high school legal status in public school sys- 
tems. 

Another fascinating aspect of the early high school 
was the rather neighborly and almost affectionate rela- 
tionship between this institution and the college. For 
example, in 1840, Alexander Dallas Bache, then presi- 
dent-elect of Girard College, volunteered his services as 
acting principal of the Philadelphia Central High 
School without compensation Louis Agassiz, the 
great Harvard zoologist, helped the Cambridge English 
High School by giving a series of popular lectures in 
1851. The net proceeds, $175.50, were devoted to the 
purchase of a natural history cabinet. 

By the latter part of the nineteenth century, the num- 
ber of academies dwindled as the high schools increased. 
Universities and colleges began to draw upon the latter 
for the greater part of their entering students. The last 
two decades of this century mark a period of close co- 
operation between college and high school. There 
were two important results: (1) the standardization of 
college entrance requirements, and (2) the domination 
of the high school curriculum by these requirements. 
The organization of the College Entrance Requirement 
Board at Columbia University in 1900 for the purpose of 
making up entrance examinations demonstrates this 
domination: college professors exceeded high school 
faculty by a ratio of two to one. The freeing of the 
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college curriculum from the old hide-bound required 
study program by President Eliot of Harvard (between 
1872 and 1894) complicated matters by paving the way 
for a greater number of college admission subjects. 
In 1879, Harvard College accepted meteorology for 
admission, while the Lawrence Scientific School (at 
Harvard) accepted shop-work, blacksmithing, and free- 
hand drawing! 

During the first two decades of the twentieth century, 
the social milieu of the United States changed. The 
flood of immigrants, ‘the melting pot,” swelled the 
population suddenly. The number of high schools in- 
creased by a factor of three, and were now filled with 
pupils of vastly different backgrounds and abilities. 
This was democracy with a vengeance. Now teachers 
faced: 


The girl whose mother [could not] read or write in any lan- 
guage. . .the stunted little fellow who [carried] telegrams till mid- 
night; the sleepy boy who was up at half past four and driving a 
milk wagon. . .the boy whose father [brought] home every night a 
“vellow journal’; the boy who [did] not own a single good 
book. . .pupils [who] at graduation [left] behind a world of 
study. . .to deal. . .with machines, with customers, with kitchen 
furniture, fancy work, and chafing dishes. 


The college preparatory student became a small 
minority in the American high school. Yet the pres- 
sure of the academic world upon the high school was so 
great as to preclude courses other than those fashioned 
for admission to college in many school systems. The 
dichotomy between college-preparatory and terminal 
students in the high school became more marked. 
Strangely enough, both teachers and administrators 
tended to indulge in a kind of intellectual snobbery 
toward the “general” student. The pupil for whom 
high school was a terminal education was marked early 
in his school career with the stigma of inferiority. 
This attitude is still prevalent in American high schools 
today. 

At the same time, the interests of high school teachers 
and college professors moved further apart. Joint 
organizations tended to become dominated by the 
professional educators, while university and liberal arts 
college people quietly effaced themselves from the 
scene. Eventually, the high school teacher was forced 
to depend heavily upon the faculties of teachers’ col- 
leges and graduate schools of education for advice and 
support. 


EARLY YEARS OF SCIENCE TEACHING 


Before the Civil War, science (as were most other 
subjects) was taught to high school students straight 
out of the textbooks, most of which were designed for 
catechetical teaching (see Fig. 1). Thus, anyone could 
teach geography, astronomy, or physiology without 
ever having studied the subjects previously. 

The acquisition of demonstration equipment was a 
slow, difficult process for most schools. Elbridge Smith, 
first headmaster of the Cambridge (Mass.) English 
High School recalled that when the school opened in 
1847, there was “‘. . .not a single piece of apparatus or a 
book of reference, except the Bible and possibly a dic- 
tionary.”’ Large city school systems could afford 
money for such items as Josiah Holbrook’s celebrated 
hand-cranked orrery, or planetarium, or electrostatic 
machines. Since science courses were not requisite for 
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admission to college, many schools regarded them as 
unnecessary. 

Massachusetts, in 1857, was the first state to enact a 
law requiring the teaching of science, specifically 
natural philosophy, chemistry, and botany, in high 
schools located in towns of 4000 population and over. 
How well this law was enforced is impossible to know. 
The existence of catechetical textbooks undoubted!y 
helped headmasters keep science courses in their 
schools. Other states followed suit, although most 
similar action took place after 1860. One anecdote is not 
amiss here, concerning the Illinois Law of 1872, which 
not only made the teaching of physics, physiology, 
botany, and zoology mandatory in high schools, but 
required all teacher-candidates to be examined in these 
subjects. 


A lady, being quizzed by an Illinois school superintendent was 
asked to classify the turtle. ‘It’s a crustacean,’’ she answered, 
probably thinking that the turtle was like a pie-crust: upper and 
lower layer, with filling in-between. ‘‘No,’’ said the super- 
intendent, ‘it’s a mollusk, because it has a shell!’’ The lady, 
nevertheless, received her certificate. 


It should be mentioned that in the summer of 1872, 
after the law had been passed, special classes of teachers 
were hustled through the newly required science courses 
in one term at the State Normal School. 

By 1856, science had begun to be connected with 
American democratic ideals. Denison Olmsted of Yale 
wrote in that year: 


. . .science, in its very nature, tends to promote political 
equality; to elevate the masses; to break down the spirit of 


LESSON III. 


Question. Wuat other reason can you give for the earth’s turning? 

Answer. The stars are so distant, that their motion 
would be immensely swift in comparison with the mo- 
tion of the earth, to produce the same effect. 

Q. But have we not positive ‘proof, and that too of different kinds, 
that the earth turns on its axis? 

A, We have.—1. The shape of the earth, elevated at 
the equator and depressed at the poles, can be ac- 
counted for on no hie supposition. 

2. A body at the equator, dropped from a great 
height, falls eastward of the perpendicular. 

3. The trade winds and ocean currents in the tropi- 
cal regions are clearly traceable to the same cause. 


a. If the earth is moving in space, does it proceed in a straight 


A. It does not; but it would do so, were it not 
attracted by other bodies. 

Q. What is the attraction, by which all particles of matter tend 
towards each other, called ? " 

A. The attraction of gravitation. 

Q. What large body, by its attraction, causes the earth to revolve 
around it in a curve line? 

A. The sun. 

Q. What other similar bodies revolve around the sun? 

A. The planets. 


Q. What may we call the earth, when considered with regard (0 its 
i motions, ? 


size, shape, 

A. One of the planets. 

Q. What science describes these characteristics of the earth, and 
other heavenly bodies ? 

A. Astronomy. 
Figurel. Part of a Page from Asa Smith's ‘‘Illustrated Astronomy,” 


Showing the Typical Catechetical Textbook Popular During the Early 
Nineteenth Century. 
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aristocracy. . .to raise the industrial classes to a level with the 
professional; and to bring the country, in social rank and respect- 
ability, to a level with the city. 


POST-BELLUM PERIOD 


By 1864, certain changes had taken place in high 
school science teaching. The catechetical method of 
teaching began to be replaced by the lecture-demonstra- 
tion method. At first, special teachers skilled in 
laboratory techniques were hired to perform experi- 
ments before the class. Meanwhile, school super- 
intendents attempted to find teachers who could 
manipulate apparatus as well as teach by textbook. 
Collections of botanical, geological, and zoological 
specimens, called cabinets, became very popular. In 
most high schools, they furnished the student the closest 
look he could get at the workings of nature. 

At the close of the war, new ideas had begun to 
stimulate American educators. The crashing import 
of Darwin’s “Origin of Species” (1859) was felt at first 
only by those on the college level. But secondary- 
school science teaching began to receive more attention 
as a result of the publication of Herbert Spencer’s 
essays, ““Education, Intellectual, Moral, and Physical,” 
in 1861. Spencer proposed a pragmatic “‘scientism”’: 
only science could provide all the answers to all the 
problems of mankind and make a better world. This 
fitted with the American concept of progress. Schools 
were urged to adopt curricula strongly scientific in 
nature, so that America could “ give to the world untold 
combinations of physical and chemical forces which, 
like the American telegraph, [would] promote a 
civilization worthy of the highest Christian nation.” 

When President Lincoln signed the Morrill Act in 
1862, paving the way toward the creation of new col- 
leges of “mechanical and industrial arts,” high school 
science received another stimulus. The vocational 
bent of the land-grant colleges and universities influ- 
enced the curricula of many high schools. A door to 
higher education was opened for the graduate of the 
non-classical high school course. In 1876, Milwaukee 
High School dropped Greek, because the subject was 
not required at the State University for admission. 

The post-bellum years saw the appearance of the 
scientific “specialist’’ in higher education. Here was 
the effect of the scholars of the German universities, 
searching for truth by penetrating deeply into narrow, 
specialized fields of knowledge. To quote Arthur M. 
Schlesinger, the specialist “wedded a skeleton bride, 
whose osseous kiss and rattling embrace rewarded him 
with an ecstasy beyond Helen’s.” It was inevitable 
that the secondary school be infected with this con- 
tagious ideology. From it sprang the laboratory 
method of teaching. 

The idea of putting the high school student into a 
laboratory of his own to learn science was reinforced by 
the vocational training movement in the secondary 
schools of Europe. Exhibitions of woodwork, book- 
binding, and copperwork by Finnish, Swedish, and 
Russian students at the Philadelphia Exposition of 1876 
inspired American educators. President John D. Runkle 
of the Massachusetts Institute of Technology immedi- 
ately made a required course in the use of tools part of 
the Institute curriculum. This concept of teaching 
students to do things with their hands stimulated the 


VOLUME 35, NO. 4, APRIL, 1958 


inception of manual training courses in the American 
common school. 

One other spur to the rise of the laboratory method of 
teaching science should be mentioned. This was the 
incurable optimism of Americans that educational 
panaceas existed, stemming from the original notion 
that education itself was a panacea for the ills of de- 
mocracy. Thus, in the latter part of the nineteenth cen- 
tury, the high school science laboratory was hailed as 
the place from which pupils would go out “able to see 
and todo.” The laboratory became the magic cure-all 
for everything that had been wrong with secondary- 
school science teaching. 


THE LABORATORY MADNESS YEARS 


Chemistry laboratories were the first to appear in 
American high schools. Oddly enough, the first was 
opened in a female school (Boston Girls High and Nor- 
mal School, 1865); however, chemistry and botany were 
considered the sciences most fit for female education. 
In schools where botany was offered as an elective, boys 
shunned the subject because of its effeminate connota- 
tions. Physics was considered more suited for males 
because of its abstract quality. In 1887, the New Bed- 
ford, Massachusetts, School Board excluded girls from 
the high school physics laboratory, “‘since the female 
mind was not so constituted as to understand the 
philosophy of physics.” 

The first high school physics laboratory was also 
opened in Boston by Dr. Alfred Payson Gage (Boston 
English High School, 1880). Gage wrote one of the 
first laboratory manuals, “Elements of Physics.” 
However, with a flair for economic prediction, he left 
teaching to achieve fame and fortune in the scientific 
apparatus business. 

The university stamp of approval on the laboratory 
method came in 1886, when Harvard University offi- 
cially accepted high school laboratory physics for admis- 
sion to the A.B. degree course. Professor Edwin H. 
Hall (of the “Hall effect’), placed in charge of this 
program by President Eliot, published and sent to 
secondary schools a pamphlet containing a list of 40 
acceptable experiments. The student offering this 
subject had to come to the university to be examined in 
the physics laboratory and also had to present a labora- 
tory notebook containing writeups of the experiments 
on the Harvard List and signed by his high school 
teacher. 

With Harvard’s bold action, the boom in laboratory 
teaching began. Secondary schools that specialized in 
preparing students for Harvard installed physics labora- 
tories at once. Other universities and colleges followed 
Harvard’s move, slowly at first, but with gathering 
momentum. The midwestern universities were quicker 
to react than the denominational colleges of the East. 
It was not long before all large city school systems had 
initiated laboratory work in all their high schools. 

Such laboratories were not limited to chemistry and 
physics. By the last decade of the nineteenth century, 
laboratories in botany, physiology, zoology, and phys- 
ical geography were going full blast. Textbooks were 
forgotten; the laboratory manual became the reigning 
publication. In many cases, recitations and lectures 
were abandoned in favor of having the student spend 
all his time in the science laboratory. From the ex- 


211 


urning? 
motion 
he mo- 
kinds, | 
ated at 
be ac- 
great 
tropl- 
it not 
ter tend | 
revolve 
ard to ite 
tronomy,” 
zy the Early | 


treme of only catechetical teaching, the pendulum 
swung far to the other extreme of only laboratory 
teaching. 

The cost of equipping a high school with laboratories 
was high. At first, only large city systems could 
afford such a luxury. As early as 1876, for example, 
Boston spent $8465 on philosophical, chemical, and 
mathematical apparatus. For most rural schools, the 
notion of a laboratory was only a dream for the teacher 
(if he was competent enough to run one). There, the 
teacher had to be satisfied with using nature herself 
(apples falling off trees?); or, he could persuade the 
superintendent to buy a set of Dr. Johnson’s Substitute 
for Physical Apparatus, 

. . .consisting of indestructible charts, comprising 500 dia- 
grams, which represent over $6000 worth of apparatus, illustrat- 
ing the principles of natural philosophy and astronomy. . . 
designed as a complete cheap and durable substitute for the 
expensive philosophical apparatus in the Common Schools and 
Academies. Set for $15—10 charts. 


This period also marks the virtual domination of the 
content of the high school science course by the univer- 
sity. Laboratory manuals in all the sciences were 
written by college professors. The methodology they 
reproduced was the methodology of the specialist: the 
minute dissection (see Fig. 2), the accurate measuring, 
the quantitative aspects. The high school laboratory 
science course became an imitation of the propaedeutic 
elementary science course in the university. 


AFTER-EFFECTS 


By 1920, most of the high school science courses 
offered for college admission had crystallized into a 
formal pattern of laboratory work and recitation. The 
laboratory method had failed, apparently, in the areas 
of botany, zoology, physiology, and physical geography. 
All attempts to teach physiography as a laboratory 
science were unsuccessful; only a few midwestern high 
schools hung on grimly to their physical geography 
laboratories. Physiology succumbed to the incubus of 
the Women’s Christian Temperance Union. In their 
fierce drive for temperance legislation during the last 
half of the nineteenth century, the righteous ladies were 
able to prescribe the number of classroom periods and 
the amount of textbook space mandatory for teaching 
about the dangers of alcohol, tobacco, and narcotics in 
physiology courses from the third grade through the 
first year of high school. 

In the high school physics course, the passion for 
measuring in the laboratory had resulted in a kind of 
course where the student was required ‘“‘to deduce 
laws. . .which he knew before from data that [could] 
not be made to prove anything, and to apply these 
laws to a set of problems that [had] no apparent rela- 
tion to his immediate scientific environment.” In 
high school chemistry, too, the laboratory method 
teaching was called “un-American” and ‘a method 
advocated by some college professors who rarely use it 
themselves.”” There began to be strong demands on 
the part of educators that these courses be made more 
real and wholesome for the average high school student. 

What actually happened in the case of physics and 
chemistry was the introduction of special courses of a 
greater qualitative, or descriptive, nature for the benefit 
of the non-college preparatory high school student. In 
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@. Carefully remove the alimentary canal, cutting 
the guilet through close to the stomach. 

a Open the latter under water and make out in 
it the constriction which divides it into an 
anterior (cardiac) portion and a posterior 
(pyloric). 

8. The supporting bars and the hairs in the 
stomach, and the calcifications of its lining 
membrane. 


15. Now trace the sternal artery (removing the «ii- 
mentary canal and the genital organs), until it enters 
a passage (sternal cana/) formed by ingrowths of the 
exoskeleton near the ventral surface of the animal. 
Just before entering this the sternal artery gives 
off the inferior abdominal branch, which runs back 
along the middle line of the abdomen immediately 
inside the sterna of the somites. Trace this branch 
back removing the muscles which cover it. By this 
proceeding the abdominal part of the nervous chain 
will be exposed. It lies immediately above the blood- 
vessel and is not to be injured. 


16. The nervous system. 


a, Find the supraesophageal ganglion in front of 
the gullet. 


B. The circumasophageal commissures passing 
back from it. 
Follow back these commissures, cutting away 
the hard parts (forming the roof of the sternal 
canal) which come in the way ; they lead to 
a chain of six ganglia, lying along the floor of 
the cephalothorax, and united by double cords 
Figure 2. Laboratory Instructions for the Dissection of the Cray- 


fish from Huxley & Martin's ‘‘A Course of Practical Instruction in Ele- 
mentary Biology’’ 1875- 


physics, these courses (and the textbooks written for 
them) dealt with automobile engines and electrical 
appliances; in chemistry, with breadmaking, cooking, 
and dyes. Mathematical formulas, chemical formulas, 


and problems were conspicuously absent. In some 
cases, cubic centimeters were replaced by spoonfuls! 

The one successful revolt by high school science 
teachers against the imposition of course content by 
the university professors occurred in the field of 
biology. In 1909, a course in general biology was de- 
signed by high school teachers and first taught in New 
York City. By 1920, botany, zoology, and physio!ogy 
were becoming candidates for oblivion, and general 
biology was becoming the most popular science course 
in the American high school. 

It was already apparent by 1913 that the labors ‘ory 
method of teaching had not been the panacea for the 
ills of high school science. In that year, a national 
committee was organized to reorganize this are: of 
teaching. Their report, published in 1920, could only 
confirm the success of high school general biology and 
the failure and stagnation of courses in the « ‘her 
sciences. 

Since that year, there have been many evalua‘ ions 
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and at least three major attempts at reorganizing high 
school science. Two were reported in the Yearbook of 
the National Society for the Study of Education: the 
3ist (1932) and the 46th (1947); the third appeared in 
the Bulletin of the National Association of Secondary 
School Principals (January, 1953). 


UNANSWERED QUESTIONS REMAIN 


It looks as though the appearance of Sputnik has set 
off a new series of investigations and attempts at 
reorganization in high school science. It might prove 
fruitful for investigators in this problem area to take 
note of some questions that have not yet been answered 
after over a hundred years of high school science: 


1) What should a high school science teacher know? 

2) Should a high school science teacher be a specialist or a 
generalist? 

3) What knowledge at the secondary level is best for college 
preparation? 

4) How should this knowledge differ (if it should) for the 
vocational or business student? 

5) Is the laboratory method of teaching high school science 
nece y? 

6) Are there any fruitful outcomes from this technique for the 
student? Is there really a transfer of skills? 

7) How can students be motivated to elect “hard’’ science 
courses, such as chemistry or physics? ‘ 


One wonders if the historian looking backward from 
the year 2000 will find that these questions were an- 
swered satisfactorily by the leaders of American 
education. 


To the Editor: 


In his advice (“What Is Science All About?” J. Cuem. 
Epuc., 34, 524 (1957)), Mr. Sveda answered the spe- 
cific questions put to him with less attention to a critical 
scrutiny of the questions themselves. 

The first question: “What do you think is today’s 
greatest problem in science?” (italics mine), follows a 
practice, alas too common nowadays, of setting up 
science implicitly as something apart from anything else. 
We should try to make everyone realize that there is no 
particular domain of science, but that the scientific 
method has been applied successfully in more and more 
fields, and that its value lies in the reliability and use- 
fulness of the information obtained through its use. 
The question might better be rephrased to read: What 
do you think is the greatest problem that we might 
tackle scientifically? Science has developed somewhat 
haphazardly in the last 300 years, with the result that 
man’s ability to use the forces of nature is dangerously 
ahead of his ability to govern himself. After all, the 
fusion bombs and Sputnik will never be anything else 
but the tools of human brains. The crying need now, 
therefore, is that we may know better “what makes man 
himself tick,” and so improve our individual behavior 
and social attitudes. 

The second question, ‘What characteristics are most 
heeded for one to succeed in science?” also carries a lot 
of implications. Success is not measured in publicity 
or large monetary rewards. I would advise young 
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people: The natural and acquired characteristics listed 
by Mr. Sveda (curiosity, logic, concentration, etc.) are 
all necessary, but success is an inner satisfaction, of 
which notoriety is only one of the possible external as- 
pects. The real success, satisfaction with one’s work, 
will come to the scientist who chooses his career for its 
own sake, and not as an avenue to “‘success.”’ 

Two more points in Mr. Sveda’s answer deserve com- 
ment: (1) “Scientists should feel responsible for what 
their scientific discoveries do to and for other people.” 
No scientist can foresee the possible consequences of his 
discoveries, and he should never refrain from inquiring 
into the unknown because of a fear that his discovery 
might be misused. We should all, scientists and non- 
scientists, take the responsibility of making the wisest 
possible use of scientific advances, and that is why it is 
so important that we teach something about science to 
everyone, so that we will not, in our democracy, fall into 
the error of setting scientists apart, entrusting them 
with the responsibility of deciding for us what. use is to 
be made of the fruits of their work. 

(2) The statement that faith in God is important to a 
scientist invites comment. Faith in God gives many 
people fortitude in facing the vicissitudes of life, and the 
importance of this faith is therefore measured by the 
needs of the individual, and not by any absolute stand- 
ard of its value. While many scientists, present and 
past, have held the religious beliefs prevalent in the 
society of which they were a part, there are and have 
been people, scientists and non-scientists, who have de- 
clined to subscribe to any revealed dogma. The scien- 
tist, as a member of society, must follow an acceptable 
code of behavior, which may or may not be connected 
with religious beliefs, but, as a scientist, he must have 
most of all the intellectual courage and integrity to 
question nature frankly, and to shield his scientific 
opinions from any influence of his own human emotions. 


GEORGE CALINGAERT 


Hosart AND WILLIAM SmitTH CoLLEGES 
Geneva, New York 
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Letters 


To the Editor: 


The only purpose of my letter (J. Cuem. Epuc., 
34, 310 (1957)) was to call attention to the schismatic 
terminology for crystal classes tabulated by Professor 
Fisher (J. Cuem. Epuc., 34, 259 (1957)). It also ap- 
pears that Fisher (J. Cuem. Epuc., 34, 458 (1957)) has 
forgotten or overlooked the footnote he added to his 
tabulation, in which he stated, referring to those classes 
of crystals with ‘‘one 3 (or 3) and only one,” that “the 
term rhombohedral is not entirely suitable since rhombo- 
hedrons are found in only three of the five classes in- 
volved’! and the “the term trigonal as used in Inter- 
national Tables for X-ray Crystallography (Vol. 1, 
1952) is unsatisfactory since classes 6 and 6m2 (which 
contain trigonal forms, but which lack rhombohedral 
space groups) are thereby excluded.” The above 
statements led me to remark that ‘Fisher rightly con- 
cludes that on morphological grounds alone there is no 
suitable or satisfactory terminology for crystal classes,” 
and it is this statement with which Fisher unaccount- 
ably takes issue. The points to be emphasized are that 
the terminology adopted by the International Union 
of Crystallography after careful deliberation is based 
on symmetry, is unambiguous, is not hard for the stu- 
dent to grasp, and has the tremendous advantage of 
being available in the International Tables for X-ray 
Crystallography. There may be other terminologies 
with other bases and notations, but their use can lead 
only to chaos and confusion. Morphology is only a 
small part of the science of crystallography, and it is 
accordingly easy to understand how a morphologist can 
see little value in dividing the hexagonal system (un- 
restricted sense) into two subsystems. The reason for 
grouping together as the trigonal system the classes 3, 
3, 32, 3m, and 3m, and as the hexagonal system the 
classes 6, 6, 6/m, 622, 6mm, 6m2, and 6/mmm must be 
obvious. Classes 6 and 6§m2 may, as Fisher says, 
“bristle with trigonal and ditrigonal forms,” but this 
fact is completely irrelevant to a terminology based on 
symmetry. There are many properties of crystals other 
than face development which also cut across the system 
boundaries. 

It comes as a great surprise to read that Fisher con- 
siders that ‘‘Bunn’s table contains what Mysels (J. 
Cuem. Epuc., 34, 40 (1957)) calls an ‘Erroneous 
Classification of Crystal Systems’ since nowhere does 
Bunn state or even imply that the shape of the unit cell 
is a sufficient condition for classification, but, on the 
other hand, does list essential symmetry for each 
system. 


1 Also in the footnote is the statement, ‘However, one or two 
rhombohedral space groups are present in each of these five 
classes, though from one to six primitive space groups occur in 
each of them.’’ The expression ‘‘rhombohedral space group”’ is 
ambiguous, and the expression “primitive space group’’ is mean- 
ingless. 

+ 


Finally, I must point out that Fisher is wrong in sav- 
ing that “only the simple cubic (of the three isometric 
cells) is primitive.” 

(The Editor has kindly sent me a copy of the noie 
which follows. Careful study of its contents suggests 
that further discussion is bootless. ) 


JERRY DONOHUE 


UNIVERSITY OF SOUTHERN CALIFORNIA 
Los ANGELES, CALIFORNIA 


To the Editor: 


The Editor kindly sent me a copy of the above com- 
munication from Professor Donohue for my comments 
prior to its publication. It is an error (cf. the earlier 
communication: J. Cuem. Epuc., 34, 310 (1957)) to 
speak of my “terminology for crystal classes,” schis- 
matic or otherwise. There are 32 classes (or point 
groups) and I made no attempt to present a terminology 
for these. 1 feel positive that on morphological grounds 
alone there is an entirely satisfactory terminology for 
the crystal classes. I infer that Donohue considers me 
to be a morphologist; I appreciate this compliment but 
would prefer to be known as a crystallographer (and 
mineralogist). Also Donohue has a footnote in which 
he objects to part of my footnote. The I.T.C. (Inter- 
national Tables for X-ray Crystallography, Vol. 1, 
1952) divides the 25 trigonal space groups into P 
(primitive) and R (rhombohedral). It is true that the 
former is an especially infelicitous term, but my mean- 
ing should have been clear to those familiar with the 
LT.C. 

Regarding Bunn’s table, I believe that Bunn has 
fallen into the very error that Mysels (J. Cue. Epuvc., 
34, 40 (1957)) is inveigling against so creditably. Bunn 
gives as the truth exactly what Mysels’ table presents as 
an “Erroneous Classification of Crystal Systems.” 
My conclusion is that even a topnotch crystallographer 
makes an occasional oversimplification or slip when he 
is talking down to the beginning student (if at no other 
time); for calling this to our attention I feel Mysels 
performed a worth-while service. To spell this out with 
one (of several possible) example(s), Bunn’s table states 
that the monoclinic unit cell has a = y = 90°; @ not 
90°; a, b, and c unequal. Now every crystallographer 
knows that there are monoclinic unit cells with 8 = 90°; 
similarly a can equal b or/and ¢ in certain individual 
cases within the limits of our ability to measure at a 
given temperature. 

The I.T.C. has three kinds of isometric cells (or 
lattices; a cell is just one parallelopipedal unit of the 
lattice); namely: P (primitive), J (body-centered), 
and F (face-centered). Only the first is primitive 
(“simple’’); J is doubly primitive, and F is quadruply 
primitive. 


D. JEROME FIsHER 


DEPARTMENT OF GEOLOGY 
UNIVERSITY OF CHICAGO 
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THE ORIGIN OF LIFE ON EARTH 


A. I. Oparin, Director of the A. N. Bach 
Institute of Biochemistry of the Academy 
of Science of the U. S. S. R. Trans- 
lated by Ann Synge. Third edition. 
Academic Press Inc., New York, 1957. 
xviii + 495 pp. 44 figs. 5 tables. 
15 X 23cm. $6.80. 


IN THE extensive literature that treats 
concepts of the natural origins of life, 
Oparin’s book is the best known. This, 
the third edition, comprises more of the 
most pertinent ideas between two covers 
than any other book. It is necessarily 
much more definite and otherwise superior 
to the second edition of 1941. The author 
thinks chemically and his writing should 
interest most chemists. 

The chapters of the book deal suc- 
cessively with theories of spontaneous gen- 
eration and eternity of life (some subtle 
distinctions are properly made), scientific 
approaches to the problem, the original 
formation of simple organic substances, 
chemical evolution of the latter, structures 
and functions of proteins and nucleic acids, 
development of multimolecular systems 
(Oparin’s own specialty of coacervates), 
and the origin and evolution of the first 
organisms. The book contains in excess 
of one thousand references including the 
many Russian papers which have been 
difficult to come by in this country. The 
author has made an heroic effort to keep 
abreast of a rapidly expanding field of 
study. 

Despite the increased definiteness to be 
found in the third edition, it is evident 
from the author’s own statements (p. 167) 
that his arguments have failed to provide 
him with a single coherent design from the 
many linked and unlinked possibilities. 
It is indeed too much for any experi- 
mentalist to expect that such a picture can 
result from an approach other than one 
employing the self-correcting discipline of 
experiment at each turn. We can expect 
that, like other problems in organic chem- 
istry, the essential correctness of any anal- 
ysis will ultimately be demonstrated by 
successful synthesis. It should then be 
possible to assess the contributory value of 
Oparin’s rather numerous presently un- 
testable preclusions. The arguments of 
Rubey, Revelle, and others for primitive 
atmospheres other than Oparin advocates 
deserve at least notice, which is lacking in 
the book. Life is somewhat selective in 
its roster of carbon compounds. A first 
organism could, accordingly, arise from 
terrestrially micro quantities of individual 
substances, and yet be relatively unin- 
fluenced by the major composition of the 
total atmosphere, hydrosphere, or litho- 
sphere, e.g., by silicon which is terres- 
tially, but not organismically, abundant. 
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Oparin’s discussion, on the other hand, 
treats the origin of life as essentially a gen- 
eral geochemical problem, without recog- 
nizing the possibility that the probably 
small amount of material in the first life 
could have involved special local con- 
ditions and substances. Despite such 
qualifications, Oparin’s books have been 
pre-eminent in stimulating much neces- 
sarily involved thinking in this field, and in 
recent years the undertaking of heuristic 
experimentation. His books have also 
served to protect a subject matter area 
that not everyone has always considered 
respectable. 

Aside from treating one side only of 
some topics that are controversial to 
specialists, the book omits little that 
should be found in its pages. Acade- 
mician Oparin, with the aid of translator 
Ann Synge, has provided an account which 
is fascinating history and chemistry, an 
integrative view of biochemistry from a 
perspective of primordial processes, and a 
valuable repository in outline, citation, 
and much detail of some of the best think- 
ing on the problem of the origin of life on 
earth. 


SIDNEY W. FOX 
Fioriwa State UNIVERSITY 
TALLAHASSEE, FLORIDA 


SOLVENT EXTRACTION IN 
ANALYTICAL CHEMISTRY 


George H. Morrison, Head, Analytical 
Chemistry Research Laboratories, Sy]l- 
vania Electric Products, Inc., and Henry 
Freiser, Associate Professor of Chemistry, 
University of Pittsburgh. John Wiley & 
Sons, Inc., New York, 1957. 269 pp. 
14.5 X 22.5cm. $6.75. 


Tuis book presents the first comprehen- 
sive treatment of the field of solvent ex- 
traction. “Confronted with increasing 
demands for analyses that are faster, that 
are applicable to trace concentrations, and 
that can be used for highly complex mix- 
tures, chemists have turned to solvent ex- 
traction methods for satisfactory achieve- 
ment of these objectives.”’ This state- 
ment explains the need for the exhaustive 
review of the literature which produced 
this book. 

The book is divided into four parts: (1) 
Principles of Solvent Extraction; (II) 
Apparatus and General Techniques; (III) 
Extraction Systems; and (IV) Separa- 
tions. In Part I the authors have de- 
fined the principles and definitions asso- 
ciated with solvent extraction. The metal 
extraction systems are classified as of the 
chelate or ion association type. This 
classification is adequate. Additional top- 


ics covered here include “solubility char- 
acteristics of chelates,’ ‘factors influenc- 
ing chelation,’ “chemical interactions in 
the organic phase,” and “treatment of ex- 
traction equilibria.” The figures, formu- 
las, and calculations are all well presented. 

The apparatus and techniques described 
in Part II are in common usage today. 

Thirty extraction systems are described 
in Part III. Included are halide, nitrate, 
heteropoly, acid, amine, acetylacetone, 
oxine, dimethylglyoxime, naphthol, dithi- 
zone, and xanthate systems. Over 300 
references are provided in this section. 

Selected extraction procedures are 
briefly described in Part IV for more than 
60 elements. Many references are given 
so that the reader might expand the some- 
what limited “handbook” presentation of 
data. 

There is an index by elements and an in- 
dex by subject matter. Both are ade- 
quate. 

This book represents, basically, a com- 
pilation of existing information otherwise 
widely scattered in many texts, treatises, 
and journals. For books of this type there 
will be frequent disagreement among read- 
ers over areas of emphasis. Thus, the re- 
viewer dislikes the allocation of only one 
page to “Colorimetry and Solvent Ex- 
traction.’ It also seems that greater em- 
phasis could have been made in Part IV on 
the quantitative methods available for the 
elements following extraction, or at least 
on which extracted complexes are suitable 
for analysis. Nevertheless, anyone con- 
cerned with separation techniques will find 
this a valuable book. 


JAMES M. PAPPENHAGEN 
Kenyon CoLiece 
Gambier, On10 


CHEMISTRY OF NATURAL AND 
SYNTHETIC RUBBERS 


Harry L. Fisher, Professor of Chemical 
Engineering, University of Southern Cali- 
fornia. Reinhold Publishing Corp., New 
York, 1957. vii + 208 pp. 16 X 23.5 


As ONE might judge from the size of the 
book, this work does not give an exhaus- 
tive and detailed treatment of its subject. 
A title such as ‘‘A Survey of the Chemistry 
of Natural and Synthetic Rubbers” might 
be more suitable than that which it has. 

In much of his survey Dr. Fisher has 
adopted a chronological method of present- 
ing his material. This adds interest and a 
personal touch since he speaks from a first 
hand knowledge of many of the discoveries 
in the field of rubber chemistry over the 
past 40 years. It is the reviewer’s im- 
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pression, however, that the most recent 
developments are given less space than 
they warrant because of this historical ap- 
proach. 

The coverage of the subject appears to 
be quite complete. The literature refer- 
ences are numerous and well chosen for the 
further illumination of the topics intro- 
duced. The presentation is clear and 
straightforward. 

This book will be useful as a concise in- 
troduction to the field of rubber chemistry 
for upper class chemistry majors. The 
specialist in the field will in general want 
more information on a given topic than is 
presented here. 


THOMAS FERINGTON 
CoLLEeGE or Wooster 
Wooster, Ox10 


QUESTIONS AND PROBLEMS IN 
SCIENCE 


Edited by Paul L. Dressell and Clarence 
H. Nelson, Board of Examiners, Michigan 
State University. Educational Testing Serv- 
ice, Princeton, 1956. xvi + 805 pp. 
27 X 29 cm. Hard covered, loose leaf 
binder. $27.50. 


Tue folio is an impressive compendium 
of some 15,000 items of the objective, 
multiple response type. The test ques- 
tions cover the entire spectrum of the bio- 
logical and physical sciences at the level 
of which these sciences are taught in fresh- 
man and sophomore courses for general 
education. The questions have been se- 
lected largely from comprehensive ex- 
aminations given at such schools as the 
University of Chicago, the Chicago City 
Junior College, Dartmouth College, An- 
tioch College, the University of Michigan 
and the University of Florida. 

The work is divided into two major sec- 
tions, the biological and the physical sci- 
ences. The biological science is further 
subdivided into 31 content areas, and the 
physical sciences (including mathematics) 
into 29. The areas are more or less dis- 
tinct, with a few clearly labelled over- 
lapping fields and three subsections on 
methodology and history of science. 

More interesting and significant is the 
attempt to classify the test items within 
each area, according to a hierarchy of the 
“type of knowledge”’ or “level of attain- 
ment,’’ which the questions are designed 
to test. The hierarchy is the one de- 
veloped by a Committee of College and 
University Examiners, published as the 
Taxonomy of Educational Objectives, under 
the editorship of Dr. Benjamin 8S. Bloom. 
(Longmans Green & Co., 1954). The 
main categories are: Knowlege, Com- 
prehension, Application, Analysis, Syn- 
thesis, and Evaluation. The folio con- 
tains a concise discussion of the rationale 
of the Taxonomy and a clear explanation 
of possible ways of using the test items. 

The editors of the folio have evidently 
devoted a great deal of time and thought 
in selecting the items and classifying them. 
One may or may not agree with the 
taxonomy and its implications, or with 
the classification of individual items. For 
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example, the reviewer does not agree with 
the implied assumption that all the main 
categories are equally important or that 
they should be represented by an equal 
number of items in the examination. This 
position is confirmed by the fact that 
most of the items selected are of the first 
category, fewer of the second and third, 
and very few of the last three or “higher’’ 
categories. Nor is the explanation that 
we have not yet learned how to test the 
higher mental processes a sufficient reason 
for the disproportionate distribution. 
Nevertheless the attempt is of value in 
calling attention to the fact that the pur- 
pose of science instruction is more than 
merely teaching subject matter. 

The folio will be of direct use to college 
examiners, and to persons teaching gen- 
eral education courses. It should be of 
considerable value to other teachers of 
elementary science courses, in suggesting 
various ways of writing questions. Un- 
fortunately, the number of questions for 
any one science is relatively small, and 
rather inappropriate for advanced college 
courses. It would have been better if the 
folio had been published in two separate 
volumes, one for the biological and one for 
the physical sciences. Even so, the folios 
would be more appropriate as a reference 
work for an entire science department, 
rather than for individual teachers. 


THEODORE A. ASHFORD 
Sr. Louis UNIVERSITY 
Sr. Louis, Missouri 


THE CHEMISTRY OF ORGANIC 
MEDICINAL PRODUCTS 


G. L. Jenkins, Dean of the School of 
Pharmacy, Purdue University; Walter H. 
Hartung, Professor of Pharmaceutical 
Chemistry, Medical College of Virginia; 
Kenneth E. Hamlin, Jr., Assistant Di- 
rector of Chemical Research, Abbott 
Laboratories; and John B. Data, Asso- 
ciate Professor of Pharmaceutical Chemis- 
try, Purdue University. Fourth edition. 
John Wiley & Sons, Inc., New York, 1957. 
x +569 pp. 62tables. 16.5 X 24cm. 
$10.75. 


Or THE third edition of this book, a re- 
viewer wrote, “Its value as an authorita- 
tive reference work is out of all proportion 
to its size.’”’ Unfortunately, in the new 
fourth edition, the authors have sacrificed 
strength as a reference for the sake of brev- 
ity and emphasis on recent advances. 
The new edition contains 569 pages, in con- 
trast to 745 pages in the third edition. 
This condensation has been achieved by 
omitting the elementary organic chemistry 
previously included, and the references at 
the ends of chapters as well as the valuable 
General Bibliography included in the third 
edition. Also most of the tables of physi- 
cal constants of various classes of organic 
compounds have been removed. Al- 
though the deletion of the tables aad bib- 
liography was probably essential to 
achieve the desired limitation in size, these 
were an important part of the use of the 
third edition as a reference book. 


The readability of the book has un- 
doubtedly been improved by the care’ (| 
editing of nonessential organic chemist:y 
from each chapter. Although the same 
number of chapters, 16, has been retaine 1, 
the chapter on Natural Mixtures, whi:h 
included fats, oil, gums, resins, balsan:s, 
and enzymes, has been omitted in the 
fourth edition, and a new chapter on An:j- 
biotics added. Previously a section on 
antibiotics had been included in the chs p- 
ter on amines and amine derivatives. The 
new chapter illustrates the great advances 
made in the field of antibiotics since ‘he 
third edition appeared in 1949. The third 
edition mentioned thirty different a ti- 
biotics, and the new fourth edition :Je- 
scribes twenty-two (carbomycin is e- 
scribed twice, once as being produced by 
deep fermentation of streptomyces halst:dii 
on page 495, and once by actinomyces on 
page 501). It is significant that only six 
antibiotics, streptomycin, dihydrostrepto- 
mycin, the penicillins, bacitracin, tyro- 
thrycin, and tyrocidine, are mentioned in 
both editions. Therefore 24 antibiotics 
worth describing in 1949 have been 
dropped and 16 new ones have taken their 
place. Among these are the important 
group of tetracyclines, erythromycin, and 
chloramphenicol. 

Many other new advances in medicinal 
chemistry such as the tranquilizers and 
oral insulin-like compounds, have been in- 
cluded. The chapter on organometallic 
compounds has been altered to include 
chelate compounds and silicones. Greater 
emphasis has been given to the mechanism 
of drug actions, and the relationship be- 
tween molecular structure and physiologi- 
cal action. 

The revised edition is now pointed more 
toward the trained medicinal chemist, 
rather than the beginner. This edition 
assumes a stronger background in organic 
chemistry, and can no longer be considered 
as a basic text in organic chemistry for the 
pharmaceutical chemist. It is rather an 
advanced monograph. The revised edi- 
tion should be on the shelf of every student 
of medicinal chemistry, but if he owns an 
earlier edition, he would be wise to keep it 
also as a reference. 


E. CAMPAIGNE 
InDIANA UNIVERSITY 
INDIANA 


ENZYME, ANTIGEN, AND VIRUS 
Cambridge 


viii + 


Sir Macfarlane Burnet. 
University Press, New York, 1957. 
193 pp. 13 X 19cm. $3.50. 


One of the more prolific of scientific 
writers, F. M. Burnet, presents in “‘En- 
zyme, Antigen, and Virus’’ a most «xcel- 
lent review of recent fundamental dev lop- 
ments in the areas of induced enzym: syt- 
thesis, antibody formation, and virus mul- 
tiplication. As is not surprising, the ook 
is strongest in the two areas with whic) the 
author has been directly concerned— «nt! 
bodies and viruses. One cannot {vil to 
admire the scope of the author’s gr<p of 
the literature and the fact that in eac! area 
he shows not only the breadth that «omes 


(Continued on page A176) 
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New Ideas in the Four-Year Curriculum, the papers 
read in the Symposium of the Division of Chemical 
Education at the New York meeting last fall, continue 
in this issue (page 246). We also would like to use 
this editorial page as we did last month to mention a 
trend that is appearing in present-day chemical train- 
ing. 

We noted last month the point of view based on the 
definition “Chemistry is what chemists do.’’ Students 
are being given the chance to act like chemsits by cut- 
ting their research teeth on problems rather than by 
being pacified constantly by sucking on exercises. 

A second trend in the point of view of chemical 
educators is the desire to make the undergraduate aware 
of the importance of the chemical literature. Even 
more than this is the development of familiarity with 
it by his having to use it. There is a remarkable con- 
trast implied in two remarks we recall having heard 
recently. One was made by a professor, now a special- 
ist in the use of chemical literature, who claimed that 
his undergraduate training (obtained some years ago) 
had left him unaware that Chemical Abstracts even 
existed. The other comment was made by a profes- 
sor who directs the work of the freshman chemistry 
students at a large university. He was discussing his 
attempts to find a practical scheme for getting his 
large number of first-year students to use the chemistry 
library for course material. 

Some institutions have been fortunate in having in- 
dividuals on their faculties who have developed very 
successful courses in the use of the chemical library. 
Not all attempts to do this have succeeded. Some 
such courses have been noteworthy as series of dreary 
trumped-up exercises or as lists of exasperating puzzles. 
Other institutions have not found it practical to add 
another formal course to an already crowded student 
program. 

We do not share the apprehension of those who de- 
plore the absence of such courses from the majority of 
chemical curricula. Rather we point to the increasing 
emphasis being placed on requiring a student to use the 
literature over and beyond parallel textbooks and hand- 
books as a source of information for his conventional 
course work. The technique of accomplishing this 
takes many forms; we shall mention only a few. 

The “research theme” is invariably a part of the 
work assigned to every college freshman in his English 
course. Why should not the chemistry major write on 


a subject for which he has sought his material in the 
chemistry library? Is this not the chance for some 
intra-campus cooperation on the part of a chemistry 
faculty? Qualitative analysis courses which are cli- 
maxed by unknowns containing ions not previously 
encountered in the laboratory usually fill the library 
with students curiously searching the reference liter- 
ature. Analytical Chemistry as well as the treatises on 
identification methods become trusted companions 
when the laboratory assignments of the analytical 
course require more than mere non-critical adherence 
to the textbook procedure. Even the student begin- 
ning his organic chemistry and German simultaneously 
ean check his Schmelzpunkt and Siedepunkt in Beil- 
stein. “Open library” examinations which require a 
search for data are bound to develop a chemical matu- 
rity in the student of physical chemistry which cannot 
come from mastery of a single textbook. 

Obviously the trend to incorporate some research 
into the undergraduate’s training also will accomplish 
the developing of an acquaintance with the library and 
its contents. The kind of a program we applauded 
last month demonstrates to the student chemist that 
he will always have two sources of information avail- 
able to him as a practicing chemist: the literature and 
the laboratory. A chemistry major on a campus where 
an independent study project is required of all students 
is the envy of those in other disciplines when he tells 
them of the efficient start that a search of Chemical 
Abstracts provides for him. 

We are sure that we have not been talking about 
gimmicks or fads in chemical education. (It is always 
humbling to talk to a really great chemistry teacher and 
find that he has been doing these things for years!) 
It is encouraging to see how widespread both the re- 
search approach and the use of the literature are be- 
coming. We recall the unexpected course taken by 
the unrehearsed open discussion accompanying the 
round-table on the topic “Undergraduate Research”’ 
at the 1954 fall A.C.S. meeting. Almost half of the 
spirited exchange of ideas dealt with ways of conduct- 
ing the conventional courses so that the student can 
make discoveries rather than merely get answers. Let 
us hope that the ingenuity ‘of teacher chemists will be 
able to provide these same emphases in the training 
of the large numbers of students which are expected 
in the future. 
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BIOLOGY AND CHEMISTRY’ 


I rurnx it would be correct to say that the extent of our 
present knowledge of biology is to a large measure the 
result of the contribution of chemistry. The reverse is 
true as well, for certainly biology has contributed to 
chemistry also; there has been a mutual parasitism or 
dependence, that has, with time, taken on an ever in- 
creasing importance. The benefits of this commensal 
arrangement are so diverse that it is hard to compare the 
two, although probably the boost that chemistry im- 
parts to biology is of greater importance than the gain 
chemistry derives from biology. The reason for this, 
and in fact the most obvious thing one can say about 
these two areas of natural science, is that they represent 
artificial subdivisions, or at least they are not subdivi- 
sions that should in any way oppose one another, for, 
after all, living organisms are heaps of chemical sub- 
stances. 

There are certain important and active areas of bi- 
ology today that are, at least in their basic outlook, es- 
sentially non-chemical. The study of evolution is a 
good example, for the fundamental concept of natural 
selection is foreign to the world of simple chemical solu- 
tions. The study of evolutionary mechanisms there- 
fore appears far removed from chemistry. However, it 
is not wholly removed; there are now two well-known 
books on “biochemical evolution.” But these studies 
are only secondarily important in the study of the work- 
ings of selection, and their prime value is to show that 
changes can be demonstrated in chemical constitution 
as well as gross morphology. It is a modern revival of 
the classical morphology, but on the finer molecular 
level, and as with the older work the adaptive advantage 
of each change is a matter of important speculation. 

Another non-chemical field is animal behavior—the 
study of instincts, tropisms, learning, and related 
processes. This is one of those areas where presumably 
the ultimate analysis of the problem will be highly 
chemical and the only justification for calling it “non- 
chemical” at the moment is that our ignorance of 
mechanism is so profound that we are miles away from 
the goal. Since living organisms are masses of chemi- 
cals, we ultimately look forward to an understanding of 
living processes in molecular terms, and when we say a 
subject is “strictly biological” we mean that we are 
especially blind as to how it works. It should be added 
that in recent years there has been an interest in the 
effect of hormones and other substances in the blood and 
the results have been sufficiently rewarding to justify 
our saying that the chemical analysis of behavior has at 
least begun. 

A final example of a non-chemical area of biology 


1 This address was delivered at the conference on “Science in 
Perspective”’ held at Randolph-Macon Woman’s College, Lynch- 
burg, Virginia, November 12-14, 1957. 
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might be ecology, the study of the relationship of ‘he 
organism and its environment. Originally, as an off- 
shoot of the older natural history, ecology was con- 
cerned with population densities, distribution, prey- 
predator relationships, and similar phenomena, «nd 
although these interesting studies continue today, the 
change has been a keen awareness of the importance of 
chemistry. As one case of many, the spacing of plants 
in a forest was for many years a matter of measure- 
ment, but as the causative factors were sought it was 
found that vlants give off toxic substances in the soil 
that inhibit the vegetation about them, and in this way 
they stake out their territory. For other examples of 
the rise of chemistry one need only turn to the ecological 
studies in fresh and salt water; the slightest alteration 
in the chemical constitution of the water may have a 
profound effect on the aquatic organisms. 

It is perhaps somewhat easier to argue for a pure 
chemistry for there are so many chemical substances and 
processes that are not found in living organisms. But 
then the opposite is true as well and often the pure 
chemist leans heavily on biological material. Take, for 
instance, the organic chemist who is interested in the 
chemical structure of terpenes. It is from the naturally 
occurring terpenes that he obtains his main clues as to 
how the substances can be put together; this is the basis 
for his syntheses. Organisms are packages of a vast 
variety of different substances and they provide endless 
material for the chemist. 


CHEMICAL STRUCTURE OF BIOLOGICAL MATERIAL 


There is one aspect of the dependence between biolo- 
gists and chemists that is of special interest. Being a 
biologist I have often wondered why first-rate organic 
chemists are willing to devote so much of their time to 
help a biologist with his problems. For instance, it is al 
everyday occurrence for a biologist to discover that 
some animal or plant produces a substance that is of 
key importance in its life history. Frequently it is a 
hormone that has been isolated and upon injection pro- 
duces some striking specific effect. The biologist will 
now approach the chemist and ask him to identify the 
chemical structure of the substance. Arrangements are 
made whereby the biologist supplies crude extracts and 
the chemist proceeds to make an analysis, often a l:or- 
ious and difficult procedure, all for the purpose of sup- 
plying the biologist with a structural formula. ‘his 
pattern has been repeated over and over, with great 
success, and I mean by success that all concerne« are 
content. There is something clean and _ satisiying 
about finding the chemical structure of a compound that 
does important things within an organism. In fact ! 
suspect that sometimes the satisfaction that come ex- 
ceeds the real value of the discovery. 
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What does the biologist gain? He gains information 
that may be of theoretical interest (if the compound is 
related to some other known compounds) but more 
likely the value is practical for now he might conceiv- 
ably have a bottle of the synthesized substance on a 
shelf and perform further experiments under controlled 
and known conditions. Being far more puzzled by the 
advantage to the chemist, I asked a few chemist friends 
whether they did the work to be friendly to biologists or 
whether they had some reason of their own. They were 
shocked at my question and informed me that such new 
materials of biological origin presented chemical prob- 
lems of the first importance often involving the de- 
velopment of new methods of analysis. What puzzled 
them was why intelligent biologists were willing to 
spend hours of hard labor providing raw material for 
them when the biologists had so little to gain. So you 
see it is a perfect case of symbiosis as I said before, and 
furthermore both sides imagine themselves to be the 
ones to have all the advantages. 


RISE OF BIOCHEMISTRY 


So far I have talked of chemistry and biology, but 
the most striking event that has occurred in recent 
years is the rise of biochemistry. It is truly a geometric 
rise for in the nineteenth century there were a mere 
handful of biochemists, but now the number is stagger- 
ing and seems to continue to move upward. In the 
nineteenth century ‘“‘biochemistry” was not recognized 
as a separate discipline and often it was a chemist like 
Louis Pasteur who turned his attention to biology, 
although there are cases of physiologically minded bi- 
ologists who contributed as well. In the early part of 
this century the discrete subject of biochemistry arose, 
creating, as one might expect, considerable resentment 
on the part of both chemists and biologists. But the 
subject was so obviously a rather specialized branch of 
chemistry, and an equally specialized branch of biology, 
that while there were general complaints, the biochem- 
ist was left alone to carry out research in no man’s land. 

Success came rapidly in the early years of biochemis- 
try; there were many notable advances such as War- 
burg’s studies on the mechanism of cell respiration. 
Biochemists became respectable solely by the magnitude 
of their own discoveries. With the success came great 
hordes of young and enthusiastic scientists and the re- 
sult is really an extraordinary progress, certainly with- 
out parallel in any other field of biology. The possible 
exception to this sweeping statement might be the 
progress of genetics, but as I will show presently, 
genetics is now inextricably wound up in biochemistry. 

A most striking way to see the turnover in facts and 
concepts in biochemistry is to look at a textbook 15 
years old and compare it with a modern book. There 
are whole areas that did not exist then that are with us 
now, and we all have the easy conviction that in 15 
more years we will see equally large changes. Fifteen 
years ago we did not know about high energy phosphate 
bonds, the structure (or the importance) of nucleic 
acids, or the chemistry of the contractile proteins of 
muscle. These are not trivial discoveries but major 
steps in our progress. 

There is an important human element—a matter of 
attitude—that enters into the relation of biology and 
chemistry. On more than one occasion I have heard 


VOLUME 35, NO. 5, MAY, 1958 


non-chemical biologists say that since the future of 
biology lies in biochemistry, there is little point to their 
own work; they must either stop and become biochem- 
ists or go into the insurance business. I strongly dis- 
agree with this abject position. Our ignorance of bio- 
logical phenomena is so large that there is ample room 
for significant advances on a purely biological, or non- 
chemical level. As an example, the major events until 
recently in the progress in genetics have been biological, 
and biological information of heredity is still eagerly 
sought. 

On the opposite extreme, and this is an old refrain, 
some say that living processes are so complex that any 
analysis on a purely chemical level is doomed for either 
chaos or over-simplification. This brand of defeatism 
is used to justify biologists being biologists and aggres- 
sively refusing to take notice of biochemistry. Like all 
extremes this attitude will do little more than make a 
few insecure biologists sleep better at night. It is true 
that it has become increasingly difficult to be both an 
active biologist and biochemist at the same time for the 
facts in both areas have become too numerous, but 
nevertheless this is no justification for ignoring the 
other area. A person with a well-rounded education 
has nothing but gain, and it is with this in mind that in 
our training programs today all biologists are given a 
good load of organic, physical, and biochemistry. 


CELLULAR CHEMISTRY 


The great difficulties (and therefore the great hopes 
for the future) lie in certain areas of biology where we 
have large masses of biological information and masses 
of biochemical information, yet putting the two together 
in one picture is impossible. Cell metabolism is a good 
case in point. Every year new facts are added and new 
steps established in the chemical pathways involved in 
the burning of fuel in cells. In aerobic organisms oxy- 
gen and fuels such as sugar are taken into cells and these 
are burned giving off carbon dioxide and water. This 
is the same process of combustion that occurs in a coal 
furnace but the difference lies in the fact that the fur- 
nace is made of iron, while the cell is made up of the 
same materials it burns. This means that in living 
organisms the heat must remain low and be given 
off slowly in small amounts or else we would consume 
ourselves with our first mouthful. It is now well known 
that the rates of the combustion reactions are con- 
trolled by enzymes which are catalysts and catalysts 
can either speed up or slow down chemical reactions. 
However, the conversion of sugar to carbon dioxide and 
water is not made in one enzyme-controlled step, but 
many; in fact one of the ways in which the speed is 
controlled is by having a large number of small steps 
each governed by a specific enzyme. There are still 
many details of this elaborate process that continue to 
elude the biochemist, but the major steps are well known. 

One further realization that has become increasingly 
stressed is that the rate of combustion is also controlled 
by the spacing of the enzyme systems. It is an old 
observation that if the cells are macerated their com- 
bustion rate will go way up and it is presumed that by 
disturbing the spatial arrangements certain pathways 
have become short-circuited. In fact it might be com- 
pared to the maze of wires in a television set which 
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draws the current for its effective operation at a slow 
steady rate, but should you stir up the insides with a 
hatchet there will be a sudden flash of energy utiliza- 
tion and then darkness after the fuse has gone. 

Recently I went to a conference on cellular chemistry 
and the discussion was summarized by one of the 
speakers. He showed a photograph from Life maga- 
zine of a forlorn French postman standing over his 
bicycle which had been taken apart so that all the pieces 
were laid out in a disorganized mess before him. This, 
he said, is how a biochemist feels about all the reactions 
he discovers; the problem of putting them together in 
the cell seems still a Gargantuan task. 

There has, however, been some progress. In the first 
place, gross chemical studies of different cellular con- 
stituents have shown that certain enzymes lie in certain 
parts of the cells. Of special importance are the small 
bodies called mitochondria which apparently harbor 
some of the key enzymes. But this is morphology on an 
extremely crude level and there is now an avenue for a 
far more refined approach. This is through the use of 
the electron microscope. Even though this instrument 
has been known for some time it is not until recently 
that the technique of preparing very thin sections of 
cells has been perfected. Years ago biologists were 
talking about the cytoskeleton, the structure that could 
not be seen with the ordinary microscope, and now we 
can at least approach it. Although the magnification 
of the electron microscope is far greater than that of the 
light microscope, the images are still too small to see 
molecules, with the exception of especially large protein 
molecules. Yet there appears beautiful order and 
structure in cells where before none was known. The 
mitochondrion, for instance, is in some forms an elab- 
orate labyrinth of plates like a condenser. And now 
that we can see this detail we have to label it; we have 
to show the chemical, the molecular constitution of the 
different fine structures we can observe. This is a pos- 
sibility which has suddenly opened up and now the 
anatomist and the chemist must unite, for the future 
of histochemistry should be very bright. 

If we look to other areas of biology, we can find 
cases where there is more of a blind groping. One that 
is of special interest to me is chemical embryology. 
The problem here is that the process of development 
is poorly understood in biological terms and therefore it 
is impossible to predict wherein lies the future break- 
through. Both the experimental morphologist and 
his more biochemically minded counterpart are work- 
ing shoulder to shoulder (which is as it should be) 
for the sudden insights may come from either one. 
Embryology is still at the stage where it is trying every- 
thing, but the information that we have at the moment 
is somewhat of a rubble. We know of many enzymes 
and other substances that are present in eggs and de- 
veloping embryos; we know how these substances be- 
come altered at successive stages; but the meaning of 
these changes escapes us. It is a field beset with 
‘working hypotheses” but no immediate prospect of 
any single conceptual framework. 


CHEMICAL CONCEPTS IN GENETICS 


I suppose the situation in development would not 
seem so bad were it not for the extraordinary advances 
of genetics in the past 50 years. This is an instance 
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where there has been a major breakthrough and son.e 
clear basic connecting principles. Genetics is many 
years ahead of embryology even though the two fieliis 
are closely allied, for what is inherited is a specific mole 
of development. The first step (which went unappre- 
ciated for many years) was the discovery of certa.n 
regulations or laws of inheritance set forth by Mend:1. 
The next step was to understand the cellular mech.- 
nisms whereby these laws could be explained, aid 
through the work of Morgan and others this led ulti- 
mately to the concept of the gene and the order of the 
genes upon chromosomes in cells. 

Once these all important concepts were established 
there immediately arose the matter of the chemical 
constitution of the gene and since then the science of 
genetics has (with great profit) contracted a case of 
creeping chemistry. Of all the problems, however, the 
molecular nature of the gene has been the most elusive 
and remains problematical. The genetic information 
about genes is highly complex; sufficiently so to exclude 
any crude hypothesis such as a series of single chemical 
molecules beaded on a string. Again here the problem 
of structure and molecular configuration is thought to 
play a vital role in the biological actions of the chemical 
substances that somehow make up genes. 

More rapid progress has been made in the relation of 
genes to the chemical substances they affect. This new 
spurt stems from the discovery of Beadle and Tatum 
that certain molds, which synthesize many of their own 
vitamins and essential food substance, can give rise to 
mutants that are unable to perform some specific syn- 
thetic step. This has provided a system for studying 
the genetic control of cellular biochemical steps, and the 
result is that we now know many of the naturally occur- 
ring enzyme steps and the genes concerned. These in- 
vestigations have been carried on in bacteria as well and 
we are in the midst of a period of flowering of biochemi- 
cal genetics. There are still innumerable basic ques- 
tions to be answered but new discoveries are coming 
rapidly. In a way the developments of genetics serve 
as a model of how effective this fortunate symbiosis 
between chemistry and biology may be. 

If we look to the future and indulge in the easy prac- 
tice of speculation, then I suppose one could say that 
the merger of chemistry and biology will become even 
closer and more intimate. Of special significance are 
the problems of molecular configuration and the role of 
spacing or structural relations in the living activities. 
But predictions of a more specific nature are certainly 
pointless. Our erstwhile Secretary of Defense, Mr. 
Charles Wilson, was castigated for the remark that 
basic research is research where you don’t know what 
you are doing. If his intent was derogatory (aid | 
fear it was) then I do not agree. But as a description 
of the frame of mind that leads to new discoveries it is 
accurate. Foundations constantly ask what are:s of 
biology are likely to lead to new important discoveries, 
what topics should be showered with dollars. ‘t is 
fortunate that we are all groping for new insights i) all 
the different areas and it is impossible to say whic! will 
lead to success. I say fortunate in that everyone !:as a 
chance and as in a horse race the odds are often mis- 
taken. But whatever the future of biology, it is absurd 
to imagine that chemistry will not be central; | ving 
organisms cannot crawl away from their own subst: 11¢e. 
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T se water shortages, local and general, that arise in 
various parts of the world are being brought increasingly 
to public attention and receiving correspondingly 
greater allotments of research funds. Scientists and in- 
ventors are encouraged to devise ways of converting 
foul water to pure and creating new water where none 
yet exists. The most insistent demands are for irriga- 
tion water in spite of the probability that currently 
the most acute need is for potable water in a few 
localities. Not the least pressing need, therefore, ap- 
pears to be mutual education—of the technologist 
concerning what is needed, and of the public and its 
administrators in regard to what is feasible or even 
within the realm of technical possibility. 

These notes have been compiled by a technologist 
searching for hydro-political education. Source ma- 
terial has been papers collected in the volume “The 
Future of Arid Lands” and a companion volume 
“Water for Industry” which covers the Boston sym- 
posium held by the American Association for the 
Advancement of Science on December ‘29, 1953 (1). 
Together with Professor Gilliland’s article on means for 
water conversion (1/6) and a collection of papers on 
industrial and regional water problems published in De- 
cember, 1953 (13), these books outline many of the 
problems and remedies so far recognized. Other recom- 
mended reading is an article by A. P. Black in a bro- 
chure from the Southern Research Institute (5), the 
survey by Richard Hoak (3), and the reports issued 
annually since 1953 by the Saline Water Conversion 
office of the United States Department of the Interior. 
The most recent collection of papers is in press for the 
National Academy of Sciences as the ‘Proceedings of 
the First International Water Conversion Symposium,” 
held in Washington, D. C., November 4-6, 1957. 

The writer’s first written attack on the water problem 
appeared in Industrial and Engineering Chemistry (4) 
and this, the second, starts from conclusions reached in 
the first. 

The Water Problem Has Come to Stay. Together with 
care for the atmosphere, the conservation and repuri- 
fication of water will grow in urgency with the passing 
years and may well become the limiting factor to pop- 
ulation on this earth and a major cause of strife. 

Water Will Be Expensive. In prodigal supply from 
nature and often of negative value (as flood victims will 
testiiy), delivered water, water-where-you-want-it, will 
bear a dollar label like the label on distributed heat or 
power or the telephone. 

The Cost Will Appear Reasonable. The cost will 
appear reasonable when it has been accepted as a normal 
item in the economy. The hopeful projections of those 
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who dream of cheap “water for the world,” admirable 
though they are in intention, are in the writer’s opinion 
as mistaken as they are obstructive to progress. 

No artificial illumination can compare in quantity 
and cheapness with daylight, yet most of our office 
buildings operate on electric light with the shades drawn 
and factories are often built without windows at all. 
No man-made ice can compare in cheapness or volume 
with the ice of nature; there are millions of cubic miles 
of fossil ice on Greenland and the antarctic continent, 
yet we make expensive little ice cubes in every kitchen 
and forget the cost. The lure of the artificial product 
is convenience, ubiquity, and subservience to the whims 
of human need. 

In spite of this now obvious outcome, the early days 
of both fluorescent lighting and domestic refrigeration 
were beset by the calculators, surveyors, and argu- 
mentative persons who purported to prove that the 
manufactured product could not be competitive with 
nature. We are going through just such a period with 
regard to water. May we emerge from it rapidly! 

There is no intention to leave the impression that 
efforts should be relaxed in the search for new irrigation 
water. If our factories are lighted with electricity, 
crops are still grown by sunlight. The point is that the 
two ends of the water problem are as widely separated 
as the lighting problem and pose utterly different 
questions. 


A HYDROGRAPHIC REVOLUTION 


It is axiomatic that cities have started only where 
there is some sort of water supply. The primary need 
is always for potable water even though the secondary 
consideration may have been power or transportation. 
This has positioned most great cities on the banks of 
large rivers, generally where they pass into the ocean. 
We talk of ourselves as becoming short of water today, 
but our basic frustration, surely, is that we cannot live 
or operate where we will simply because we cannot 
conjure up non-existent water or convert foul water to 
usable. Conversely, the revolution in our attitude, 
which is taking place almost unrecognized, is that we are 
determined to live where we want, and we will induce 
the necessary water. 


WATER INDUCTION WILL BE A 
STEPWISE DEVELOPMENT 


The word “induction” has previously been borrowed 
to describe the act of procuring water artificially. 
There are three important ways of inducing water: 
(1) by rerouting of existing usable water; (2) by 
converting existing but unusable water; (3) by creating 
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new liquid water, for instance by extraction from the air. 
Excluded from this specialized meaning of induction is 
the ordinarily practiced distribution of city water and 
the like. 

The three main means of induction extend in applica- 
tion by smaller or larger steps from the survival of the 
hard-pressed individual to market gardening and agri- 
culture—and ultimately, no doubt, to the irrigation of 
the arid areas of the world. Success with an earlier 
step is likely to facilitate a later step and may indeed be 
a prerequisite for so doing. 

For example, a device that would produce a quart of 
drinking water in the dry desert would enable a man to 
survive while he dug a well. The well (step 2) might 
regrettably give unusable water, but a converting de- 
vice might be installed (step 3) to make, say, 1000 gal- 
lons a day of potable water which would enable the man 
to establish a home and family. More wells and con- 
verters (repeat, step 3) could bring more persons and 
farm animals to the neighborhood, and presently the 
group could be important enough to warrant an irriga- 
tion canal (step 4) from a distant river. With quanti- 
ties of induced water now coming in, the problem of 
disposition of waste in a region with no natural outlet 
could become troublesome and a program of polluted 
water processing could be initiated which would yield: 
(a) reusable potable water; (b) fertilizer concentrate; 
(c) useless, dry waste, to be dumped. Thus, in a simple, 
hypothetical sequence a traverse has been made in 
imagination across a segment of the entire field of water 
induction engineering. 


CONVERTED VERSUS NATURALLY 
INDUCED WATER 


The example started with a quart of water extracted 
from the air and ended with an acre-foot per day, an 
increase of a million times. Had the acre-foot been ex- 
tracted from the air instead of delivered by canal, the 
cost would have been multiplied many thousandfold. 
The total quantity of water falling from the sky (6) 
onto the five continents has been computed as 3.5 X 
10" gallons per second. The Mississippi in flood alone 
sends 1.8 X 10" gallons a second into the ocean—many 
times more in one second than Greater New York City 
uses ina day. A modest backyard in New York State 
will receive an acre-foot of water in a year which will 
disappear without fuss or reminder; yet by August the 
occupant may be buying water for the lawn. The 
326,000 gallons of the acre-foot were free, the purchased 
water will cost perhaps 25 cents per 1000 gallons. 
Induced water will cost more, and converted, dis- 
tributed water much more than this, and there is not 
enough wealth in the world to process more crude water 
than a tiny fraction of what falls in rain. 

The writer is convinced that all major supplies of 
new, induced water must be derived from new and 
heroic measures of conservation, including flood control 
and especially the rerouting of rivers—a program which 
will stretch a hundred or more years into the future and 
involve expenditures of the proportion we currently 
devote to defense. It may be a presumption to call for 
vast measures and powers not yet possessed by man as a 
factual remedy for a situation, but only such measures 
appear adequate for the larger needs. 

Why, then, it might be asked, should so much atten- 


tion be paid to conversion of sea and brackish water:? 
It is because these have a vital local significance that can 
never be met by conveying bulk water from somewhere 
else. And the argument will be developed that salire 


. water conversion will influence, in turn, future plans for 


rerouting bulk water. 

The immediate task, then, and a great one, is to find 
out how to convert saline and other highly contami- 
nated waters, economically and reliably, to fresh water. 
If this can be done, coastal cities can become indepen:- 
ent of upland water and new cities spring up along tiie 
coast where there are no rivers. Easing the call on up- 
land water means, in the case of the longer river, easiig 
the competition between states. The direction of flow 
of water use becomes reversed, and the system—ex- 
panded by cyclic reuse or repurification of spent 
water—should liberate new large volumes for agricul- 
ture and urbanization of arid regions. Thus, the end 
effect of creating new dollar or fifty-cent water from the 
sea at the sea should be to make the five-cent water 
more plentiful where only five-cent water will suffice and 
liberate yet other five-mil water for irrigation. The 
millions of purchasers of expensively converted domestic 
water will receive a sort of “green stamp” bonus in the 
form of a greener agricultural economy. 


COSTS AND PERSPECTIVES 


How much will it cost the economy to initiate this 
turnaround water sequence? There have existed for 
many years cheap and reliable devices for softening 
city water and these are now augmented by ion ex- 
changers which provide completely demineralized water 
quite inexpensively. However, no process that we can 
imagine that uses chemicals will demineralize ocean or 
strongly brackish land-water on a large scale. If the 
water for Greater New York City should be taken from 
the ocean, the salts liberated in one day would supply 
the world’s needs for chlorides for a year. There would 
not be enough manufactured chemicals extant to op- 
erate the exchange process. ; 

Again, some natural waters and most used waters con- 
tain organic and other non-ionic contaminants and re- 
quire comprehensive purification. The only all-in- 
clusive means appears to be distillation. Thus, while 
there is a legitimate and almost unlimited field for chem- 
ical, ion-exchange and electrodialysis for hard and 
brackish waters, their discussion may be left to experts 
and the present article confined to the total processing, 
i.e., distillation of water, either from the ocean or pol- 
luted with non-ionic contaminants, which represents a 
second, equally unlimited field. 


THE DISTILLATION PROCESS 


There are three useful varieties: single effect, multi- 
ple effect, and recompression. Except for emergency 
use (water was distilled in the British Navy as ear!y as 
1600) or with cheap heat, as in the very promising -olar 
still, fuel costs for single effect distillation are pro)iibi- 
tive—a barrel of oil will not produce more than 15 bar- 
rels of water. Multiple effect stills, generally tripe or 
quadruple, will give 40-50 barrels per barrel of oil, and 
they have become accepted wherever fuel is unusually 
plentiful. The best known large installations, bot) at 
oil refineries, are: 
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. Yield of Equivalent 
water consumption of oil, 
per day per day, approz. 
Curacao 3200 tons 64 tons 
Aruba 1600 tons 32 tons 


For the large-scale conversion of water, these quantities 
of oil are fantastic. To maintain a flow of one acre-foot 
of water per day, seven acre-feet of oil would be con- 
sumed per year. To become competitive and useful 
away from the oil field, the multiple effect still will have 
to throw off the shackles of conventional engineering 
and encompass a great many more stages (6). 

Thus, an 8-stage still might be expected to develop 
some 6 theoretical effects and deliver 90-100 barrels per 
barrel. With fuel at $3 a barrel and with over-all 
costs, including amortization and operation, at twice 


fuel, at-the-still water could be produced for 
6 X 1000 
(0-100) x 55 = $1.05-$1.15 
per 1000 gallons in large installations 


The recompression still parallels the multi-stage 
still, but it offers two tremendous advantages. It 
provides a great many more equivalent effects and it 
does so with a single evaporator-condenser. The cor- 
responding drawback is that it requires mechanical 
power instead of low grade heat. The power is likely to 
be produced by a heat engine, itself not more than 33% 
efficient, so that in comparing costs it is necessary to 
divide the apparent number of effects by 3 and add the 
investment cost of the engine to the still. 

The compression still can withstand this down-grad- 


ing. A 30-effect machine can be readily constructed, 
leading to a 10-effect utilization of the fuel to give 190 
barrels of water from one barrel of 19,000-B.t.u. oil. 
The capital cost with Diesel power compares favorably 
with the cost of an equivalent thermal still, leading to 
at-the-still water of $1.50-$2 per 1000 gallons. 


THE TREND TO MINIMUM FUEL COSTS 


A previous paper (4) dealt with a rough approxima- 
tion of the absolute minimum expenditure of energy re- 
quired to separate salt from sea water (Figure 1). The 
quantity is somewhere near one B.t.u. per pound of pro- 
duced fresh water, supplied as mechanical energy 
(0.29 watt-hour), or about 3 B.t.u. in the fuel fed to the 
engine and still. In an idealized still, offering no 
thermal gradient and operated by a compressor which 
circumvented the losses due to adiabatic compression of 
the steam (both unrealizable), one barrel of 19,000 
B.t.u./lb. fuel would provide 6333 barrels of water. 
The largest yield we can envisage ever being produced 
by a real applied compression cycle is 2000 barrels per 
barrel and this we have referred to as the “absolute 
millenial optimum.” A good clean Diesel-operated 
Kleinschmidt still today gives 200 barrels per barrel, so 
that the range available for improvement is at most 
tenfold. Can this limited horizon meet future needs? 
The answer would appear to be affirmative for a great 
many classes of water user. 

The task is to cheapen the still and cheapen in like 
degree all the accessories, including the power. The 
user of a mechanical appliance does not always have to 
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Courtesy of Industrial and Engineering Chemistry (4) 


Figure 1. 
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Efficiency Trends of Various Water C ion Pr 


think in terms of primary fuel but may employ elec- 
tricity at so much per kw.-hr. The current, in turn, 
may soon be derived from nuclear fuel so that we may 
come to equate pounds of uranium or deuterium con- 
sumed with volume of water converted, which leads to 
the forecast shown in the table. 


Yield of Product Water from Present and Future Fuels 


Compression 1000 Aecre-foot Ratio, 
still of 1965, gallons per per lb. weight water to 
driven by lb. fuel fuel weight fuel 


il 1000:1 
2D* — He* 4900 1.2 


Using the generalized statement (Cister, W. L., Scientific 
Monthly, December, 1956, p. 295) that 1 lb. of uranium = 1300 
tons of coal, and that hydrogen when utilized as a fuel should 
liberate slightly less than 8 times more energy than uranium, 
weight for weight. 


Evidently future fuels can convert and reprocess un- 
limited quantities of water. The investment cost of 
water machinery becomes linked with the cost of new 
power plants and is, apparently, inseparable therefrom. 

Mechanical improvements to the still are concerned 
with (a) basic design, (b) equipment and instrumenta- 
tion, and (c) mechanical and chemical reliability, free- 
dom from scaling, corrosion, and down-time. 

Basic Design. The type of construction has hitherto 
been determined by the needs of the armed forces which 
are for massive, shockproof units, inheriting from high 
pressure steam practice. But a compression still could 
use the flimsiest components. The pressure differential 
between evaporating and condensing sides is at most a 
few pounds gauge and can be as little as a few inches of 
water. A simple container and a primitive fan compres- 
sor should be sufficient and, in small sizes, would lead 
to units differing little in form and complexity from a 
vacuum cleaner; in fact, the kind of stills defined could 
be classed as “vacuum hydro cleaners.” 

Equipment. The auxiliary parts of a compression 
still represent a large fraction of the cost. Unless the 
pumps, filters, feed-effluent heat exchangers, instru- 
ments, etc., can be cheapened in like degree, improve- 
ments to the still proper are largely wasted. 

Operation. The marine compression still has tradi- 
tionally required cleaning every few hundred hours, 
either by dismantling and mechanical removal of the 
hard, chalky deposit or by flushing with acid. The 
CaCO; = Ca(HCO;)2 = CO: equilibrium of fresh sea 
water is shifted at temperatures above 160°F. to favor 
calcium carbonate precipitation, especially if gaseous 
CO, is removed by the act of distillation: It is now es- 
tablished that temperatures below 150°F. are favorable 
to the delay or total repression of scale formation from 
ocean water, though there is little collected information 
concerning the scaling at low temperatures with hard, 
brackish waters. Information concerning the compres- 
sion distillation of filtered sewage, domestic municipal 
and industrial, is also lacking. 


THE COMPRESSION STILL: 
CURRENT AND FUTURE POSITIONS 


The modern still is preceded by a surprisingly large 
prior art. The idea was patented by Harrison (7) in 
England just one hundred years ago. There is no record 
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of a practical application. French and United Stats 
inventors took a hand at the turn of the century, also 
with no recorded success. The great engineering a‘- 
vance, inspired by a true understanding of the problei, 
came when Swedish engineer Olaf Séderlund with } is 
assistants, notably T. Boberg, described various tubul.r 
stills to operate under low pressure differentials (). 
A few such stills were constructed in Switzerland. 
Recently, the Escher Weiss Engineering Works of 
Zurich has put into operation a thermo compressi )n 
plant (2) for concentrating beet sugar with the astound- 
ing capacity of 790,000 gallons per day. 

The next radical departure was made by. another 
Swede, Nils Testrup (9), and an Italian, Carlo Bar- 
bareschi (10), who replaced the conventional tubular 
boiler-condenser with a rotating cone or drum. The 
crude water was picked up by or applied to the outside 
of the drum and maintained in relatively thick wobbling 
layer by slow rotation. Steam liberated spontaneously 
from the outside was passed through the compressor and 
fed into the inside of the drum where it condensed to 
pure water, returning its latent heat of evaporation 
through the drum wall and thus maintaining the evapo- 
ration process. The one essential feature for this geome- 
try, namely, high speed rotation to spread the fluids to 
the thinnest economical layers on both sides, was 
apparently missed by these inventors. 

It is not proposed to devote much space to a des- 
cription of the high speed centrifugal compression still 
(11), which this writer has been developing under the 
sponsorship of such agencies as the Rochester Research 
Corporation, Badger Manufacturing Company, and the 
United States Department of the Interior. It enters 
the argument because it illustrates in specific form the 
general, non-specific goal for the would-be water con- 
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Courtesy of Industrial and Engineering Chemistry (15) 


Figure 2. Diag of C tional Compression Still 


1. Boiler-condenser; 2. steam compressor; 8.  feed- 
‘effluent heat exchanger. 
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verter. The goal is to produce the least expensive barrier 
through which water can separate from salt with the least 
expenditure of energy and the least supervision and main- 
tenance. 

This rule can be applied to any known separation 
process, and success will depend on the favorableness of 
the cycle and the ingenuity of the engineer. The mem- 
brane of the electrodialysis process already meets the 
criteria in great degree and it will inevitably continue to 
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Figure 3. Diagram Illustrating Principle of Centrifugal Barrier 
Compression Still 


improve. A large cheap surface is also being realized 
in the solar still, and in certain freezing processes which 
utilize the area of a multitude of water crystals. 

In the centrifugal recompression still the cheapening 
of the barrier is achieved by using a series of thin metal 
cones instead of boiler tubes and these extend both area 
and rate of transfer of heat. If a conventional compres- 
sion still realizes an over-all coefficient for condensation, 
heat transfer and evaporation of U = 650 B.t.u./(hr.)- 
(ft.2)(°F.), then the centrifugal still routinely gives U 
< 2500. Figure 2 shows the conventional compression 
still cycle and Figure 3 the application of the centrifugal 
barrier principle. Photographs of early experimental 
centrifugal compression stills have been reproduced in 
Industrial and Engineering Chemistry (15), which see. 
Figure 4 is a side view, panel removed, of a small house- 
hold still developed by Aquastills, Inc., to deliver 
300-500 gallons per day of product water from sea water 
or brackish waters. 

Designated capacities, 100 or 25,000 gallons for a 
given unit per day, are somewhat arbitrary. As input 
to the still is increased, the yield increases as the square 
root of the power consumed. Four times the power 
gives twice as much water and all the water costs twice 
asmuch for power. The capital investment, however, 
iscut nearly in half and the total cost is the summation 
of power, amortization, and maintenance. Power 
costs descend toward a minimum for salt and water 
handling if the still boiler (barrier) is sufficiently large. 
Therefore, the greatest advance can come from cheapen- 
ing the boiler barrier. 

A parallel required advance is to cheapen the feed 
versus effluent heat exchanger (12) coupled with lower- 
ing the temperature of distillation. This aspect of the 
problem has not received the merited consideration 
ince Dr. Kleinschmidt first drew attention to it. 

The present distillation position is that compression 
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stills can be built to operate at from 3-10 watt-hours per 
pound of produced water, the power being chosen to fit 
the circumstances. This is the realistic range; and 
plans can be matured with confidence using these 
figures. (Note: The range of water costs is purposely 
expressed in terms of power, not dollars. The dollar 
costs of power, still construction, and operation-main- 
tenance are all highly variable but all are amenable to 
reduction by human ingenuity. The basic cost of 
coverted water with power at 5 mils per kw.-hr. is thus 
12.5—42 cents per 1000 gallons; the delivered cost after 
amortization is anybody’s guess.) 


ADAPTING THE STILL TO USE 


Sea Water. Although this imposes the highest 
normally met salt load, it is the only uniformly dis- 
tributed foul water feed, and this permits standardiza- 
tion of manufacture and maintenance procedures. 

Brackish and Well Waters. Surface waters loaded 
with calcium sulfate, silica, and iron; and well waters 
charged with COs, or holding correspond- 
ing quantities of lime and magnesium in unstable 
solution, present hazards to any mechanical barrier 
process whether this be distillation, dialysis, osmosis or 
other, because of precipitation at the transfer interface 
and in the auxiliary equipment. This means that each 
process must be tested with each type, and even sub- 
type, of water and an objective conservative appraisal 
made by the supplier before the user is allowed to take 
possession of the converting machine. For certain 
waters it will undoubtedly be found that there is as yet 
no easy, trouble-free method of purification. 

Fortunately, the most prevalent contaminant of wells 
is common salt. In many parts of the world—the 


Bahamas, the Tia Juana Valley (13), San Diego, parts of 
New Jersey, and western New York, to pick random ex- 


Figure 4. Aquastills, Inc., Model B Still for Household Use. W. H. 
Hogan, Designer 
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amples, the water table is becoming lower, and wells that 
once gave potable water now run brackish. A conver- 
sion process that will permit the reuse of abandoned 
wells will be critically important. 

Here, in comparing the merits of electrodialysis with 


compression distillation, one must remember to credit — 


the latter with a dilution factor. Thus, if water is 
brought from an unusable 800 p.p.m. of solids to an 
acceptable 300 p.p.m. by electric treatment, then the 
comparable costs for distillation should be adjusted 
downward by (8-3) /8 because the distilled water can be 
reblended with the feed to make a larger volume of 
300 p.p.m. product. 

No real difficulty is foreseen in providing satisfactory 
conversion means in the near future (that is to say, 
right now) for many well waters. A far more trouble- 
some problem is the disposal of the resulting extract. 

Converter Residue Disposal. The salt concentration 
in the residue effluent from a converting device varies 
according to the degree of feedback employed. With 
no feedback and a 2:1 feed:distillate ratio, the residue 
from an 800 p.p.m. feed will be 1600 p.p.m. If four- 
fifths are reblended with one-fifth new feed, the one- 
fifth discarded will contain 8000 p.p.m. or 0.8% solids. 
At some concentrations, generally between 0.5% and 
5.0% salt, solids will separate troublesomely and an 
appropriate residue must be discarded. 

In sparsely settled arid districts the residue can ve 
dumped into the ground but in urbanized regions it 
must be conveyed to the ocean, to a communal solar 
pan, to a communal residue still, or to a domestic solar 
pan. 

The quantities of solids to be accommodated from the 
last three alternatives are large but not prohibitive. 
For instance, the quantity of surface water in California, 
said to be raised by pumping (73) is 10 million acre-feet 
per annum. Much of this water is excellent quality 
but some wells show 500 p.p.m., some have been aban- 
doned at 700 p.p.m., and others at 2000 p.p.m. If we 
assume that 1% of the pumped water were to be con- 
verted from 1000 p.p.m. to 200 p.p.m., the aggregate 
dry residue (sp. gr. 2.0) from 100,000 acre-feet would be 
0.8/2 = 0.4 acre-feet per year. A moderate sized 
quarry would accommodate the residue for many dec- 
ades. An isolated residence using 500 gallons a day 
might discharge 5-10 gallons per day of residue solution, 
for instance, to a small shallow cistern, say 8 ft. X 12 
ft., covered by transparent plastic or glass but open to 
the wind. With an average effective receipt of 1000 
B.t.u./day per square foot from sunlight, at least 90 
pounds of water should be evaporated leaving a residue 
1'/, inches deep per annum. In fact we look to see, as 
an integral part of the water picture of the future, 
water residue mounds near every inland village and 
town, similar to the mounds of a different kind of 
detritus of former civilizations that are today uncovered 
by archeologists. 

Industrial Waste. The problem is more specific in 
industry, and one aspect is easier in that avenues for 
effluent rejection are already in use. The immediate 
task is to reduce the use and increase the effectiveness 
thereof. The more obvious steps are a classification of 
in-process waters, reuse by passing the water from one 


class of service to the next, partial reclamation when 
pollution becomes prohibitive, and rejection of a final 
concentrate. The means for reclamation—distillation, 
chemical or electric, must necessarily be determined by 
consultation between the industry and process water 
engineers. However, the costs in power and equip- 
ment are likely to be in the range outlined and the proto- 
type means are already available. So much more 
cogent material has already been presented in ‘he 
various process symposia and monographs cited 
that the matter will not be developed further at ‘his 
time. 

Radioactive Waste Waters. Where extremely dilute 
solutions are concerned, ion exchange methods appear to 
be serving admirably. For more concentrated liquors, 
the costs of housing and remote control (14) are so great 
that any particular economy applied to the process 
itself would seem misplaced. While radioactive wastes 
are pressing items in the field of waste recovery, they 
would not seem to be the immediate concern of those 
charged with providing cheap water or cheap reuse of 
water. 


CONCLUSION 


The opinion is submitted that industry has at its 
disposal, buried in the early art (1856-46) and visible 
in recent proposals, means that are already practical for 
converting sea water and polluted used water into fresh 
water, at costs which are reasonable for a great many 
purposes. 

Steps that will convert opinion to reality are: 

Acceptance of a revised scale of costs which shal 
be considered reasonable. 

Acceptance of the technical means currently avail- 
able. 

Courage to put such means to practical use. 
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e OUR NATIONAL WATER RESOURCES' 


Or aw our great natural resources, water is most 
essential to the existence of man upon the earth. 
While the quantity of water on the surface of the 
earth and in the ground varies widely according to 
location, it circulates constantly over and through the 
earth so that its total volume, estimated to be 500 
billion cubic feet per second, or 200 times the flood flow 
of the lower Mississippi River, does not change. Even 
more important, this most valuable resource is not lost 
by use, is not conserved by non-use, nor can it ever be 
polluted permanently. Man’s activities do not 
diminish the quantity nor permanently impair the 
quality of the earth’s water, nor until comparatively 
recent years could he measurably affect its rate of 
circulation over and through the earth and in the air. 

In this country a widespread belief exists that we 
are facing a national crisis with respect to water supply. 
Recently a well-known columnist, after reciting some of 
the better known and more acute local water shortages, 
warned that “Our national water problem is critical 
and growing more so every hour.’’ Nothing could be 
farther from the truth. We have problems aplenty, 
some of them serious, but they are regional and not 
national in scope. Our 17 western states are already 
using perhaps 70% of all the water they may expect to 
develop at reasonable cost. A small city in Kansas is 
today hauling its entire water supply 23 miles, employ- 
ing a train of tank cars. In the state of Texas popula- 
tion has increased 287% during the 50-year period 
1899-1940, but in the same period water use has in- 
creased 7000%. 

During the summer of 1954, 1072 public water supply 
systems, serving 24 million people in 45 states, were 
forced to restrict the use of water by a part or all of their 
customers. All together, more than 16 of every 100 
persons served by public water supply systems had their 
water use curtailed, and 38% of United States cities with 
more than 100,000 population were included in the 
shortage list. 

The average per capita consumption of water in this 
country today is about 2000 tons per year, whereas all 
of our other requirements of food, fuel, building mate- 
rials, ete., total only about 18 tons per person per year. 
As a background for this study it will be of interest to 
examine the estimated total withdrawals and require- 
ments for water in the years 1950 and 1975 for the nation 
as a whole. The data are presented in the table. 
It will be noted that the estimated increase in water 
production during the 25-year period is 50% for munici- 


‘Based on a paper presented as part of the Symposium on 
Chemical Industry in the South before the Division of Chemical 
Education at the 129th Meeting of the American Chemical Soci- 
ety, Dallas, April, 1956. See also Bull. Southern Research Inst., 
8, No. 2 (1955). 
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Estimated Total Withdrawals and Requirements for 
Water in the United States—1950 and 1975 


Estimated 
requirements, 


Increase 
1975 —— 1960-75 —~ 
Billion % Billion % Billion 


gallons gallons % 
perday total perday total perday increase 
Municipal and rural¢ 17 9 25 7 8 50 
Direct industrial > 80 43 215 62 135 170 
Irrigation 88 48 110 31 22 
Total 185 100 350 100 165 90 


@ Roughly half of total municipal supplies are used industrially. 
+ Includes an estimated 15 billion gallons per day of salt water used in 
industry for cooling. 


pal supplies, 170% for industry, and 25% for irrigation. 

And yet these totals, vast though they are, are dwarfed 
by the corresponding totals of water available. Our 
average annual rainfall of 30 inches is equivalent 
to 4300 billion gallons of water per day, of which 
1300 billion gallons are available as runoff and re- 
charge, the remainder being lost by evaporation and 
evapo-transpiration. Our total present water use for 
all purposes is equivalent to only */, inch of rainfall. 
We have sufficient water stored in the Great Lakes to 
cover the entire United States to a depth of over six 
feet, and our underground water reserves are many 
times larger than all known surface water reserves. As 
a single example, it is estimated that ground water 
stored under the 6700-square-mile high plains area of 
Texas is five times that stored in Lake Mead behind 
Hoover Dam. However, the recharge rate is esti- 
mated to be less than 0.5% of the rate of inflow into 
Lake Mead, and that, of course, is the heart of the 
problem. We have heard much of water shortages in 
the industrialized Gulf Coastal area of Texas; yet it is 
estimated that current surface water demand is not 
more than 15% of surface water resources. Use 
of surface water along the Texas Gulf Coast is today 
estimated at less than 5,000,000 acre-feet per year; yet 
the runoff flow of the rivers is 43,000,000 acre-feet per 
year, or about eight times present use. In 1943 en- 
gineering consultants for the city of Houston predicted 
a demand of 268 million daily by 1970. The figure was 
reached in 1954, 16 years ahead of schedule. That 
water production has become big business is indicated 
by the fact that the estimated cost of the dam to 
impound a new surface supply and necessary improve- 
ments and extensions to the distribution system will 
total $62 million by 1960. 


WHAT IS A “WATER SHORTAGE?” 


It is extremely important at this point to examine 
what we mean by the term “water shortage.”’ A study 
made by the American Water Works Association of the 
1072 public water supply systems employing some 
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sort of water rationing in 1953 indicated that whereas 
27% of the communities of 10,000 or more population 
were found to need more water, 68% were found to need 
additional treatment and distribution facilities to deliver 
the available water to the consumers under normal 
pressure during peak conditions. 

The widespread belief that the nation’s water re- 
sources are declining is the result of two surveys, each 
made a number of years ago. In 1910 W. J. McGee of 
the United States Department of Agriculture sent a 
questionnaire to 33,000 township crop reporters request- 
ing information with respect to ground water levels. He 
concluded from the replies received that over a period 
of 25 to 30 years water levels had declined at a small but 
appreciable rate. Although his conclusions were later 
shown to be erroneous after a careful analysis of his 
data by the United States Geological Survey, the idea 
that water levels are declining had become fixed in the 
minds of a great many people. Substantially the same 
thing happened in the Report of the Mississippi Valley 
Commission in 1934. Actually, exact measurement of 
ground water levels made in recent decades by the 
United States Geological Survey and its cooperating 
state agencies shows that while there have been sub- 
stantial declines in water levels in many areas where 
local withdrawals have been high, there has been no 
apparent regional net decline in water levels within the 
period of record. Ground water levels have fluctuated 
with precipitation—declining in periods of low precipita- 
tion and rising during periods of heavy precipitation. 
Likewise, records of the measured flow of streams 
fail to show any generally significant long-term trends. 

Present shortages of water in a growing number of 
communities in the United States are primarily due, 
therefore, not only to inadequate planning as we have 
seen, but also to the fact that not only has our popula- 
tion increased but our per capita use of water has also 
risen. In 1900 the average per capita use of water in 
this country was 88 gallons per person per day. Since 
that time it has increased about one gallon per person 
per day per year. In 1950 it was 138 gallons per person 
per day, and in 1970 it will be 155 gallons. 


SOME IMPORTANT PROBLEMS 


Pollution. There are as many definitions of pollu- 
tion as there are people defining it. The Florida State 
Sanitary Code defines it as follows: 


Pollution means the contamination of any waters of the state 
so as to create a nuisance or render such waters unclean, or 
noxious, or impure so as to be actually or potentially harmful or 
detrimental or injurious to public health, safety or welfare, to 
domestic, commercial, industrial or recreational use, or to live- 
stock, wild animals, birds, fish, or other aquatic life. 


Other state statutes are essentially the same. To the 
writer “stream pollution” infers that there has been a 
change in the natural state of the stream and that 
such change has been man-made. 

Conditions promulgated by nature greatly exceed 
those made by man. Soil erosion puts a greater ton- 
nage of waste material into the nation’s streams 
than any human activity. This silt must be removed 
by some form of treatment before the water is suitable 
for most uses, and hundreds of natural storage reservoirs 
throughout the country are progressively losing their 
storage capacity as a result of sedimentation. 


One of the most realistic statements on the curren: 
stream pollution regulatory situation was given by 
Hedgepeth? at a meeting in 1952 before the Water 
Pollution Abatement Conference of the Manvufacturinz 
Chemists’ Association. He stated that there are 1 
hard or fast rules which control what is or what is not 
pollution. A discharge which is a reasonable use of 
stream under one set of conditions becomes an abu-e 
under another. Because of the ignorance factor of our 
work (and this clearly indicates the necessity for furth -r 
research) and the fact that nature herself plays tlie 
larger role, it is beyond the scope of human ingenui'y 
to devise an expression of what is or what is not a pollu- 
tion under all conditions of a stream. 

In considering the problem of stream pollution, con- 
servation should loom large in our thinking, and stream 
pollution should be regarded as an economic waster, a 
destroyer of recreation and a robber of the food that the 
nation’s streams can produce. The unrestricted pollu- 
tion of our streams and air can limit the development 
of our resources and impair our future growth. 

A program of pollution abatement should not be sold 
to the American people on the theory that the nation’s 
public water supplies are on the edge of danger and that 
the people must be fearful of their city drinking water. 
The fact of the matter is that the waterworks industry 
has kept well ahead of stream pollution. Endemic 
typhoid fever no longer exists in communities served by 
treated public water supplies, regardless of the degree 
of pollution of the raw water source. 

Salt Water Intrusion. The problem of salt water in- 
trusion is one which must be constantly guarded against 
in developing large volumes of ground water in coastal 
areas. When the ground water table is depressed be- 
low sea level by such large withdrawals within limited 
areas, there is a tendency for the heavier salt water to 
penetrate the porous aquifer either vertically or later- 
ally, resulting in the mixing of fresh water and salt 
water. Along the southern coast of California the 
water table has dropped as low as 75 feet below sea 
level, and salt water from the sea is moving inland at 
rates of up to 300 feet per year. In some places the 
land has sunk as much as eight feet. A great deal of 
study has been given to the mechanics of this process, 
both in this country and abroad, and it is now well 
understood and methods for its effective control have 
been developed. These include placing controls in 
all streams or canals discharging into salt water so as 
to prevent inland movement of salt water during periods 
of low water flow; proper spacing of wells; regulation of 
drawdowns. 


A PROGRAM OF CONSERVATION 


Conservation has been defined by President F'sen- 
hower as “use without waste.” Each region mus’ ask 
itself, ‘What are those things which should be dove to 
safeguard our vital water resources for use by future 
generations?” Several will be briefly noted. 

Accumulation of Long-time Basic Data. Although 
water must be classified as our most important n: ural 
resource, only a small portion of the United Sta‘ es 1s 
mapped in sufficient detail to plan with assuran « for 
the beneficial use of our water resources. With « few 


?Hepeepetu, L. L., “Pollution Problems of Indu-try— 
Realism or Dogma,’’ Water & Sewage Works, 99, 365 (195. ). 
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exceptions, long time data on rainfall, runoff, and ground 
water levels are inadequate and our quantitative infor- 
motion on evapo-transpiration—the greatest thief of 
all—can only be described as fragmentary. The 
United States Geological Survey, in cooperation with 
otler federal and state agencies, is doing a magnificent 
jo with the limited funds available. Time after time 
th: investigations which they have made have resulted 
in substantial savings, and lack of such investigations 
ha~ resulted in excessive or unnecessary costs. 

Reuse of Water by Industry. Industry has come to 
realize the importance of the reuse of water both as a 
corservation measure and as an economy measure. At 
Texas City the use of 160,000 million-gallcns-per-day 
cooling towers in the plant of Carbide and Carbon has 
reduced make-up to only 6%-8%. Celanese, at its 
Bishop, Texas, plant, recirculates cooling water 50 times 
before discharging it and has reduced its requirements 
from 230 m.g.d. to 4 m.g.d. 

Industrial Waste Treatment. While some industries 
have been able to recover valuable byproducts from 
their wastes, this-is the exception rather than the rule, 
and industrial waste treatment becomes an important 
item in the total cost of the manufactured product. It 
has been estimated that for every dollar’s worth of 
value added to a manufacturer’s product the cost for 
waste control averages $0.04. The estimated cost of 
waste control for the several plants representing a single 
industry in the state of Ohio has been estimated to be 
$40 million annually. 

Artificial Recharge. A great deal of study is being 
devoted to the mechanics of artificial recharge in various 
parts of the country. One of the most important 
of these has just been started in the Grand Prairie region 
of Arkansas. This area is the center of the largest rice- 
growing region of America where the withdrawal of very 
large volumes of water from wells exceeds recharge and 
has resulted in lowering of the ground levels. In this 
experiment the irrigation water, which must be drained 


off the rice fields at certain stages of growth, will be re- 
charged into the aquifer through drainage wells. In 
California substantial progress has been made in re- 
charging the effluent from sewage treatment plants. It 
is probable that the practice of artificial water recharge 
will steadily increase as techniques are improved and 
the necessity for conserving water increases. 


CONCLUSION 


In conclusion, we have found that while water short- 
ages do exist in this country they are regional, not 
national, in scope and the solution should be approached 
on a regional basis. This philosophy is well expressed 
in the findings of the Mid-Century Conference on Re- 
sources for the Future’ held in Washington in December, 
1953: 


Water is a most important vital resource. Considered nation- 
ally, it is abundant. However, ever-increasing demands require 
that it can no longer be taken for granted anywhere, even in the 
humid East. It is particularly vital in the West. 

Watersheds and drainage basin units have their own individual 
characteristics, and provide a natural and convenient basis for 
planning and operations. Their infinite variety requires indi- 
vidual treatment of problems rather than the wholesale applica- 
tion of any single generalized approach. 

The task of water resource conservation and development 
which is ahead of us is huge and important. The problems are 
often complex and transcend political boundaries. It will require 
all of our knowledge, skill, and ingenuity in order to do the job. 
It will also require mobilizing the best efforts of individual citizens, 
private agencies, and local public agencies to assume their proper 
responsibilities in this work, in cooperation with the Federal 
Government. 

With very large surface and ground water resources still 
available for development no one can doubt for a moment but 
that the aggressive spirit and technical know-how which have 
characterized this country’s development will be more than ade- 
quate to solve the problems of the future when they arise. 


3 “The Nation Looks at its Resources’ (1955). Final report of 
the Mid-Century Conference on Resources for the Future, 
Washington, D. C., December, 1953. Resources for the Future, 
1145 19th St., N.W., Washington 6, D. C. 


SHEMIKER ANEKDOTEN 


VerR.LAG Chemie, Weinheim, Germany, has published a little volume with this intriguing title. 
Its 71 pages contain glimpses into the lighter side of the lives of 66 famous chemists. Many 
whimsical drawings add to the attractiveness of this compilation by Joser Hausen under the 


auspices of the Gesellschaft Deutscher Chemiker. 


For a price of 4.80 Deutschmark, this book 


should provide many a chuckle to enliven a student’s struggle with the language examination. 

The editors of TH1s JouRNAL have received permission to reproduce selections. It is hoped 
that readers will try their best on their own before turning to page 237 where Professor JULIAN A. 
Smiru of Lenoir Rhyne College, Hickory, North Carolina, has supplied a translation. 


Nach seiner Emeritierung hatte Nernst sich auf seinem Ruhesitz eine Karpfenzucht 
angelegt. Als ein Kollege ihn fragte, weshalb er es nicht lieber mit der Hiihnerzucht 
versucht habe, antwortete er; ‘‘Man muss Tiere zuchten, die im thermodynamischen 
Gleichgewicht mit ihrer Umgebung sind. Warum soll ich mit meinem Geld den Wel- 


traum heizen?’’ 
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CARL AUER von WELSBACH 


Wusem OsTWALD, who made a special study of the 
characteristic features of eminent scientists, distin- 
guished between two types of research personalities: 
the classicists and the romanticists. The former work 
independently and place more stress on the content than 
the form of presentation; also they usually are not in- 
clined to teaching, particularly not large groups of stu- 
dents. In contrast, the romantic type works more ex- 
pansively and tries to awaken the interest of many in 
his achievements. Moreover, he is usually talented in 
speaking and writing; he attracts students readily and 
tends to develop them into collaborators. The mem- 
bers of both categories, however, regard research as an 
end in itself. They are not primarily interested in 
practical applications of their findings or in the mone- 
tary rewards that may result. However, there is a third 
class of research men: the inventors. They have the 
gift of recognizing the desires and needs of the great 
mass of people before the latter themselves know what 
they want and require, and by fulfilling these desires 
they become benefactors of mankind. Carl Freiherr 
von Welsbach was a fine example of this type of gifted 
discoverer. 

The Auer family hailed from Wels in Upper Austria. 
Carl Auer’s father, Alois Auer (1813-69) was uncom- 
monly gifted. He began as apprentice printer and on 
his own initiative studied English, French, Italian, and 
pedagogy. He brilliantly passed an examination at the 
University of Vienna and then became a language 
teacher in Wels and Linz. His memoir on the estab- 
lishment of a great “‘polygraphic” government institute 
brought to him directly the post of director of the Court 
and State Printing Office in Vienna (1841). Under his 
direction, this establishment acquired an international 
reputation. The Vienna press had the richest collection 
of types in the world. At the 1851 London Industrial 
Exhibition the Vienna establishment was awarded all 
five of the highest honors. 

Carl Auer, the youngest of four children, was born 
in Vienna in the old buildings of the Court and State 
Printing Office on September 1, 1858. His mother 
(born 1831) came from a business family in Wels. The 
boy was educated at a Gymnasium and then at a Real- 
schule in Vienna where he passed the final examination 
in 1887. He lost his father at 11, and the mother had to 
see to the education and bringing up of the children. 
Throughout his life Auer was closely attached to his 
mother, who was taken from him in 1910. 


STUDIED UNDER LIEBEN AND BUNSEN 


Even as a young boy, Auer was attracted to chem- 
istry, and he made it his chief subject as soon as he 


FRITZ LIEBEN 

University of Vienna, Vienna, Austria 

(Translated by Ralph E. Oesper, University of 
Cincinnati) 


entered the University of Vienna. His professor was 
Adolf Lieben (1836-1914). Robert Wilhelm Bunsen 
(1811-99), with whom Lieben had studied and taken his 
doctorate in 1855-56 at Heidelberg, was recognize: as 
one of the leading European chemists and teachers. 
Auer went to Heidelberg in 1880 and stayed {our 
semesters, receiving the doctorate in 1882. Asa student 
he showed the tenacious diligence, which so often 
characterizes those who have a spécial aptitude for 
science, and he studiously avoided the distractions of 
student life. Bunsen seemingly was impressed by the 
reserved Austrian student and recognized that the 
young man was endowed with exceptional experimental 
skill and observational powers. Bunsen’s instruction 
became the foundation on which Auer built his life’s 
work. He always held the great teacher and investiga- 
tor in high and grateful regard. After Bunsen’s death 
he acquired his library. 


RESEARCH ON RARE EARTHS 


It is said that Auer’s interest in the problem of the 
rare earths was awakened in Heidelberg—an area 
which he was destined to advance mightily, even though 
many eminent chemists had previously been active in 
this field. 

Full of zeal and new ideas, Auer returned to Vienna 
and re-entered Lieben’s laboratory. First of all he took 
time out to fulfill his military obligations. His first 
scientific study (1883) was presented before the Vienna 
Academy of Sciences. It dealt with ‘the earths of 
gadolinite from Ytterby.” It described an improve- 
ment of the separation procedure by means of the basic 
nitrates introduced by Bunsen. He precipitated 10% 
of the earths as oxalates, ignited them to oxides, which 
he then added to the solution of the nitrates, thus pro- 
ducing basic nitrates. In this way the ytterbia and 
erbia earths, for example, were separated into groups 
which could then be further divided by fraction! re- 
crystallization. 

As is well known, Bunsen, along with Kirchhofi, had 
made spectrum analysis a scientific tool. Here also 
Auer at this time made notable improvements i): the 
apparatus for producing spark spectra. It was thus 
made possible to follow much more closely the separa- 
tion of the rare earth metals. In 1885 Auer was «le to 
announce his first really great achievement, n:inely, 
the separation of didymium, the twin of lanth:.um, 
into two new elements which he named neodymiu:: and 
praseodymium. There had been numerous pri \i0Us 
indications that didymium actually represented : mix- 
ture of elements, but Auer was the first to carry «it al 
impeccable separation. He introduced the fra: ‘ional 
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solution at first and later going over to neutral solution. 


chemical element. 


THE WELSBACH MANTLE 


Auer’s researches now advanced steadily. With 
intuitive perception, he always sensed the most interest- 
ing of the many problems that presented themselves to 
him. At this time he invariably worked alone. While 
still under Bunsen he had noted the remarkable light- 
em tting powers of the rare earth oxides when they are 
inserted into the flame of a Bunsen burner. Thomas 
Drummond was probably the first (1826) to have em- 
ploved glowing metal oxides for the production of light 
when he heated quicklime pastilles in the oxy-hydrogen 
flame. Later zirconium oxide was used. Auer pre- 
ferred the Bunsen burner to the blast lamp and stressed 
thai the position of the oxide in the flame is an impor- 
tant factor. To this end he invented the famous Auer 
stocking (or Welsbach mantle) made of cotton thread 
(later cotton batiste) and soaked in a solution of the 
earth metal salts.!_ After the organic matter was burned 
off, a fairly substantial skeleton of the metal oxides was 
left. This constituted the source of the world-famous 
Auer (or Welsbach) light. 

Auer had on hand a considerable quantity of pure 
lanthanum salts derived from the didymium splitting. 
However, the lanthanum oxides produced in the in- 
candescent mantle, though giving higher luminescence, 
did not last long. A combination with zirconium oxide 
was better. At night there now came from the window 
of Auer’s study on the second floor of the laboratory 
building a light soe bright that it aroused the wonder of 
the passersby. This new incandescent mantle sus- 
pended in the Bunsen flame was christened actinophore 
byits inventor. At that time (1886) he tried to interest 
the public in his invention by inviting the press to wit- 
ness demonstrations of his “incandescent light” or “‘in- 
candescent gas light”’ and he also gave a lecture on it be- 
fore the Austrian trade union in Vienna. 

Public interest was soon at a high pitch. Companies 
and syndicates were organized in Austria, Germany, 
and England and large-scale production was soon 
started. Auer started a factory near Vienna in 1887; 
its function was the preparation of the rare earth salts 
and of the impregnating or “lighting fluid.”” This fac- 
tory was supervised by Ludwig Haitinger, who from his 
l5th year had been an assistant in Lieben’s laboratory, 
and who had been instructed by Auer with regard to his 
inventions and objectives. 

Auer unceasingly continued efforts to improve his in- 
candescent light. A second patent proposed the addi- 
tion of the oxide of thorium (an element discovered by 
Berzelius in 1828). The mixture was to consist of 30% 
ThO:, 30% ZrO2, 40% LazO;. However, this combina- 
ton was not completely satisfactory; in particular, 
unex} lained variations in the luminosity proved annoy- 
ing. The initial promising public interest had died 
down in the meantime and business fell off to the point 

‘In 1898 the Deutsche Gasgliihlicht A. G. substituted China 
grass ‘ramie) fibers, and later, also in Germany, artificial silk 
was used for Welsbach mantles. The oxides were then fixed in 
the fibers with ammonia or organic bases. 
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crystallization of the ammonium double nitrates as a 
separation method, using concentrated nitric acid 


Auer is the only Austrian chemist to have discovered a 


Carl Auer von Welsbach (1858-1929) 


that the factory had to close (1889). Nevertheless, 
about 50,000 Auer burners had already been installed in 
Austro-Hungary. 

But Auer was not a man to be discouraged by such re- 
verses. It is true that the impulse for the subsequent 
fundamental advance came from Haitinger, who had re- 
turned to Lieben’s laboratory. The study of the pub- 
lications by Crookes and Lecog de Boisbaudran had led 
him to see the analogy to the action of small admixtures 
on the luminescence of metal oxides in the cathode tube 
and the Bunsen flame, respectively. Haitinger was then 
able to secure, with mixtures of alumina and a little 
chromium oxide, a brightness about three times as great 
as that yielded by the lanthanum-zirconium oxide mix- 
ture. But because of the volatility of these oxides, the 
Al,O;-Cr.0; mixtures did not have sufficient stability. 
Auer and Haitinger then returned to trials with thorium 
oxide, which was obtained as a byproduct of the Caro- 
lina gold washing; this operation had already served to 
provide the raw material for obtaining lanthanum oxide. 
Monazite sand, from Brazil, was the source for all the 
subsequent experiments. The purification process for 
the thorium oxide proved of decisive influence, and for 
this Auer employed the crystallization as thorium 
ammonium nitrate. It was now possible to determine 
precisely the role of the admixed material in decreasing 
or favoring the light intensity, and also to prove that 
certain impurities distinctly shortened the life of the in- 
candescent mantle. But the decisive finding of these ex- 
periments was that the intensity of the light was tre- 
mendously heightened by adding cerium oxide. The 
thorium-cerium incandescent body gave an optimal 
brightness and the Auer (Welsbach) burner was now 
prepared to start its triumphal march across the world. 

In 1892 Vienna began to light its streets with gas 
lamps and Auer mantles. By 1893 Berlin had 100,000 
of the new burners in operation and Paris was using 
150,000. By the time of Auer’s death (1929) about five 
billion incandescent mantles had been produced which 
consumed about 200 billion cubic meters of gas. Haitin- 
ger returned to the Auer factory in Vienna in 1892 and 
introduced there the principles of large-scale production 
after Auer had worked out the processing of monazite 
sand as raw material (decomposition with sulfuric acid, 
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etc.). This manufacture now progressed despite vicious 
attacks and troublesome legal conflicts. Auer’s mantles 
were the first that were really usable. The earlier at- 
tempts of other inventors had yielded products that did 
not give enough light or were too fragile or too expen- 
sive. There is not space to relate how the Auer burner 
enabled the gas-lighting industry to survive for a com- 
paratively long time in competition with the growing 
use of electricity. The prolonged patent litigation like- 
wise cannot be discussed here. 


INCANDESCENT OXIDE FILAMENTS 
FOR ELECTRIC LIGHTS 


Auer’s other researches adhered to his motto: ‘Plus 
lucis” (more light), which appears on the Auer crest. 
First of all he tried to adapt the great light emissivity of 
the thorium oxide-cerium oxide mixture to electric 
lighting. The mixture was applied to platinum wires 
and when the current was passed a brilliant light re- 
sulted. The wire melted and the metal oxides continued 
to glow in wonderful fashion. Unfortunately, when the 
current was switched off the light went out and could 
not be revived by a further application of the current.? 
Auer then tried a metal with a higher melting point 
than platinum, namely osmium. Because of its brittle- 
ness, he was forced again to invent a special process, 
which was the earliest usable method for preparing 
metal filament lamps. In one process osmium tetroxide 
was precipitated hot on platinum or the platinum wire 
was passed through a slurry containing osmium; the 
platinum was then vaporized by intense heating. In the 
second process osmium was deposited hot on carbon 
threads or fibers, or the osmium was made into a paste 
with collodion or a sugar solution, the mass then extrud- 
ed, and the collodian denitrified and burned away. This 
is only a partial account of what Auer described in his 
patents. The osmium incandescent bulb was subse- 
quently further developed especially by the Auer Gesell- 
chaft, a German company. The advantage of the os- 
mium incandescent bulb as contrasted with the carbon 
bulb is shown by the fact that the latter requires 3.5 
watts per candle power as opposed to 1.5 watts for the 
osmium bulb. Admittedly, Auer missed using tungsten 
and tantalum for metal filament lighting bulbs, but his 
method of shaping difficultly fusible metals remained 
the preferred process. 

Around 1900 the Austrian authorities requested Auer 
to take over the direction of the iron works at Treibach 
in Carinthia. He set up there a large chemical research 
laboratory from which he then developed the Treibach 
chemical works. First of all, the earlier findings regard- 
ing praseodymium and neodymium were confirmed and 
their respective atomic weights were determined (140.57 
and 144.54; the modern values are 140.92 and 144.27). 
Also a part of the operational procedure for manufactur- 
ing osmium bulbs was developed in the Treibach lab- 
oratory in collaboration with Anton Lederer. 


THE AUER LIGHTER 


From among the many researches conducted during 
this period, only one will be mentioned, namely, the 
utilization of the considerable quantities of cerium sul- 
fate accumulated from the working-up of the monazite 


_ 2 Inspired by Auer’s mantle, Walter Nernst also used mixtures 
of rare earths in his electrical incandescent lamp. 
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sand. Twenty years earlier, in Bunsen’s laboratory, 
Auer had seen the sparking of cerium metal when 
scratched or drawn over a rough surface. Since the pure 
metal was too costly to utilize this characteristic for ig- 
nition purposes, a mixture of the cerite earths was sub- 
jected to fusion electrolysis with an iron cathode. It 
was found that the sparking ability of the resulting 
cerium-iron is dependent on the iron content of ‘he 
alloy. The optimum is at 30% iron. Many other allv ys 
of cerium with various metals were prepared but nvne 
was as good as this ‘‘cerium steel’’ for igniting gases nd 
vapors of volatile liquids. The Auer lighter beca:ne 
almost as famous as the incandescent mantle. - The pro- 
duction of cerium-iron reached approximately 100,100 
kilograms annually by 1930; it served to prepare 00 
million flints which could be used for 500 billion ig- 
nitions, and replaced six billion boxes of matches. 


IDENTIFICATION OF OTHER RARE EARTHS 


From this time on, all of Auer’s researches were 
carried on in his laboratory at Schloss Welsbach, aiter 
he had turned over the direction of the Treibach chemi- 
cal works to Dr. Fattinger. Auer now turned his atten- 
tion again to the yttrium earths. After isolating the 
erbium-ytterbium group, the latter was further sep- 
arated by fractional crystallization of the ammonium 
double oxalates in excess ammonium oxalate solution. 
Erbium (discovered by Mosander in 1843) and thulium 
(discovered by Soret and by Cleve in 1878-79) were thus 
separated out, and in the course of the operations an al- 
teration was observed in the relative intensity of the 
spark spectrum of the ytterbium. By further fraction- 
ation Auer, in 1905, came to the undoubted conclusion 
that ytterbium must consist of two elements. A pre- 
liminary announcement (1905) and a paper in the 
Lieben Festschrift (1906) on the employment of the 
spark spectrum for testing the homogeneity of elements 
were followed by a detailed account (1907) in which the 
two newly discovered elements with atomic weights 
172.90 (now 173.04) and 174.23 (now 174.99) were 
given the names “aldebaranium”’ and cassiopeium.” 

Georges Urbain had made the same separation, 
though somewhat later than Auer, but the French 
chemist published earlier. He suggested the names 
“neo-ytterbium” and ‘“‘lutetium,”’ which were accepted 
by the International Atomic Weight Commission. 
However, the German atomic weight commissiol 
assured Auer’s priority; the main constituent of 
Marignac’s ‘‘ytterbium” (about 90%) was continued to 
be called ytterbium, and the second constituent, follow- 
ing Auer’s suggestion, was given the name cassiopeium 
(though the name lutetium continued in use by some). 
The study of the spectra of his thulium fractiors oc- 
cupied Auer until his death. His last paper (!926) 
dealt with the element 61 (the present promet!:ium) 
which he could not find in monazite sand. 

Auer’s life work, a chain of discoveries and inve!: ions, 
included others of interest. For example, in his fs tory 
at Vienna he had the first ten tons of the residues {rom 
the preparation of uranium salts from Joachimst! al in 
Bohemia worked up and the first considerable ami unts 
of radium salts were prepared in this establish:vent. 
He also prepared the precious polonium, ioniun.. and 
actinium salts that are still in the possession «! the 
Vienna Academy of Sciences. His research s 0 
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spectroscopy and his improvements of spectrum 
apparatus had a permanent effect. The standard 
studies of the Austrian scientists Exner and Haschek 
and of Eder and Valenta* were inspired by Auer’s 
studies and greatly aided by his gifts of rare specimens 
of the highest purity. Among the permanent applica- 
tions of the rare earths is their use in the coloring of 
glisses. For instance, praseodymium tints glass green- 
yellow, neodymium tints glass red-blue. 

\uer married when he was quite mature and already 
at the height of his career. Three sons and a daughter 
resulted from this happy marriage. Numerous honors 
came to him from the state and scientific societies, in- 
cluding, of course, election to the Imperial Academy of 
Sciences in Vienna. He was made a baron in 1911; 
the title was hereditary. Accordingly, he is often re- 
ferred to as Auer von Welsbach. 

He was a man of the laboratory rather than of the 
pen. For the most part his papers are short. He gave 
few references to the literature since he was usually 
working in little explored territory. He preferred tele- 
grams to letters, and at every festive occasion in the 
life of this writer’s father (Adolf Lieben) Auer’s telegram 
was invariably the first to arrive expressing his con- 
gratulations and his gratitude to his former teacher. 


3 Exner, F., anp E. Hascuex, “Die Spektren der Elemente 
bei normalen Druck,” 2nd ed., 1911; Eper, J. M., anp E. 
VatenTA, “Atlas typischer Spektren,” 1911. 


He ordinarily worked alone; only on special occasions 
did he employ the help of a few well-tested associates. 
He had no talent for teaching. He loved the beauties 
of nature and was an ardent hunter and fisherman. 
Increasing deafness in his later years forced him to give 
up hunting; he then took up motoring. 

On August 2, 1929, he suffered excruciating abdominal 
pains and knew that death was near. He made a final 
visit to his laboratory to bid farewell quietly and he- 
roically to his beloved instruments and specimens, and 
then returned to bed. The end came on August 4, 
1929. A useful life had come to its end, a life filled with 
merited brilliant successes, the fruits of hard work. 
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ANTOINE-LAURENT LAVOISIER AND THE 
FRENCH REVOLUTION— III 


Tue Bureau de consultation des arts et metiers was cre- 
ated by a governmental decree of September 12, 1791. 
It was established by the authorities in order to report 
on various inventions and processes of a practical or 


technical nature and to award suitable financial pay- . 


ments in deserving cases. As originally set up it was 
composed of members of the Academy of Sciences, mem- 
bers of various other learned scientific societies, and rep- 
resentatives of certain associations of artisans. The 
original membership consisted of the following: 


: For previous articles see J. Cuem. Epuc., 31, 60-65 (1954); 
ibid., 34, 502-3 (1957). 
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DENIS I. DUVEEN 
Duveen Historical Library, Long Island City, 
New York 


From the Academy 
of Sciences 

Le Roy 

Bossut 


From other bodies 
Bourru t Faculty of Medecine 
Jumelin 


Lavoisier Louis, Academy of Surgery 
Desmarets Parmentier, Society of Agriculture 
Borda Pelletier, Soc. of Natural History 
Vandermonde Hassenfratz, Annals of Chemistry 
Coulomb Silvestre, Philomatic Society 
Berthollet De Serviéres 
Meusnier De Trouville { Society of artist 

Guiraud inventors 

Leblanc 

Lucotte, Society of United Artists 


Droz 
Cali Société du point centrale 


| 
were 
Duhamel 
Laplace 


To these members were later added Baumé, Fourcroy, 
Cousin from the Academy of Sciences, the physicians 
Dumas and Hallé, the surgeon Desault, and the nat- 
uralist Millin. 

The work for which the Bureau was brought into be- 
ing had previously been done by commissioners ap- 
pointed by the Academy of Sciences and the composi- 
tion of the new organization indicates a desire on the 
part of the authorities to broaden the base of the refer- 
ees in such cases. It may well have been done to meet 
the complaint of the artisians that inventions were 
treated in a condescending and unsympathetic manner 
by the haughty academicians.” 

As was always the case whenever he was made the 
member of any committee or organization, Lavoisier 
took a very active part in the work done by the Bureau. 
Examples of the type of work he carried out are given by 
the routine consideration of monetary awards for such 
men as the artist Dupain-Triel® or a careful and de- 
tailed study of the problems involved in producing spe- 
cial forgery-proof paper for the new assignat (paper- 
money). 

However Lavoisier’s most important contribution to 
the work of the Bureau was undoubtedly his authorship 
of a lengthy, detailed, and praiseworthy proposal for the 
reformation of public education.‘ 

His services were evidently appreciated by his col- 
leagues for on October 2, 1793, he was elected president 
of the organization. The minutebook shows that 
Lavoisier was regular in his attendance at the meeting 
until his arrest on November 28 (8 Frimaire An II). 
On the day following this latter event at a meeting at- 
tended by Cousin, Hallé, De Serviéres, Borda, Laplace, 
Silvestre, De Trouville, and Coulomb a letter was read 
from Lavoisier in which he set forth his present posi- 
tion and drew attention to the fact that this would ren- 
der it impossible for him to attend the meetings; he 
therefore offered his resignation. The meeting de- 
cided officially to record the Bureau’s deep appreciation 
of his services and their regret that he would be pre- 
vented from continuing his work with them. These 
facts can all be extracted from the extant minute book 
of the Bureau and have been published by Grimaux® 
who has also recorded the fact that the minutes contin- 
ued to be headed “Presidence du Citoyen Lavoisier” 
until December 4 (Nivése 4). 

What has not previously been recorded is a letter that 
the vice-president, Cousin,® wrote to Lavoisier on the 
day after the meeting. This touching communication 


* This viewpoint has been brought to my attention by Dr. 
Charles Gillispie in a paper read at the University of Wisconsin 
(Madison) in September 1957. 

3 Dupain-Triel (1722-1805) engraved the plates for Guettard’s 
mineralogical map of France on which Lavoisier had collaborated 
early in his scientific career. He had also worked for Cassini on 
his famous maps of France. 

‘“Réflexions sur l’instruction publique présentées 4 la con- 
vention nationale par le bureau de consultation des arts et 
metiers.”” Paris, Dupont Pére et Fils, 1793. 

5 Grimavx, Ed., “Lavoisier,”’ Paris, 1899, pp. 245-54. 

6 Jacques Antoine Joseph Cousin (1739-1800), mathematician 
and politician. 


has recently come into my possession and is here, for t! ¢ 
first time, reproduced in full. 
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A free translation of this letter in English might read 
as follows: 

Paris, November 30, 1793 
Citizen, 

The bureau de consultation des art et metiers has heard your 
letter read with the keenest attention. I am instructed to write 
and advise you that it cannot accept your resignation and that 
election of a new president will not take place until the expiry 
of your term. 

The convention felt constrained to pass a broad measure which 
only affects you by its general nature. However, citizen, when 
one is certain of one’s patriotism, as you are: when one has 
never for an instant ceased to show proof of this by devoting the 
most outstanding abilities to the public weal; then one has 
nothing to worry about. The bureau hopes that your new work 
will not compel you to cease corresponding with it. 

COUSIN 
Vice President 


The letter does not call for much comment; the gen- 
eral tone suggests that apart from being intended to 
give comfort to Lavoisier it was hoped that it woul: be 
helpful to him in extricating himself from his present 
position; the reference to other work in the last pora- 
graph relates to the alleged purpose, at that time, of the 
farmer’s general arrest which was so that they could un- 
interruptedly work on the completion of their accou ts. 
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REPRESENTATION OF POLYCYCLIC AROMATIC 
COMPOUNDS 


Ix 1918 Robert Robinson called attention to the impor- 
tance of the aromatic sextet (1), and in 1925 he and Armit 
represented benzene, pyridine, pyrrole, and thiazole 
by (DI, (II), (III), and (IV) respectively, where the 


Oo 

ego 
H 

(I) (II) (IIT) (IV) 


circle symbolizes a sextet of x-electrons (2). The sex- 
tet principle has since then received a theoretical ex- 
planation (1, 3, 4) and further experimental support 
(5,6, 7). 

The circle as a symbol of the sextet has also been used 
in the representation of polycyclic aromatic compounds. 
Numerous instances from the chemical literature could 
be cited, but the reader is referred, instead, to the chap- 
ter by Wilson Baker in “Perspectives of Organic Chem- 
istry’ (8). Naphthalene may thus be represented as 
(V) where the meaning of the circle is ‘now modified 


(V) 


to represent a sextet of x-electrons which may in part 
be shared with an adjacent sextet (or sextets). Since 
naphthalene possesses only 10 z-electrons, it is clear 
that two 2-electrons are shared. 

The extension of this symbolism to polycyclic com- 
pounds must not be interpreted as signifying in a strict 
sense that each ring in the ring system constitutes an 
autonomous aromatic unit and as such obeys the sextet 
principle. There is undoubtedly some over-simplifica- 
tion involved here. But it is interesting to note that in 
azulene there is an unmistakable tendency for each ring, 
the five-membered one as well as the seven-membered 
one, to possess a sextet of x-electrons, two z-electrons 
again being shared. This tendency finds expression in 
the dipole moment of azulene (9) and in the fact that 
electrophilic attack occurs on the five-membered ring 
(10-!5) and nucleophilic attack on the seven-membered 
ring (16). One may therefore write (VI) as an extreme 


structure for azulene. 


(VI) 


The purpose of the present article is to inject more 
preci-ion inte the matter of x-electron sharing by adja- 
cent sextets. It is proposed at the outset that in ring 
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systems where no atom is common to more than two 
aromatic rings a line joining adjacent circles represent- 
ing sextets be used to denote the sharing of two z-elec- 
trons. With the use of this device the total number of 
m-electrons becomes more readily apparent. Thus 
naphthalene (VII) has (2 X 6) — (1 K 2)= 10 -elec- 
trons. Anthracene (VIII) and phenanthrene (IX) each 
have (3 X 6) — (2 X 2) = 14 x-electrons. 


(VIT) (VIII) (1X) 


Azulene may now be represented by (X). This is, 
of course, an extreme structure. One way in which the 
symbolism may be refined in order to approximate the 
true situation is shown by (XI). The introduction of 
the arrowhead, placed for convenience on the line join- 
ing the circles, indicates a slight redistribution of the 
x-electron population in the direction shown, taking 
the extreme structure (X) as a basis. Obviously this 
redistribution causes a reduction in the charge separa- 


tion. 


§- 
(XT) 


The sharing of z-electrons by neighboring sextets is 
a greater problem in more highly condensed ring systems. 
The following arguments lead to results that are very 
easy to apply. 

It will be assumed as an approximation that the z- 
electron population of an atom involved in the fusion of 
aromatic rings is one. In general, the x-electron popu- 
lation of any atom participating in an aromatic system 
may slightly exceed one or fall slightly short of one, the 
deviation from unity being always small because the 
over-all number of z-electrons in the system is similar 
to and frequently equal to the number of atoms compos- 
ing it. Inequalities in the distribution of the x-electron 
cloud are never sufficiently drastic to cause the 1-elec- 
tron population of a ring atom to approximate an inte- 
gral number other than one. 

A distinction must be made between an atom of ring 
fusion common to two aromatic rings and an atom of 
ring fusion common to three aromatic rings. The first 
type will be referred to as an atom of simple fusion be- 
cause it is involved in the fusion of but one pair of rings. 
The second type will be referred to as an atom of triple 
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fusion because it is involved in the fusion of three 
mutual pairs of rings. 

An atom of simple fusion has its r-electron popula- 
tion of one shared by two sextets. An atom of triple 
fusion has its z-electron population of one shared by 


three sextets. If completely unshared sextets were © 


assigned to all the rings of a polycyclic aromatic sys- 
tem, then there would be one electron too many for 
every atom of simple fusion and two electrons too many 
for every atom of triple fusion. This excess of elec- 
trons must obviously be subtracted. 

For every atom of simple fusion a subtraction of one 
is required. Since only one pair of sextets is involved, 
the subtraction of one is to be carried out in full when 
the relationship between these two sextets is considered. 

For every atom of triple fusion a subtraction of two 
is required. Since three mutual pairs of sextets are 
involved, it seems most logical to subtract 2/3 when 
each of these pairs is considered. 

The follewing rules are then readily derived: 

Case 1: When « pair of sextets is present in rings 
fused by means of two atoms of simple fusion, then a 
subtraction of 1 + 1 = 2 z-electrons must be made. 
Let this subtraction of two be symbolized by a simple 
line connecting the pair of circles representing the sex- 
tets in question. (This rule is equivalent to the sugges- 
tion made earlier.) 

Case 2: When a pair of sextets is present in rings 
fused by means of one atom of simple fusion and one 
atom of triple fusion, a subtraction of 1 + 2/3 = 5/3 
a-electrons must be made. Let this subtraction of 5/3 
be symbolized by a wavy line connecting the pair of 
circles representing the sextets in question. 

Case 3: When a pair of sextets is present in rings 
fused by means of two atoms of triple fusion, a subtrac- 
tion of 2/3 + 2/3 = 4/3 x-electrons must be made. 
Let this subtraction of 4/3 be symbolized by a broken 
line connecting the pair of circles representing the sex- 
tets in question. 


Total number of z-electrons contained by sextets = 
(number of circles X 6) — 

(number of simple connecting lines X 2) — 
(number of wavy connecting lines X 5/3) — 

(number of broken connecting lines X 4/3) 


The method is illustrated by pyrene (XII), perylene 
(XIII), coronene (XIV), pyranthrene (XV), zethrene 
(17) (XVI), acepleyadylene (18) (XVII), the perinaph- 
thyl radical (19, 20) (XVIII), perinaphthenone (1H- 
benzonaphthen-l-one) (XIX) and _ 1,5-naphthoquin- 
one (XX). The arrowheads in (XVII) for acepleyadyl- 
ene have the same significance as has the arrowhead in 
(XI) for azulene. It will be noted that the number of 
m-electrons in the perinaphthyl radical (XVIII) is 13. 
Perinaphthenone (XIX) has a total of 14 z-electrons 
and is, of course, not a free radical. Similarly 1,5- 
naphthoquinone (XX) with a total of 12 x-electrons is 
not a free radical. It is worth pointing out that any 
quinone is representable by a formula resembling (XX). 


(XVII) (XVIII) (XIX) 


The sextet formulaticn applies equally well to hetero- 
cyclic compounds. Examples are quinoline (XXJ), 
indole (XXII), isoindole (XXIII), anthranil (XXIV), 
benzfurazan (XXV), thiophthene (X XVI), the “anhy- 
dronium bases” (2) (XXVII)—(XXX) and condensed 
“mesoionic” compounds (21) like benzosydnone 
(XXXI), not yet prepared. Curved arrows, as in 
(XXX) and (XXXI), signify mesomeric adjustments. 
More highly condensed polycycles with heteroatoms 
are, of course, representable in similar fashion as (XII)- 
(XIX). 
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(XXTI) (XXII) (XXIII) (XXIV) (XXV) = (XXVI) 


$+ §- 


(XXVII) (XXVIII) 


S+ 
(XXXT) 


Those fully conjugated polycyclic structures for w ich 
sextet formulations cannot be written are of sp cial 
interest. As has been pointed out previously 8), 
neither pentalene (XXXII) nor heptalene (XXX 'II) 
can be provided with sextets. (Only at the saci ‘ice 
of making the two fused rings non-equivalent wou | it 
be possible to provide one of them with a sex °t.) 
Attempts to prepare pentalene or heptalene have not 
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yet been successful and it appears unlikely that they 
would be endowed with appreciable aromatic stability 
(3). In contrast thereto stands azulene, which, super- 
ficially, appears closely related to both pentalene and 
heptalene, but which is representable by the sextet 
formulation and is, in actual fact, clearly aromatic. It 
is also interesting that pleiadiene (XXXIV), whose 
seven-membered ring cannot be provided with a sextet, 
sows considerably less aromatic stability than acepley- 
adylene (XVII) (18). Furthermore, let it be noted 
that structures related to pentalene, such as s-indacene 
(XXXV), have still not been prepared (22, 23). (Here 
again one of the five-membered rings could be provided 
with a sextet only at the sacrifice of making the two five- 
membered rings non-equivalent.) The fact that a yet 
unknown polycyclic structure is not expressible or only 
partly expressible by the sextet formulation is, however, 
no reason for lack of vigor in the pursuit of its synthesis. 


(XXXII) (X XXIII) (XXXIV) (XXXV) 


This discussion cannot be complete without mention- 
ing a shortcoming of the sextet formulation for aromatic 


compounds. It is not obvious from this formulation 
whether the ground state of a molecule representing a 
continuous aromatic z-electron system with an even 
number of z-electrons is diamagnetic (all electronic 
spins being coupled) or paramagnetic (biradical). 
From theoretical considerations it has been concluded 
that the number of unpaired electrons present in the 
ground state of any unsaturated hydrocarbon is at least 
as great as the number of carbon atoms (if any) having 
a deficiency of valence bonds in any principal resonance 
structure (classical valence structure) (24). For 
example, while the sextet formulation of triangulene 
(XXXVI) appears perfectly normal, every one of its 
classical valence structures exhibits two carbon atoms 
with a deficiency of valence bonds (if one does not write 
bonds between non-adjacent atoms). It is thus very 
likely that triangulene is a biradical in the ground state; 
this circumstance may account for the fact that attempts 
to prepare triangulene have not yet been successful 
(24, 25). 


(XXXVI) 


(1) See Coutson, C. A., J. Chem. Soc., 1955, 2076. 

(2) Armit, J. W., anp R. Rosinson, J. Chem. Soc., 1925, 1604. 

(3) Hicxet, E., Z. Physik, 70, 204 (1931); see also HicKEL, E., 
“Grundziige der Theorie ungesattigter und aromatischer 
Verbindungen,” Verlag Chemie, Berlin, 1938, pp. 71-85. 

(4) Rics, F. O., anp E. Tretuer, “The Structure of Matter,” 
John Wiley & Sons, Inc., New York, 1949, pp. 104-11. 

(5) Dorrtine, W. von E., anv L. H. Knox, J. Am. Chem. Soc., 
76, 3203 (1954). 

(6) LinpEr, M. E. I. Becker, P. E. Speorrt, J. Am. 
Chem. Soc., 75, 5972 (1953). 

(7) Becker, E. I., Abstr. of Am. Chem. Soc. Meeting, Sept. 
12-17, 1954, p.9. (Div. of Organic Chem.) 

(8) Topp, A. (editor), “Perspectives in Organic Chemistry,” 
Interscience Publishers, Inc., New York, 1956, chapter by 
Witson Baker on The Development of the Concept of 
Aromaticity, pp. 28-67. 

(9) We anp, G. W., anv D. E. Mann, J. Chem. Phys., 17, 264 
(1949). 

(10) Anpgrson, A. G., JR., AND A. J. NEtson, J. Am. Chem. Soc., 
72, 3824 (1950). 

(11) Anperson, A. G., Jr., A. J. J. J. Tazuma, 

J. Am. Chem. Sac., 75, 4980 (1953). 


(12) Anperson, A. G., Jr., E. J. Cowes, J. J. TazumMa, 
J. A. Netson, J. Am. Chem. Soc., 77, 6321 (1955). 

(13) Gattoway, W. L., D. H. Rerp, anp W. H. Sranrorp, 
Chem. & Ind., 1954, 724. 

(14) PLarrner, P. A., E. HEILBRONNER, AND S. WeBEr, Helv. 
Chim. Acta, 35, 1036 (1952). 

(15) Her~Bronner, E., anp M. Srmonerta, Helv. Chim. Acta, 35, 
1049 (1952). 

(16) Harner, K., anp H. WELpDEs, Angew. Chem., 67, 302 (1955). 

(17) Cuar, E., K. F. LanG, anp H. Scuvutz-Kresow, Chem. Ber., 
88, 1520 (1955). 

(18) BorKe.uerpg, V., anv G. K. Vick, J. Am. Chem. Soc., 78, 
653 (1956). 

(19) Rem, D. H., Chem. & Ind., 1956, 1504. 

(20) Sogo, P. B., M. Nakazak1, AND M. Catvin, J. Chem. Phys., 
26, 1343 (1957). 

(21) See Baxer, W., anv W. D. Ouxis, Chem. & Ind., 1955, 910; 
also Breser, T. I., Chem. & Ind., 1955, 1055. 

(22) Brown, R. D., J. Chem. Soc., 1951, 2391. 

(23) Crare, D. P., J. Chem. Soc., 1951, 3175. 

(24) Loneuet-Hiearns, H. C., J. Chem. Phys., 18, 265 (1950). 

(25) Crar, E., anp D. G. Stewart, J. Am. Chem. Soc., 75, 2667 

(1953). 


CHEMIKER ANEKDOTEN--WALTHER NERNST 


Proressor NERNST in retirement raised carp. When asked why not chickens, he said he pre- 


ferred animals in thermodynamic equilibrium with their environment; why spend money to heat 


world space? 


(See p. 229) 
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SOME CONVENIENT LABORATORY 
EXPERIMENTS IN RADIOCHEMICAL 
TECHNIQUES’ 


Many universities and colleges, while recognizing 
the need for instruction in nuclear chemistry on the 
undergraduate level, have found that this is prohibi- 
tively inconvenient. Only in those universities having 
facilities for producing radioisotopes is it possible to 
obtain activities at any desired time. Of course, it 
is possible to purchase isotopes, but in this case, 
careful advanced scheduling is required if they are to 
be delivered at the right time and used to the best 
effect. Moreover, purchased radioisotopes must have 
half-lives of at least a few days which makes decay 
studies considerably drawn out. For instructional 
purposes, it is most desirable to use isotopes with 
half-lives such as to allow the completion of a decay 
curve in a single (3-hour) laboratory period. 

An alternative course to the purchase of radioiso- 
topes is the use of radioactive series, a supply of suitable 
long-lived parent being kept as a self replenishing 
reservoir of a shorter lived daughter. Experiments in 
this category have been described by Booth,? Jones,® 
and Robinson and Cole.‘ 

This paper describes an extension of the experiment 
of Robinson and Cole, to embrace several important 
radiochemical techniques which could be conveniently 
included in the laboratory part of courses such as 
physical chemistry, inorganic chemistry, and/or in- 
strumental analysis. Lead-212 and bismuth-212 are 
separated by electrolysis from a solution of a thorium 
salt. These activities are used for instruction in (1) 
preparation of carrier-free activities; (2) use of carrier 
techniques in radiochemical separations; (3) study of 
laws of radioactive decay; (4) study of parent-daughter 
relationships. In addition, instruction is provided in 
the techniques of handling long-lived radioactive 
materials in such a manner as to minimize contamination 
of the apparatus and laboratory. 

As an introduction to the experiments described 
below, the students should become familiar with the 
naturally radioactive thorium (4n) series and the 
other naturally radioactive series.’ Of particular note 
is the “branched” decay of bismuth-212 which affords 
an example of nuclear isomerism. The half-life of 
bismuth-212 (60.5 minutes) is sufficiently long to allow 
good yields of activity without excessive haste, yet 


1 Based on an undergraduate research project conducted by 
Linwood Morton. 

2 Boot, A. H., J. Cuem. Epuc., 28, 144 (1951). 

* Rosinson, L. B., anp E. M. Couz, Am. J. Phys., 21, 469 
(1953). 

Jones, H., J. Cuem. Epuc., 34, 406 (1957). 

5 F., anp R. A. AuBerty, ‘Physical Chemistry,”’ 
John Wiley & Sons, Inc., New York, 1955, p. 609. 
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short enough to permit the determination of a decay 
curve in a single laboratory period. Moreover, i's 
energetic 2.2 Mev. beta radiation requires no speci: 
counting techniques. 


APPARATUS AND CHEMICALS 


The importance of detailed planning of radiochemic:! 
experiments must be strongly emphasized. This is 
necessary because (1) the short-lived activities are 
rapidly decaying and undue delay in manipulations 
must be avoided; (2) the danger of contamination of 
apparatus and instruments by long-lived radioactive 
substances must be constantly guarded against. 
Consequently all apparatus must be assembled before- 
hand and its intended use carefully noted. Likewise 
as each piece of apparatus is used it should be disposed 
of in a manner which will permit its being identified 
as a source of contamination. The equipment required 
for this series of experiments is listed in Table 1. In 
addition, the usual counting equipment, Geiger-Miiller 
tube and scaling circuit, is required. Because of its 
greater efficiency in counting gammas, in the measure- 
ment of radiations from Pb-212, a scintillation counter 
is desirable but not necessary. 


SEPARATION OF CARRIER-FREE ACTIVITIES 


A diagram of the apparatus used in the electrolysis 
of the thorium nitrate solution is shown in Figure !. 


= 
6 volts 


Slide Wire 
Rheostat 


Pt crucible 
Figure 1. Electrolysis Circuit 


About 20 ml. of 0.5 M Th(NO;), in 0.1 N HNO; :- 
placed in the 30-ml. platinum crucible which serves «- 
the cathode. The anode consists of a platinum fo! 
electrode. Current is supplied by four 1.5-volt dry 
cell batteries connected in series and is adjusted to 0. 
ampere by means of the slide wire rheostat. The solu- 
tion is electrolyzed for 5-10 minutes, then the anode :- 
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removed and rinsed into a wide mouth bottle labeled 
“Thorium Rinsings.”” The solution in the crucible 
js poured into a bottle labeled “Electrolyzed Th(NO;),” 
and marked with the date. The crucible is rinsed 
several times with distilled water, the rinsings being 
poured into the bottle provided for them. 


TABLE 1 
Equipment 


Special Apparatus 
Piatinum crucible, 30 ml. 
Platinum foil electrode 
Ammeter, 0-2.5 amps. 


4 dry cells, 1.5 volt 

Slide wire rheostat 

W. M. Bottle, G. 8. labeled, 
“Thorium Rinsings’’ 

W. M. Bottle, G. S. labeled, 
“Electrolyzed Th(NO;),’’ 

Chemicals 

0.5 M Th(NO;), in 0.1 M 
HNO; soln. 

0.1 V Bi(NOs;)3 

0.1 V 


Wash bottle 

Centrifuge tubes, 20 ml. 

Aluminum sample pans (plan- 
chets) 

Infrared heat lamp 


0.1 M H.SO, 
Cone. HNO;, H.SO,, NH,OH 


One ml. of concentrated nitric acid is then added to 
the crucible, heated just to boiling and swirled in the 
crucible for a few minutes in order to completely 
dissolve the tracer amounts of lead and bismuth 
activity. If desired, at this point, the solution of 
carrier free activities (or a portion of it) may be neutral- 
ized with a few drops of NH,OH, poured into an alu- 
minum sample pan (counting planchet) and evaporated 
to dryness under a heat lamp. The evaporated sample 
is then mounted in the conventional manner and the 
decay of the mixed activities obtained (see Fig. 2.) 


USE OF CARRIER TECHNIQUES TO SEPARATE LEAD 
AND BISMUTH ACTIVITIES 


To the nitric acid solution in the crucible is pipeted 
respectively 1 ml. of 0.1 N Pb(NOs)2 and 1 ml. of 0.1 


2s 


Activity (counts/min.) 


Time (hours) 


Figure 2. Decay of Carrier-free Activity 
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N Bi(NO;)3. Six drops of 18 M H,SO, are added and 
the mixture is heated until dense fumes of SO; are 
given off. (Care! Avoid spattering.) One ml. of 
water is added and the mixture is transferred to a 
centrifuge tube, washing in all of the precipitate with 
0.1 M H,SO,. After centrifuging, the supernatant 
liquid, which contains the bismuth, is decanted into 
another centrifuge tube and saved. 

The precipitate of PbSO, is washed twice with 0.1 
M H.SO,, combining the washings with the previous 
decantate. The precipitate is then dissolved in a few 
drops of concentrated HNO;, and the solution is 
poured into a counting planchet, evaporated to dryness 
under a heat lamp, mounted and counted. 


5 


Activity (counts/min.) 


| 


20 40 60 80 100 120 140 160 180 200 220 
Time (minutes) 


Figure 3. Decay of Bi-212 


To the centrifuge tube containing the bismuth 
activity is added concentrated NH,OH until the 
solution is alkaline. The mixture is centrifuged and 
the supernatant liquid is discarded. The precipitate 
of Bi(OH); is washed three times with distilled water 
and then dissolved in a few drops of concentrated 
HNO;. The solution is poured into a counting planchet, 
evaporated under a heat lamp, mounted and counted. 

(If aluminum counting planchets are not available, 
in an alternate procedure, the precipitates of PbSO, and 
/or Bi(OH); are filtered through dime-sized filter 
paper, dried by washing them with alcohol followed by 
ether, then mounted on cardboard squares, covered 
with cellophane, and counted.) 


DECAY RELATIONSHIPS 


Typical decay curves, obtained by students, are 
shown in Figures 2 and 3. In Figure 2, curve A, the 
observed total carrier-free activity is plotted on a 
logarithmic ‘scale versus the time in hours. The 
initial rapid decay is due to bismuth-212 while the 
tail of the curve has a 10.6 hour half-life corresponding 
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to the decay of lead-212. Since additional bismuth-212 
is formed as a daughter activity, this must be corrected 
for in the analysis of the decay curve. The lead 
activity initially present, Ap,, is determined from the 
relationship 


where Avota: is the observed activity at a time, t, 
sufficient for the establishment of transient equilibrium; 
and \;, and 2 are the decay constants of lead-212 and 
bismuth-212, respectively. Then by use of equation 
(1), curve B, showing the growth of daughter bismuth 
activity, is constructed. Subtraction of curve B from 
curve A yields curve C, whose 1.0-hour half-life identi- 


fies it as the decay of bismuth-212 which was separate | 
in the electrolysis of the thorium nitrate solution. 

In Figure 3 are plotted student determinations of the 
activity of carrier separated bismuth-212. Curve /) 
was obtained using a Radiation Counter Laboratori:s 
Mark 10 Model 15-A scintillation counter, and curve 7 
was obtained using a mica window Geiger-Miill:r 
counter. Linear decay of half-life 60-61 minutes is 
obtained over periods of at least two half-lives. \ 
decay study, which can be completed in a singie 
laboratory period is thus provided. 

Extensions and variations of these techniques ave 
certainly possible, and several problems suitable fr 
undergraduate research projects such as determination 
of particle energies or separation of the 3.1-minuie 
thallium daughter of bismuth-212 are suggested. 


TEXTBOOK ERRORS: 


Tue thermodynamic treatment of solutions usually 
starts with the introduction of the concept of ‘mole 
fraction in solution.’”’ Most textbooks? leave the stu- 
dent with the impression that it is the molecular weight 
of the liquid solvent that is used in the computation 
of this quantity so that ‘mole fraction” really represents 
the proportion of molecules as they are present in the 
liquid. Yet this would require that both solute and 
solvent have a definite molecular weight, and this cer- 
tainly is not the case for associated solvents such as 
water. In the absence of a more precise discussion, one 
could therefore be led to the conclusion that the entire 
subsequent treatment of solutions must be ill-founded. 
In fact, however, we shall show that upon closer exami- 
nation the molecular weight of the solvent to be used 
in calculating mole-fractions turns out to be either 
immaterial or to be that of its vapor. 


1 Suggestions of material suitable for this column and guest 
columns suitable for publication directly are eagerly solicited. 
They should be sent with as many details as possible, and 
particularly with references to modern textbooks, to Karol J. 
Mysels, Department of Chemistry, University of Southern 
California, Los Angeles 7, California. 

2 Since the purpose of this column is to prevent the spread 
and continuation of errors and not the evaluation of individual 
texts, the source of errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 
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XVII: The Meaning of Mole Fraction 
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The expression for the freezing point depression is 
an example where the molecular weight M, of the 
solvent plays no role; we confine ourselves to the limit- 
ing case of extreme dilution. This expression 


RT,? 
1 
dT Q (1) 


freezing point depression 

gas constant 

absolute temperature of the freezing point 

“molar’’ heat of fusion of the solvent 

“mole fraction’ of solute in solution 
involves the ratio of x2 and Q which are both doubled if 
M, is doubled. With a composition of the solution of 
m, moles (a grams) of solvent and n2 moles (b grams) of 
solute 


b/M, b/ M2 
a/M, — a/M, 


This example suggests that perhaps there is no need 
to emphasize the meaning of the molecular weight |/; 
of the solvent. A more rigorous conclusion is tlxt, 
given a solvent of definite molecular weight, the :.u- 
merical value assigned to that weight is immaterial | or 
calculating the freezing point depression. When 110 
definite molecular weight can be given, the quest :on 
arises whether or not the existence of some defii ite 


forb<a_ (2) 
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molecular weight is essential in the derivation of equa- 
tion (1). 

A very different situation is presented by Raouli’s 
law: 


where —Ap/p is the relative vapor pressure lowering 
and a2 again the “‘mole fraction” of solute. 

‘The following superficial reasoning can lead here to 
an obviously wrong conclusion: Measurement of the 
experimental quantities on the left-hand side of the 
equation would yield a value for x2. Combined with 
the known weight fraction and a known molecular 
weight M; of the solute, this measurement would be a 
direct determination of the molecular weight M, of the 
solvent even if it is an associated liquid. Yet as already 
mentioned, no definite molecular weight can be attrib- 
uted to such a solvent which might even be all asso- 
ciated to a single giant complex. 

I: is striking, furthermore, that if the above ealcula- 
tion is made for an aqueous solution, the value calcu- 
lated for M, turns out to be exactly 18. The value of 
M, evidently need not be related to the molecular 
weight of the solvent in the liquid state but seems to 
be that of the vapor. 

In order to avoid these difficulties one has to examine 
the premises which lead to the assignment of meaning 
to the quantities M, and z- that are being introduced. 

The basic equations giving the concentration de- 
pendence of the thermodynamic potential of solute and 
solvent are 


we = we? + RT In x (4) 
and 
= — RT x (5) 


respectively. In accordance with international conven- 
tion* ue* denotes the standard thermodynamic potential 
of the solute and y;° the thermodynamic potential of 
the pure liquid solvent. 

The first of these equations simply expresses the fact 
that the molar thermodynamic potential of the solute 
is increased by RT In 2 when the concentration is 
doubled. (Recall the approximation leading to equa- 
tion (2)). With the conventional value of R this de- 
fines the quantity of solute involved as one mole (M, 
grams). As to equation (4) it is, however, immaterial 
in which units the components are expressed in calcu- 
lating the fraction x2 in ideal dilute solution. These 
concentrations are all proportional to each other under 
these conditions so that substituting one for the other 
simply changes the value of us*. 

The Gibbs-Duhem relation and the first equation 
alone lead to the second equation as a necessary corol- 
lary. We can show this as foliows, the derivation at 
the same time specifying the units involved: 

Let us choose for z2 in (4) a weight fraction X2 in 
which the weight we. of the solute is expressed in units 
of one mole (M, grams), the unit of us in equation (4), 
while the weight w; of solvent is expressed in units of 
arbitrary number of grams M,. The value of X: is 
then w2/(w, + we). With uw. denoting the thermody- 
namic potential of one mole of solute (M: grams) and yu; 


_* “Comptes rendus de la dix-huitieme conference de l’union 
international de chimie pure et appliquée,’’ Zurich, 1955, p. 99. 
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the thermodynamic potential of the arbitrary unit of 
solvent, the Gibbs-Duhem relation still reads. 


(6) 


Consequently, 
xX: 
or, in our first order approximation: 
m = — RT X, (5’) 


It is thus evident that—whether the solvent is associ- 
ated or not—equation (5’), which specifies equation (5), 
gives the thermodynamic potential of an arbitrary 
quantity (4M, grams) solvent in a solution provided 
that the fraction X_2 is calculated using units of same 
weight (/; grams) and of the molecular weight of the 
solute (M2 grams). 

Let us now consider why in Raoult’s law the ‘mole 
fraction” x; must be calculated using the molecular 
weight of the gaseous solvent. This law is derived 
from a consideration of the liquid-vapor equilibrium by 
equating the thermodynamic potentials of equal 
amounts of solvent, first for the pure material 


me = + RT InP (7) 
and then for the solution 
we — RT 2, = w* + RT In (P + AP) (8) 


Here yu* is the standard thermodynamic potential of 
the vapor, P is the vapor pressure of the pure solvent, 
and — AP is the vapor pressure lowering. 

The right side of these equations denote the thermo- 
dynamic potential of the vapor phase. Equation (7) 
with the conventional value of # is true only if the quan- 
tity of solvent involved is one mole of that vapor. 
This must, therefore, also be the quantity (M, grams) 
involved in the calculation of x2 in equation (8). 

By subtracting (7) from (8) one obtains 

= RT In (9) 
which reduces to Raoult’s law. 
(10) 


Thus Raoult’s law is valid only if x is calculated using 
the molecular weight of the solvent in the vapor phase. 
As the derivation makes apparent it is in fact the molec- 
ular weight of the saturated vapor at the temperature 
considered which is to be used. 

We have raised previously the question of the validity 
of the freezing point depression equation (1) for the 
case of an associated liquid. The answer requires again 
a re-examination of the basis of the derivation. It 
can be easily verified, however, that equation (1) is 
obtained no matter what arbitrary units are used in 
the basic expression (5) for the thermodynamic poten- 
tial of the solvent in the liquid solution and in the pure 
solid as long as these units measure the same amount 
of solvent in the two phases. 

Thus it appears that to give a deeper insight and to 
avoid confusion and misunderstanding, the formal 
character of “mole fraction in solution” should and 
could be clearly brought out in the early stages of the 
thermodynamic treatment of solutions. 


241 


bled if 
ion of 
ms) of 
a (2) 


REDUCTION OF OXIDES BY HYDROGEN 


Onxz of the classical experiments in the general chem- 
istry laboratory is the reduction of metal oxides to the 
free metals by hydrogen. The experiment is performed 
quantitatively at this university, the oxides being 
issued as unknowns. From the weight of the oxide 
sample and the weight of metal remaining after reduc- 
tion, the gram equivalent weight of the metal is calcu- 
lated and reported. 

There appears to be little information available in the 
literature as to oxides suitable for quantitative reduc- 
tion by hydrogen. Bray and Latimer!’ give directions 
for the reduction of CuO. Selwood? discusses the for- 
mation of volatile CuCl on reduction of CuO samples 
with hydrogen containing small amounts of HCl. 
Nash‘ indicates that CuO and NiO are satisfactory un- 
knowns but reports that FeO; often gives inaccurate re- 
sults because of reoxidation of the iron formed. None 
of these sources gives any quantitative data as to the 
accuracy to be expected. 

With an experiment involving large classes it is de- 
sirable to use at least five unknowns. For this reason, 
a study has been made of the reduction of several oxides 
in addition to those mentioned above. Six oxides 
(CuO, NiO, CoO, SnO2, Cos0, and CusO) have been 
found to give satisfactory results. A procedure has 
been worked out which is applicable to the quantitative 
reduction of all of these. Student results are reported 
for these unknowns. 


THE STUDENT EXPERIMENT 


The apparatus used is easily constructed from equip- 
ment available in large quantities in the general chem- 
istry laboratory. The hydrogen is generated by allow- 
ing dilute H.SO, to drop from a thistle tube into a 
250-ml. Erlenmeyer flask containing about 10 g. of zinc 
covered with water. The reaction is often slow to 
start; a few ml. of concentrated CuSQ, solution can be 
used as a catalyst. The hydrogen passes from the gen- 
erating flask through a 6-in. CaCl, drying tube. This 
is connected to a glass delivery tube which leads to 
within 2 inches of the end of a 25 X 150-mm. Pyrex 
test tube containing the sample. This tube is clamped 
in a horizontal position so that it can be heated at the 


1 Bray, W. C., anp W. M., Latimer, “A Course in General 
Chemistry,’’ 3rd ed., The Macmillan Co., New York, 1947, Assign- 
ment 5, pp. 35-7. 

P., J. Cuem. Epuc., 19, 375 (1942). 

3 Nasu, JANE, J. Cuem. Epvc., 21, 46 (1944). 
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Chemistry Laboratory 
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sample end. The hydrogen leaves the sample tube 
through a short piece of glass tubing bent up at a right 
angle and drawn out to a tip about 1 mm. in diameter. 

The sample tube referred to above is weighed to 
+,.001 g. on an analytical balance. It is most con- 
venient to suspend the tube from the balance arm by 
means of a loop of copper wire passing under the lip of 
the tube. The sample, weighing about 1 g., is then 
placed in the tube. Any solid adhering to the upper 
part of the tube is carefully removed. The tube is re- 
weighed and the weight of the sample calculated. 

The apparatus is then assembled; the student is 
cautioned not to allow the glass delivery tube to come in 
contact with the sample. A laboratory instructor in- 
spects the apparatus, checking to make sure that there 
are no obstructions or loose connections in the system. 
After approval, the generating flask is wrapped with a 
towel as a precautionary measure and the dilute H.S0, 
added. After hydrogen has passed through the appa- 
ratus for several minutes, the gas issuing from the exit 
tube is collected in a small test tube. The inverted test 
tube is transferred to a burner kept at a safe distance 
from the apparatus. When the collected gas burns 
quietly, it is judged that all of the air has been flushed 
out of the system. The issuing gas is then ignited with 
the tube of burning hydrogen and the heating of the 
sample is begun. The student is instructed to heat 
gently at first and then strongly for at least 15 minutes. 

The tube is allowed to cool in hydrogen, removed and 
heated near the lip to drive off condensed water. After 
cooling to room temperature, the tube is weighed and 
the weight of metal calculated. The weight of oxygen 
is obtained by difference; the gram equivalent weight 
of the metal is then calculated and reported. 


STUDENT RESULTS 


Results for six oxides are given in Table 1; dats for 
Fe,03, which proved to be an unsatisfactory unknown, 
are included for comparison. All results are base: on 
100 or more reported samples except Co;O, (27 samples). 
and Cu,O (20 samples). One other oxide, SnO, was 
tested and found to give unsatisfactory results 01 the 
basis of 20 samples. 

Many of the larger errors are due to mistak:s m 
weighings or in calculations; this is one of the first 
quantitative experiments performed by the stud:nts. 
A major source of error appears to be failure to he: the 
sample at a sufficiently high temperature for a ‘ong 
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UCA TION 


TABLE 1 
Summary of Student Results 


Percentage of results within the indicated range of the 


theoretical gram equivalent weight 
Oxide +1% +3% +5% +10% +20% =+30% 
CoO 14 28 35 48 62 78 
Sn0: 8 15 20 33 51 57 
NiO 8 13 18 24 48 63 
CuO 6 13 19 31 49 57 
Co;0; 7 15 19 33 52 63 
Cu? 5 10 15 35 50 60 
Fes) 2 4 10 15 22 30 


enough time. Many students assume that the reduc- 
tion is complete when the sample changes color, despite 
instructions to the contrary. It is perhaps significant 
that CoO, which does not show a pronounced color 
change on reduction, gives the best results. Fe:Os, 
which requires prolonged heating to avoid reoxidation 
on exposure to air, gives poor results. Slightly over 
half of the students reported results more than 50% 
greater than the theoretical for the gram equivalent 
weight of iron. The poor results with SnO can be 
attributed to deposition of some of the finely divided 
oxide on the delivery tube. Students receiving samples 
of CoO, SnO2, Co;0,, Fe,O;, and SnO, which require 
relatively high temperatures for reduction, were issued 
Meker burners; the other oxides were heated with 
Bunsen burners. 

Several students were unable to keep their hydrogen 
flame burning steadily. The principal cause of this 
difficulty is the generation of hydrogen at an irregular 
rate. This can be corrected by using a dropping funnel 
rather than a thistle tube to admit the dilute sulfuric 
acid. Other causes include improper design of the exit 
tube tip and condensation of water in the tube leading 
from the generating flask to the calcium chloride tube. 
It is desirable to use a long drying tube to make sure 
that the hydrogen is dry when it enters the sample tube. 
Water vapor in the hydrogen will of course have an un- 
desirable effect on the position of the reduction equi- 
librium. 

It is to be noted that with the procedure and un- 
knowns used the number of explosions is extremely 
small. The few that do occur result when impatient 
students light the hydrogen with a match contrary to 
instructions. This may result in blowing the stopper 
out of the sample tube. Hach student is required to wear 
safety glasses during the experiment. 


SELECTION OF SUITABLE OXIDES 


An oxide to be used as an unknown should be quan- 
titatively reduced to the metal under the conditions of 
the experiment. It should not give a volatile product 
which will condense in the delivery tube or escape from 
the apparatus altogether. This consideration elimi- 
nates such oxides as HgO, CdO and As,0;. For use 
with large classes, the oxide should be relatively easy to 
obtain in a satisfactorily pure state.‘ 

_ With these criteria in mind, the following oxides were 
investizated: CoO, NiO, CuO, Co;0,, Cu,0, 
Fe:0s, SnO, Ag.O, PbO, PbO,, Pb30,, Mn0O,, and Fe;Q,. 
Calculations show that the free energy change for the 
reduction of each of these oxides is negative at the op- 
erating temperatures (500°-700°C.). The results ob- 
tained with eight of these which proved satisfactory are 
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summarized in Table 2. The apparatus used was 
essentially the same as that used by the students. A 
dropping funnel was substituted for the thistle tube and 
weighings were carried out to +.0001 g. All reduc- 
tions except that of FeO; were carried out with a Bun- 
sen burner. Each sample was tested for complete re- 
duction by reheating in hydrogen for a five minute 
period. At least three samples of each oxide were 
analyzed. 


TABLE 2 
Oxides Quantitatively Reduced by Hydrogen 
Heating time 
Equivalent weight required 
Oxide Calc Obs. Av. dev. (minutes) 
CoO 29.47 29.42 + .03 15 
SnO: 29.68 29.88 + .05 15 
NiO 29.35 29.25 + .04 10-15 
CuO 31.77 31.82 + .09 5 
Co;0, 22.10 22.07 + .05 15 
Cu,0 63 .54 63 .04 + .2 5 
Fe,0;* 18.62 18.62 + .05 15 (Meker 
burner) 
SnO* 59.35 58.35 + .20 15 


* Shorter heating periods or lower temperatures gave samples 
which reoxidized on exposure to air, as shown by the evolution of 
heat and, in extreme cases, a color change from black to red. 
Even when the samples were heated as indicated, a small evolu- 
tion of heat could be detected on exposure to air. 

+’ The SnO samples were in the form of a finely divided dust 
which tended to deposit on the delivery tube. When the delivery 
tube was shortened so that it projected only about halfway into 
the sample tube, the equivalent weight was found to be 58.75. 


Four of these oxides, NiO, CuO, Fe.O;, and SnO, are 
available commercially in satisfactorily pure form (re- 
agent grade) to be used directly. Reagent grade SnO, 
when used directly gave results which were about 2% 
high; when washed with dilute nitric azid and ignited, 
the value given in Table 2 was obtained. The best 
grade of CuO available is only 96%-97% pure. A 
sample of Mallinckrodt Cu,O of this purity was ex- 
tracted with ether, washed with distilled water, alcohol 
and ether, and dried in a vacuum desiccator. The prod- 
uct remained impure; on reduction a copper mirror 
was formed in the test tube and the flame took on a 
green color (see footnote 2). It would appear that the 
impurities present compensated for each other to 
give a surprisingly accurate value for the equivalent 
weight of copper. The Co;0, used was prepared from 
CoCO; (reagent grade, washed several times with dis- 
tilled water) by heating with a Meker burner in an open 
crucible for about two hours. Samples of CoO were 
prepared similarly except that the CoCO; was heated 
in an atmosphere of carbon dioxide or nitrogen. 

None of the other oxides tested gave satisfactory re- 
sults. Manganese dioxide even on heating in hydrogen 
with a Meker burner for long periods of time gave in- 
complete reduction with small amounts of metal pro- 


_ duced. Samples of Fe;0, on heating in hydrogen for an 


‘ It is to be noted that a sample of NiO could be contaminated 
with as much as 50% of CoO and yet, because of the similar 
equivalent weights of nickel and cobalt, give a value for the 
equivalent weight of nickel of 29.41 as compared to the theoretical 
value of 29.35. On the other hand, if the sample contained only 
1% of volatile matter it would give an equivalent weight of 
28.02. The presence of volatile impurities becomes especially 
important with metals of high equivalent weight. 0.1% water 
in Cu,O lowers the calculated equivalent weight of copper by 
0.9%. 
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hour with a Meker burner lost about 85% of their oxy- 
gen. Samples of PbO and Pb;O0, formed metallic lead 
but gave high and widely varying values for the equiva- 
lent weight. The test tubes used invariably cracked on 


cooling. From the appearance of the tubes it was 


evident that some substance, presumably PbO, |.ad 
entered the glass. Samples of PbO, and evol:ed 
oxygen rapidly even when heated slowly with hydro en 
at a low temperature. Consequently, explosions re- 
quently occurred during their reduction. 


CONDENSED NORMS: A.C.S. COOPERATIVE EXAMINATIONS 


Two new tests were released in the spring of 1957. 
The norms have been calculated from the reports, and a 
condensed version is given below. 


HIGH SCHOOL FORM N 


Sub-group Sub-group II® Sub-group 
Maximum (most (seniors- (excep- 
possible typical) physics) tional) 
score 90 90 90 


Percentile rank 


99 
95 


90. 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
1 


The scoring formula used was R-W/4 throughout. 
The figures given are raw scores. 


* A sample of 1468 papers was systematically drawn from a 
total population of 2128 papers from 32 high schools. 

The students were tested at the end of a two-semester course, 
receiving one unit of credit. No students (less than 0.5%) in 
this group had studied ehyeies. Nearly all the students had per- 
formed from 25 to 60 laboratory experiments, the modal being 40 
experiments. In most of the schools the time allotted to chemis- 
try was from 270 to 300 minutes per week, the modal being 275 
minutes (5 periods of 55 minutes each). 

> A sample of 744 papers was taken from a total of 1026 
papers from 10 high schools. Sixty per cent of the students in 
this group had taken physics. The number of laboratory ex- 
periments performed in 8 of the 10 schools ranged from 25 to 45, 
the modal being 35 experiments. The time given to chemistry 
was 250-330 minutes per week, the modal being 280 minutes 
(5-56 minute or 7-40 minute dear 

© This group consists of 19 distinct classes, in nine high schools. 

ese were variously described by teachers as “‘exceptional’’ or 
“better’’ classes. Two classes had students taking advanced 
placement. About 46% of the total group had physics. Most of 
the students performed 25-45 laboratory experiments; the min- 
~_ i week devoted to lecture and laboratory ranged from 250 
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The condensed norms are selected from a much 
larger body of data which can be obtained from the 
Examinations Committee, American Chemical Society, 
T. A. Ashford, Chairman, 1402 South Grand Boulevard, 
St. Louis 4, Missouri. 


@ HIGH SCHOOL CHEMISTRY, FORM N 


Reviewed by 
L. E. BROMBERICK 


North Shore High School, Glen Head, 
Long Island, New York 


Tue chief purpose of this test is to measure the student’s achieve- 
ment in the subject matter of high school chemistry. This is « 
particularly important publication since it is sponsored jointl 
by the A.C.S. and N.S.T.A. An analysis of the test will indi- 
cate, to many persons interested in chemical education, a quasi 
official statement as to the breadth, depth, and accuracy of the 
subject-matter goals of conventional high school chemistry. 
Since many teachers are currently engaged in planning ‘‘stepped 
up’’ courses in high school chemistry, this could well be a timely 
reference and base of departure. 

This is a good test for use as a final examination to measure 
the achievement of students after they have had a year of in- 
struction in conventional high school chemistry. However, 
many teachers will use it to supplement their own testing program 
and as an objective means for comparing local achievement with 
national standards. The examination is very well designed for 
flexibility and convenience in administration and scoring. It is 
in two parts; each part consists of 45 test items and requires 4 
minutes. Each part is described as a complete and v:iid tes! 
for an entire course. Reliability of testing may be incre..sed by 
using both parts. 

This examination will not be well suited for evaluat ng the 
achievement of the very good high school chemistry s‘ dents 
(the exceptional students in special accelerated or ‘‘!\onors 
classes.) The level of understanding that is called for in ‘he tes! 
sampling is not of sufficient depth to provide for an effec’ :ve dil- 
ferentiation in the fine achievement among these students _Per- 
haps a third part should be included for the purpose of me suring 
relative achievement among “merit’’ students. Prob: ly 
additional limitation of this test is lack of enough emp! .sis 0 
organic chemistry. 


1 Condensed norms for the currently used A.C.S. Coo) erative 
Examinations in J. Cuem. Epuc., 34, 144 (1957). 
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73 83 
64 68 80 
60 63 78 
56 59 75 
52 56 72 
49 53 69 
47 51 67 
44 49 65 
41 46 63 
38 44 61 
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34 38 57 
31 36 55 
27 31 50 
24 29 47 
21 26 43 
17 22 39 
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@ QUANTITATIVE ANALYSIS, FORM N 


Reviewed by 
H. E. WILCOX 


Birmingham-Southern College, 
Birmingham, Alabama 


T 1s much needed new form of the quantitative analysis test 
fo\ows closely the pattern set by the older Forms X, Y, and G. 
It 's of the multiple-choice type, but the number of questions in 
th- theory section has been reduced from 60 to 45, although the 
tiie allotted to this section remains unchanged. As in the past, 
thirty problems comprise the second part, including some which 
mizht be considered to be qualitative analysis types. Since the 
qu:stions and problems are of approximately the same average 
difficulty as those in previous tests, the reduction in number of 
ites should remove much of the time pressure. 

\s might be expected, the questions and problems show a wide 
variation in difficulty from the simplest memory types to those 
which should challenge the reasoning ability of the best students. 
Still, it might have been desirable to have used ‘“‘correct answer 
not given’’ as one of the five choices for at least some of the prob- 
lems since all of the correct answers checked very closely by 
slide-rule calculations. 

In a shortened examination, however, one should certainly 
avoid redundancy, and this reviewer found some pairs of questions 
which impressed him as testing nearly identical areas of knowl- 
edge. Thus, while the coverage of material should be quite 
adequate for a one-semester course, there would probably be some 
incompletely tested areas if this test were used for students who 


QUANTITATIVE ANALYSIS, FORM N 
Sub-group 


(two semesters) 
105 


Sub-group I 
(one semester) 
105 


M axrimum 
score 
Percentile rank 


The scoring formula used was R-W/4 throughout. 
The figures given are raw scores. 


had had a rigorous two-semester course in quantitative analysis 
in addition to qualitative analysis. Since this test will be used 
primarily as the final examination in one-quarter or one-semester 
courses, the above objection is not a serious one. 


A PIPET FOR THERMOCHEMISTRY 


THE undergraduate course of physical 
chemistry often includes as an experiment in 
thermochemistry the measurement of the 
heat of neutralization. As usually per- 
formed, directions call for pouring together 
acid and base (or other reacting electrolytes) 
in a Dewar flask and noting the temperature 
change as the reaction progresses. Students 
are often frustrated through inability to 
control the initial temperature of the react- 
ants so as to make them identical at the 
start of the reaction. An error of a mere 


Wy usually good agreement) will render futile 

the precise use of a Beckmann thermometer 
which the student is expected to read to the nearest 
thousandth of a degree. One obvious solution to the 
pro! !em is to immerse one reagent in the other, thereby 
to iisure thermal equilibrium. There remains, how- 
ever, the problem of transfer of liquids without loss and 
without change of either temperature. Such errors 
arise if one solution is momentarily removed in order to 
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hundredth of a degree (which would be un-— 


ALLEN L. HANSON 
St. Olaf College, Northtield, Minnesota 


pour it into the other. The accompanying figure shows 
the design of a vessel which solves the problem. 
The device is a transfer pipet which will contain one 
of the reactants (e.g., acid), and is set into the other 
(basic) solution. When thermal equilibrium has been 
reached the contents of the pipet are discharged by 
blowing into tube A without removal from the bath. 
The pipets can be made from 3-cm. X 25-cm. test tubes 
by drawing out the tops, sealing on mouthpipes, and 
sealing in the delivery tubes which extend to the bottom 
of the vessel. The pipet thus made is about 33 em. 
over-all and is suitable for use with a one-quart Dewar 
flask. There is room in the flask for a ring stirrer made 
from plastic rod and for a Beckmann thermometer. 
About 100 ml. of reagent is used satisfactorily in this 
manner. Since there is of course not a complete dis- 
charge of the contents of the pipet, some of the reagent 
to be used is first introduced and is blown out. Then 
100 ml. are accurately measured and introduced 


through tube A. A little practice will insure reason- 
able duplication of the amount of run-back and thus 


give sufficient precision. 
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New Ideas in the Four-Year Chemistry Curriculum’ 


@ INTEGRATED INTRODUCTORY COURSE IN 
PHYSICS AND CHEMISTRY’ 


For many years Wabash College has required a year 
of study in biological science, a year of study in physical 
science, and a year of college-level mathematics for 
graduation. To meet these requirements separate 
survey-type courses in the fields of biological and physi- 
cal science had been offered for non-majors. About a 
decade ago a biology course which not only was to be the 
introduction for all those who intended to do further 
work in either botany or zoology, but also was to be the 
course which fulfilled the graduation requirement in 
biological science for all students, was successfully de- 
veloped. Spurred on by the success of this course and 
by objections to terminal survey courses, the faculty 
recommended that a similar course in physical science 
be organized. 

It took several years to locate staff members in chem- 
istry and physics (the only physical sciences offered at 
the college) who were willing to abandon the traditional 
courses in general chemistry and general physics and 
who also were ready to make the necessary changes 
which a combined course would entail in the upper level 
courses. 

Four years ago the project began and was aided by a 
grant from the Fund for the Advancement of Education 
of the Ford Foundation. Textual and laboratory ma- 
terials were developed as the course was given and have 
been constantly revised. 

In designing the course the following were considered : 
Neither modern chemistry nor physics can be under- 
stood without a knowledge of the other science. Fre- 
quently the beginner in chemistry has to take much of 
the work in atomic structure on faith because he has not 
had the proper background in physics. This difficulty 
can be avoided in a combined course. -Furthermore, 
much repetition usually found in the customary intro- 
ductory courses is avoided. This particularly occurs 
with reference to gas laws, states of matter, atomic 
structure, and electrochemistry. 

In most of the current first year courses in general 
physics and general chemistry the major emphasis is 
placed on the accumulation of factual materials and 
phenomenological formulas needed for advanced 


1 For previous papers in this Symposium see J. Comm. Epvc., 
35, 164 ff, (1958). 

2 Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 
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EDWARD L. HAENISCH and 
LEWIS S. SALTER 


Wabash College, Crawfordsville, Indiana 


study in these sciences. It is the plethora of this type 
of learning which accords these courses the reputation 
of drudgery for non-scientists. Often little attention is 
paid to the experimental foundations, to the method- 
ology, or to the theoretical concepts and definitions 
which form the basis of the physical sciences. His- 
torical aspects, relation of physics and chemistry to each 
other and to other sciences, and social problems arising 
from scientific development are not touched. In fact, 
many of these topics are frequently relegated to a course 
in “physical science” for non-science majors. It is the 
belief of the Wabash College science faculty that science 
majors as well as non-science majors should have knowl- 
edge of these aspects. 

It was also the conviction of the science faculty that 
non-science maj ors can best appreciate the meaning and 
place of the physical sciences not only by having the 
conceptual and methodological background but also 
by being exposed to, and by using, some of the theories 
and problems which the science major must learn in 
order to advance in his chosen field. Non-science stu- 
dents should be exposed to a course “in science” rather 
than merely one “about science.” The students who 
plan to continue in humanities or social sciences also 
ought to have some actual experience in the collection, 
and interpretation by mathematical methods, of exper- 
imental data. 


THE NATURE OF MATTER AND ENERGY 


The course is built around the theme of the nature of 
matter and energy. A brief introduction is followed by 
the development of the atomic theory based on an ex- 
amination of the weight and volume relations in chem- 
ical change. Historical aspects such as the demis« of 
the phlogiston theory and the Dalton-Avogadro con’ ro- 
versy are included. These studies lead to the us: of 
arithmetical relations as applied to the “shorthand of 
chemistry in its equation’ and culminates in the | 
riodic table as conceived by Mendeleev. 

A sharp transition to the study of mechanics follo vs. 
It begins with motion in one dimension and the ‘i 
ference between average and instantaneous veloci' «s. 
The necessity for the use of vectors and for the inv:n- 
tion of the calculus is made clear in order to formu ite 
exact and far-reaching definitions of velocity and \¢- 
celeration. Enough mathematics is introduced so | iat 
the analytical geometry of the straight line and ‘he 
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differentiation and integration of polynomials is under- 
stood and applied. In fact, the students do not resist 
the calculus but rather show great interest in it when 
they see its close connection with the precise formula- 
tion of the concept of instantaneous velocity and of 
rates Of change in general. The concepts of force, 
ma-s, momentum, and energy are developed along with 
the important conservation laws. The first law of 
thermodynamics is discussed. 

A study of the states of aggregation of bulk matter 
follows and permits the combination of the atomic 
theory and mechanics in the kinetic molecular theory; 
this can accordingly be presented at a higher level of 
rigor and precision than is customary in elementary 
courses. This presentation permits emphasis on how a 
useful theoretical model can be satisfactorily de- 
veloped from a combination of physical and chemical 
concepts and mathematical principles. A brief treat- 
ment of the second law of thermodynamics (in terms of 
the correlation between entropy and molecular random- 
ness) and its significance is included. 

Electricity and magnetism are next developed, as 
prototypes of field theories. These lay the background 
for a brief treatment of electromagnetic radiation and 
the properties of waves. A point has now been 
reached at which the modern notions of atomic struc- 
ture, quantum theory, radioactivity, and nuclear en- 
ergy can be properly presented. The periodic table is 
explained in its modern “long” form in terms of the 
quantum theory restriction on the allowed orbitals of 
the electrons in the atom. 

The chemical bond is next examined. This leads to a 
treatment of chemical reactions, the conditions in- 
volved, the energetics and kinetics of such reactions, 
and the nature of chemical equilibrium. Finally, oxi- 
dation-reduction and its relation to electrochemical 
processes is studied. 

As for mechanical details, the course carries four hours 
of credit per semester—two hours of lecture, one hour of 
recitation, and one 3-hour laboratory period each week. 
It is assumed that at the end of the year the students 
have four hours’ credit in chemistry and four in physics. 
The lectures over the course of the year are given jointly 
bea member of the chemistry staff and a member of the 
physics staff who divide the various sections of the ma- 
terial. The recitations and laboratory sections are 
manned by either chemists or physicists, and these 
people carry on throughout the year regardless of the 
topic considered in the classroom and laboratory. 

Included in the laboratory are many of the standard 
experiments of chemistry and physics. In chemistry 


such things as the laws of definite and multiple propor- 
tions, determination of formulas, gas laws, measurement 
of equivalent weight are included. Several of the 
laboratories are devoted to development of mathe- 
matical techniques, such as making and interpreting 
graphs, measurement of area, etc. A number of lab- 
oratory experiments are included where the students 
are expected, by collecting data and interpreting it, to 
deduce physical and chemical laws not covered in the 
classroom. Such experiments include the behavior 
of pendulums, the speed of chemical reaction, ete. 


FOUNDATION FOR FURTHER SCIENCE COURSES 


A few words on the remainder of the curriculum may 
be inorder. The first semester of sophomore chemistry 
is a course on inorganic chemistry and introductory 
qualitative analysis. Much of the descriptive chemis- 
try omitted from the first year course is completed along 
with a detailed study of equilibrium calculations. 
Completion of this course gives the student the equiva- 
lent of a year’s credit in general chemistry. The sec- 
ond semester of the sophomore year is an introductory 
quantitative analysis course. In the junior year 
courses in organic and physical chemistry are taken. 
The senior year includes a semester of advanced organic 
chemistry and a semester of advanced analytical chem- 
istry along with certain other options. The sophomore 
year in physics is called ‘intermediate physics” and fills 
in many of the gaps from the first year course. 

On the whole, student reaction to the integrated 
course in physics and chemistry has been good. The 
students seem pleased to be given a sound explanation 
of the whys and wherefores of the fundamentals of 
physics and chemistry without all the jumping around 
among varied topics which usually takes place in sep- 
arate beginning courses in the two fields. Encouraged 
by this response the Wabash faculty is continuing its 
efforts to improve the course. 

Finally, it is interesting to note that each staff mem- 
ber regardless of whether he is a physicist or a chemist 
has to carry his own recitation and laboratory sections 
throughout the whole academic year without reference 
to the material under discussion. This has led to a 
better knowledge and understanding of both sciences 
by each teacher and has had far-reaching effects on the 
mutual relations of the two departments and the con- 
tent of the upper level courses. Particularly valuable 
has been the unification of viewpoints on such topics as 
gas laws, electrochemistry, etc., which were normally 
treated separately by the physicists and chemists in 
their own introductory courses. 
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FRESHMAN CHEMISTRY LABORATORY AT THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY’ 


T ue work of the freshman year at the California Insti- 
tute of Technology is uniform. Students take basic 
courses in mathematics, physics, chemistry, English, 
and history. At the end of this year students pre- 
register for the sophomore year and for the first time 
must select a professional option. Since the end of 
World War II there has been a continued decrease both 
in the number and in the average quality of the students 
electing to enter the options in chemistry and applied 
chemistry. Even after taking into consideration the 
present glamor of physics and electronics, this decrease 
has appeared to be abnormally large. In fact there 
seemed evidence that the laboratory work of the fresh- 
man chemistry course was neither attracting the interest 
of the students in general, nor holding the interest of 
those who had been previously attracted to the field. 
In seeking an explanation of this situation three some- 
what related questions emerged. 

First, to what extent was the conventional laboratory 
work of the general chemistry course still unduly in- 
fluenced by the period when chemistry was predom- 
inantly a descriptive science? 

Second, since substantially all of the freshman stu- 
dents at the Institute have had high school chemistry of 
some type, to what extent was the laboratory work 
repetitive and therefore not providing either stimulation 
or evidence of progress? 

Third, to what extent was this laboratory work 
failing to recognize that both science and engineering 
are becoming progressively more quantitative in theory 
and practice? 

There had been an attempt to introduce more quan- 
titative experiments into the laboratory work. Experi- 
ments making use of Mohr burets and analytical-type 
balances with a sensitivity of approximately one milli- 
gram had been introduced into the work, but there was 
little evidence that these experiments had proved to be 
particularly effective in increasing interest. In fact the 
introduction of this type of work in the freshman year 
caused that of the quantitative course in the sopho- 
more year to seem frustratingly repetitious and mo- 
notonous. Insome cases this feeling also was intensified 
by the necessity of correcting some of the habits formed 
in the previous year. 

As a result of these considerations, a committee from 
the Division of Chemistry and Chemical Engineering, 
composed of John Roberts, Carl Niemann, and the au- 


1 Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemi- 
cal Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 


E. H. SWIFT 
California Institute of Technology, Pasadena 


thor, was asked to consider a revision of the work of he 
freshman year and, if it appeared appropriate, of the en- 
tire undergraduate chemistry curriculum. 


QUANTITATIVE ANALYSIS IN FRESHMAN 
LABORATORY 


After considerable discussion, within the committee 
and with other members of the faculty, this committee 
recommended that an experimental program be ini- 
tiated in which the conventional work of the first iwo 
quarters of the freshman laboratory be replaced by 
quantitative experiments similar to those which had 
been given in the sophomore course in quantitative 
analysis. 

This recommendation was based, first, upon the belief 
that at present freshman students, especially those with 
the motivation to have already taken a preparatory 
course in chemistry, were sufficiently mature to be more 
interested and challenged by quantitative laboratory 
work done on a professional level than by such work 
when it was reduced to the status of a pedagogical de- 
vice. Also, it was hoped that such students would be 
challenged by the opportunity of checking their own 
competence and achievements against professional 
standards and against the achievements of their fellow 
students. 

Second, it was believed that it would not be more 
difficult to teach a freshman student quantitative tech- 
niques than to teach these techniques to sophomores. 
It was felt that these techniques would be more in- 
teresting and challenging if not preceded by similar 
work. They could be taught so that they would illus- 
trate the principles involved, not only in making chemi- 
cal analyses but also in making quantitative measure- 
ments with other instruments and in other fields of 
science and engineering. 

Third, it was believed that by a proper selection of 
experiments the general principles of chemical reac ions 
could be illustrated as effectively by such quantit: tive 
experiments as by the more descriptive and qualit:tive 
experiments generally used. Finally, it was belived 
that the analysis of unknowns would add interest t« this 
work. 

It was realized that the success of the course would 
depend upon how effectively one convinced a sti lent 
without an initial interest in chemistry that th: ob- 
jective of the course was not to train him to ).ake 
analyses, but rather to give him some appreciation of 
the methods and the problems involved in m: xing 
quantitative physical measurements regardless 0! the 
instrument used or whether these measurements vere 
to be applied to chemical, physical, or engineering pu!- 
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poses. Also, he should be made to realize that in any 
such process he should develop a feeling for sources of 
error and for critically evaluating the validity of his re- 
sults. Above all, he should develop a respect for the ex- 
perimental method and a realization that it is the basis 
of scientific progress. 

he freshman chemistry course at the Institute con- 
sists of two one-hour lectures per week, given to the en- 
tir: class of approximately 180 students; there is a one- 
hour quiz period which is given to sections of approxi- 
mately 20 students; and there are two three-hour lab- 
or:tory periods per week. The lectures are given by 
se.ior staff members. During the 1956-57 academic 
year one of the weekly lectures was usually given by 
Pr. fessor Pauling and was related to the material in the 
general chemistry text, Pauling’s “General Chemistry.” 
The other lecture was given by Professor Harold John- 
ston and was related to the general principles, not the 
specific details, of the laboratory work. The so-called 
quiz hour was in charge of a graduate teaching assistant 
and this assistant was responsible for the laboratory 
work of this section. The quiz period was used not only 
for quizzes but also for presenting and discussing the 
laboratory work in more detail and for answering ques- 
tions relating to either the lectures or the laboratory 
work. For want of a satisfactory laboratory manual, 
use was made of Swift’s “Introductory Quantitative 
Analysis”” supplemented by mimeographed material. 


LABORATORY EXPERIMENTS 


The laboratory work began with the analytical balance and 
included methods for determining rest points, determinations of 
sensitivity with various loads, and a calibration procedure for the 
l- to 5-gram weights. The student was then. given calibration 
values for the entire set and he weighed an unknown object. 
This was followed by a conventional gravimetric determination 
of the chloride in a solid unknown, the silver chloride precipitate 
being weighed on either sintered glass or porous porcelain cru- 
cibles. Next the student calibrated a buret at the 20- and 30-ml. 
intervals. He then prepared a standard silver nitrate solution by 
weighing the dried salt, dissolving it, and diluting to volume. 
Following this a volumetric determination of the chloride in an 
unknown was made with chromate being used as the indicator. 
A potassium thiocyanate solution was then prepared and stand- 
ardized against the standard silver nitrate; ferric nitrate was used 
as indicator. The thiocyanate solution was then used to deter- 
mine the silver in an alloy or the mercury in an unknown solution. 
The final work of the first quarter was the identification of one of a 
series of compounds by determining the molecular weight from 
freezing point depression measurements. 

In the second quarter the principles of oxidation reduction 
reactions were illustrated by the preparation and standardization 
of a tri-iodide solution and its use for the determination of the 
antimony in a stibnite-type ore. A thiosulfate solution was pre- 
pared and standardized and then used for the determination of 
the copper in an alloy. Acid-base equilibria were taken up then 
and the laboratory work involved the preparation of hydrochloric 
acid and carbonate free sodium hydroxide solutions and a deter- 
mination of their volumetric ratios. The sodium hydroxide was 
standardized against potassium acid phthalate. Determinations 


were then made of the concentration of acetic acid (vinegar) solu- _ 


tions and of the total alkalinity of various carbonate mixtures. 


QUALITATIVE ANALYSIS 


The laboratory work of the third quarter was shifted from 
quan'itative measurements to qualitative analysis. This was 
done in order to exploit the unique potentialities of a system of 
quali‘ ative analysis as a pedagogical device for teaching descrip- 
tive inorganic chemistry and the principles underlying chemical 
reactions. Because the pedagogical effectiveness of a system of 
qualitative analysis will be determined largely by the extent to 
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which the major separations can be correlated with the funda- 
mental properties of the elements and therefore with the periodic 
table, the system which was used was a simplified version of the 
one described by Swift and Niemann.? The initial step consisted 
of a fusion with sodium peroxide and sucrose in a Parr bomb. 
Upon treatment with water a residue remained consisting of those 
elements forming oxides which were sufficiently insoluble and 
basic in character to remain as a precipitate in the strongly alka- 
line solution. This residue was separated and termed the Basic 
Element Group. The solution was divided into two portions. 
One portion was analyzed for those elements forming predomi- 
nantly amphoteric oxides; the other portion was analyzed for 
those elements forming predominantly acidic oxides. The peda- 
gogical advantages of this approach seemed to justify an attempt 
to adapt it for class use and a simplified modification of the 
above system has been used in mimeographed form at the Insti- 
tute, and with summer classes at the University of California at 
Los Angeles, for the past four years. In this system the use of 
the Parr bomb has been eliminated by carrying out the fusion 
with sodium hydroxide and nitrate in a nickel crucible. 


EVALUATION 


This system of qualitative analysis has been used in 
freshman laboratory classes at the Institute for several 
years. However, the results obtained by the class last 
year were far superior to those of previous classes. 
These students had had an opportunity during the first 
two quarters to acquire a background of useful tech- 
niques and an understanding of chemical equilibria 
which allowed them to concentrate on the descriptive 
chemistry of the system. The author is convinced that 
the potential pedagogical values of the analytical chem- 
istry courses can be more fully exploited by beginning 
with simple quantitative determinations, where both 
techniques and principles can be developed at a reason- 
able pace. The qualitative work can then be done on a 
more rigorous basis with respect to both theory and 
practice, and with more time for treatment of descrip- 
tive material. 

An objective appraisal of the effectiveness of this type 
of freshman laboratory work is difficult to make at 
present. One should be wary of conclusions drawn 
from only one experiment. The interest and morale of 
the students last year seemed much better than it had 
been in previous years. This was true in spite of the 
fact that there was a lack of correlation and synchro- 
nization between the material relating to the general 
chemistry text and that of the laboratory. Partly be- 
cause of this the amount of material presented was such 
as to overload the average student. However, at the 
end of the year the number of students electing the op- 
tions in chemistry and applied chemistry showed an in- 
crease of approximately 65% over that for any one of 
the last five years. Two other factors could have been 
partly responsible for this effect. JV irst, the students 
realized that this was an experimental program and 
many were intrigued thereby. Secondly, last year a 
senior member of the staff was assigned on a voluntary 
basis to each of the laboratory sections. He exercised 
general supervision over the work of the teaching assist- 
ant and was supposed to spend sufficient time in the 
laboratory to become personally acquainted with each 
of the students. 

The results of the first year of this work appeared to 
justify continuing it on an experimental basis during the 
present academic year. Changes are being made as the 


? Swirt, Ernest H., anp Cart NremMann, Anal. Chem., 26, 538 
(1954). 
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result of experience. The basic course in organic chem- 
istry has been shifted to the sophomore year and re- 
places the analytical course which formerly extended 
through that year. The basic course in physical chem- 
istry will be given as formerly throughout the junior 
year. Inthe first term of the junior year there will be a 


more advanced course in quantitative analysis and this 
will be followed in the next two quarters by a physical 
chemistry laboratory course. Thus by the end of ‘he 
junior year a student will have finished his basic cour ses 
and in the senior year will be able to elect more :.d- 
_ vanced courses in his particular field of interest. 


A SPECIAL COURSE FOR SUPERIOR STUDENTS: 


Sorsnzor students interested in chemistry often come 
to the university equipped with an excellent background 
in high school chemistry and mathematics. For these 
people at least a part of the traditional first year col- 
lege chemistry course is repetitious, and there is need for 
a chemistry program wherein the student can make full 
use of his background for more rapid progress into ad- 
vanced courses. At the same time our experience indi- 
cates that these superior students are in no position to 
bypass the discipline of the first year college course and 
compete in advanced chemistry courses with the student 
who has completed a full year of college chemistry. 


THE NORTHWESTERN UNIVERSITY PLAN 


Some time ago Northwestern University established 
a special first year chemistry course to meet this chal- 
lenge. This course was designed in such a way that the 
superior student could complete college chemistry 
equivalent to general chemistry and qualitative analysis 
during the first two quarters of the freshman year, thus 
leaving the third quarter for a course in quantitative 
analysis or an elective subject. The student electing 
quantitative analysis during the third quarter of the 
first year is qualified to enroll in organic chemistry or 
physical chemistry during the second year. 

For the first two quarters of the freshman year the 
superior student is given an intensive course in general 
chemistry and qualitative analysis. This course is the 
only academic duty of « single faculty member and the 
progress of the class is adjusted to suit the needs of the 
group. Areas well understood by the students such as 
gas laws and problems related thereto, and certain 
phases of purely descriptive material are covered 
quickly. Areas in need of extended discussion such as 
equilibrium, acid-base theory and the more subtle as- 
pects of structure, periodic classification and valence are 
covered with as much detail as needed. 

A special set of laboratory experiments was devised 


1 Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 


L. CARROLL KING 
Northwestern University, Evanston, Illinois 


wherein the students, using very simple apparatus, de- 
termined certain fundamental constants such as Avo- 
gadro’s number,’ the charge on the electron, the abso- 
lute zero and K,. About half of the laboratory time 
was devoted to semimicro qualitative analysis. 

In the third quarter of the freshman year the student 
is permitted to take the first course in quantitative 
analysis which is designed to teach the techniques of 
volumetric and gravimetric analysis and to advance 
the principles of equilibria and end point estimation to 
the point where the student is able to perform and 
evaluate ordinary analytical procedures. 


SELECTION OF STUDENTS 


The special course is listed in the college catalogue as: 
“A two-quarter course equivalent to general chemistry 
and qualitative analysis. Intended for superior stu- 
dents who have had a superior high school chemistry 
course.” 

Each year about 150 freshman students seek ad- 
mission. Of these, 25 are selected. Selection is based 
on a placement examination, on high school records, and 
on college board examinations. Application for ad- 
mission to the course is voluntary. Qualified students 
are admitted without regard to their special interests. 
Most of the students who were qualified for the course 
had four years of high school mathematics. This was 
not a requirement for admission but apparently was a 
result of the selection process. 


OBSERVATIONS AND CONCLUSIONS 


This special course is now in its fourth year. >tu- 
dents of the course have invariably proved their ab lity 
to compete on even terms with older students in the ad- 
vanced courses. It is quite clear that the stud. nts 
completing the special first year course have the ad- 
vantage of being able to have a flexible progra: of 
courses in mathematics and physics as well as in ch:m- 
istry during their last three years of college work. 

2 See Kina, L. E. I. Nemsen, J. uc., 
35, 198 (1958). 
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INDEPENDENT STUDY PROGRAMS FOR 


FRESHMEN’ 


A survey of the publications in THIs JoURNAL which 
rel:te to undergraduate research reveals that most of 
the research programs are concentrated in the junior 
ani/or senior years (1-7). A recent publication (8) 
describes an undergraduate seminar and research pro- 
gram which includes sophomores. At the freshman 
level, a number of institutions (9, 10, 11) have incor- 
porated some “research” into qualitative analysis in 
the form of special problems. A “freshman research 
project” involving the determination of the equivalent 
weight of metals has been described (12). 


SURVEY OF RESEARCH AND INDEPENDENT STUDY 
PROGRAMS FOR FRESHMEN 


In an effort to determine the attitude of chemistry 
departments toward research and independent study 
programs for freshmen, and also the extent to which 
such programs are now being offered, a questionnaire 
was sent to 224 colleges whose chemistry departments 
are on the approved list of the American Chemical 
Society. 

The chemistry departments were asked to indicate 
whether or not they offered a freshman research or 
freshman independent study program. If this type of 
program was offered, the questionnaire asked for a brief 
description of it. If an independent study program for 
freshmen was not offered, the chemistry department was 
asked to indicate the reason, or reasons. 

Two hundred and eight (93%) of the questionnaires 
were returned. 

The replies have been classified into four groups based 
on the desirability of a research or independent study 
program for freshmen. 


TABLE 1 
Classification of Questionnaire Replies 
Group Number 
Opposed 45 
Neutral 63 


Not op 51 
Favorable 49 


Faculty at 35 of the institutions in the “opposed” 


group indicated that they did not offer an independent — 


study program for freshmen because of the general im- 
maturity and weak science background of the first year 
college student. Professors at the other 10 institutions 
in this group indicated that undergraduate research 


‘Presented as part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chemi- 
cal Fdueation at the 132nd Meeting of the American Chemical 
Socie:y, New York, September, 1957. 
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in the junior and/or senior years was_ sufficient. 

In the “neutral” group, 54 indicated, without addi- 
tional comment, that they did not have an independent 
study program for freshmen. The other nine in the 
neutral group “felt no need for such a program.” 

In the “not opposed” group, 48 institutions indicated 
that the lack of either faculty time, student time, or 
laboratory facilities prevented the adoption of an inde- 
pendent study program for the first year students. An 
additional three institutions in this group satisfied the 
needs of their outstanding freshmen by placing them in 
advanced courses. 


MANY INSTITUTIONS DIRECT SPECIAL ATTENTION 
TO FRESHMEN 


The 49 institutions whose replies were “favorable” 
have been grouped as shown in Table 2. 


TABLE 2 
Classification of Institutions Favorable to Sptependent 
Study Programs for Freshman Chemistry Students 


Number of institutions Classification 


26 Outstanding freshmen are invited to par- 
ticipate in discussion groups, special 
projects in the laboratory, and inde- 
pendent study programs. 

Very capable freshmen are encouraged to 
assist professors and graduate students 
on research programs. 

Plan to adopt an independent study pro- 
gram for freshmen in the near future. 

Are interested in independent study pro- 
grams for freshmen and would like more 
information about them. 


Examples of the programs offered by some of the in- 
stitutions mentioned in Table 2 are illustrated by the 
following summary statements from the questionnaire. 


Amherst: If an individual has a specific problem in mind, 
we are glad to give him space in the laboratory and help with the 
problem. This has happened recently with a National Science 
Talent winner. 


Antioch: For exceptional students, we plan some special ex- 
periments, or allow them to plan experiments for themselves. 
As an example, we have one of our unusual students who is work- 
ing with one of our professors on determining amino acids by 
means of a recording polarograph. Last year one of our students 
worked out a whole program for the determination of vapor pres- 
sures, 


Boston University: Nearly every year there are one or more 
very bright freshmen who express some spontaneous interest 
in a minor research program. In these cases, we encourage them 
and make a program and facilities available. Last year a fresh- 
man, in addition to his regular laboratory work, prepared some 
new heteropoly tungstates, made a new free acid of them by ion 
exchange, and potentiometrically titrated the acid with a pH 
meter. 
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California Institute of Technology: A special independent 
study course of three hours per week for interested and qualified 
freshmen has recently been inaugurated. 


Carleton: In recent years, we have had informal weekly meet- 
ings of a group of able freshmen. A variety of topics are dis- 
cussed, usually after a presentation by one of the freshmen. 


Delaware: Outstanding freshmen who express a desire to do - 


independent laboratory or reading work are assigned to a senior 
staff member who will suggest a modest program and supply the 
necessary supervision. 


Maine: In the past few years we have had several students 
who have become interested in problems as a result of discussion 
with the staff members in charge of general chemistry. 

We try to emphasize that ideas for problems must come from 
the students themselves and that any student who has enough 
interest, time, and ability, should have an opportunity to satisfy 
his desire for doing some “extra laboratory work.” 


Mississippi: The upper 10% of the freshman class is offered a 
special course by the chairman of the department. 


Mount Union: Independent experimental work involving 
inorganic preparations is offered to very capable freshmen. 


Nebraska: Special projects, requiring some laboratory work, 
are offered during the last three weeks in freshman chemistry. 


New Mexico Institute of Mining and Technology: The more 
capable freshmen are given the opportunity to carry out indi- 
vidual study programs. Some topics included in recent projects 
are ‘Growing Isomorphic Crystals’’ and the “Recovery and Puri- 
fication of Zinc Sulfate, Sodium Hydrogen Sulfate, and Potassium 
Chloride from Hydrogen, Hydrogen Chloride, and Oxygen Gen- 
erators.”’ 


North Carolina: A special freshman lecture section for ex- 
ceptionally able students is offered. 


Oberlin: One cannot have individual laboratory work geared 
to the capabilities and experience of different students at the 
freshman level and still assign a fixed experiment for each labo- 
ratory period. There is too much variation in the students and 
in the specific experiments they have done before coming to 
college. We have therefore gone over to a system under which 
the student works at his own rate of speed, selecting experiments 
from a preassigned list. A specific group of about ten experi- 
ments, mostly of a quantitative character, must be performed 
by all students. 


Ohio Wesleyan: A selected group of high-ranking students 
write a special paper requiring library rather than extra labo- 
ratory work. Also, permission is given to do special experiments 
beyond those assigned to the class. 


Princeton: The Department of Chemistry offers an “honors” 
course in general chemistry, admission to which is limited to 
students who have had at least one year of chemistry in school 
and whose academic records in science courses are superior. This 
course is accompanied by six hours of laboratory a week through- 
out the school year. During the first term, the laboratory work 
is qualitative analysis. The second term of laboratory is devoted 
largely to individual projects. These are chosen, insofar as is 
practical, by the students. The projects require a study of the 
literature related to the problem, development of a method 
(usually an adaptation of a known technique), execution of the 
problem, and preparation of a report written in scientific journal- 
ese. Advice and assistance are given to the individuals by the 
laboratory instructor (faculty member) and an assistant (gradu- 
ate student) on an as-asked-for basis. 

The types of projects vary widely. At present there are several 
devoted to improvement of qualitative analytical techniques, 
synthetic inorganic problems on compounds of elements not 
normally encountered in freshman analysis (as for example, ger- 
manium, silicon, titanium, and cerium chemistry), and studies of 
solubilities and conductivities of salts dissolved in non-aqueous 
solution are being made. Also paper chromatography, electro- 
phoresis, the physical chemistry of dyeing, the use of spectros- 
copy in analysis, and the relation of fuel properties to rocket 
propulsion, are under study. 

Interest in individual projects is very high. The effort ex- 
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pended is great. From a pedagogical standpoint, the major pr.\b- 
lem is to restrict a project to a subject that can be handled w th 
available equipment and can achieve its goal in a reasonable tire. 


Saint Joseph’s: Chemistry majors have the option of por- 
forming experimental work on their own time. No credit js 
given. Last year eight students performed selected experime its 
from “Inorganic Preparations” by Walton. 


Saint Louis University: We offer an honors program for ‘he 
reading and discussion of some original papers by famous ch: m- 
ists of the past. 


South Dakota School of Mines and Technology: Special proj« cts 
are assigned in the freshman laboratories. 


South Dakota State College of Agriculture and Mechanic A :ts: 
An additional hour of laboratory credit (3-hour lab.) is offered to 
chemistry majors. Each student is required to work on some 
individual project and make a report of it to the class. Scme 
recent projects are: ‘Production of Silicon by Thermite Re- 
duction,” “Separation of Halide Ions by Use of Anion Exchange 
Resins,”’ and “Paper Chromatography in Cation Analysis.’’ 


Stanford: The chemistry majors are separated as far as 
laboratory is concerned in the third quarter of freshman chem- 
istry. Their laboratory work consists of organic and inorganic 
chemical preparations, for the most part, and they enjoy a con- 
siderable choice of work to be done. This is the first year that 
we have had such a program. The twenty students enrolled 
(chemistry majors—A’s and B’s) seem to be getting a great deal 
out of the work. 


INDEPENDENT STUDY PROGRAM FOR FRESHMEN 
AT ALBION COLLEGE 


For the past six years at Albion College, we have 
offered a course in “Independent Study” which is open, 
upon invitation of the instructor, to freshmen whose 
performance in the first semester of general chemistry 
indicates exceptional talent. 

The course commences at the beginning of the second 
semester with an informal lunch at which a small group 
of very able freshmen become acquainted with the 
chemistry staff members. The program following the 
lunch includes a discussion of the nature and objectives 
of the independent study course. Brief descriptions of 
work completed in the past are presented. 

The choice of the problem for the independent study 
investigation is made after the student has had an op- 
portunity to discuss possible projects with each of the 
staff members. Problems suggested by the staff should 
be chosen with care. The instructor should be thor- 
oughly familiar with the projects which he proposes s0 
that he will be able to stimulate the interest and inag- 
ination of the student. A special effort should be made 
to choose problems which will enable the student to 
make a definite, though perhaps small, contributio: to 
scientific knowledge. 

Some of the independent study projects which our 
students have chosen are: 


Factors Affecting the Stability of Colloidal Sulfur 

Freezing Point Lowering with Mixed Salts 

Development of a Reliable Lecture Demonstration for the 
Quantitative Illustration of Graham’s Law 

Reaction of Cobalt Nitrate with Commercial Bleach Soli: ions 

Preparation of Sodium Halide Colloids 

Viscosity Modifiers 

Diffusion Coefficients in Mixed Solvents 


The student has regular conferences with the -‘aff 
member as the problem proceeds. This allows the 
instructor to guide the work and to establish an info: nal 
and personal relationship with the student. 
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It is important that the instructor make certain the 
student does not attempt hazardous experiments with- 
out adequate instruction and care. 

The program which we follow permits a maximum 
of one hour of credit per semester. For this credit, a 
minimum of three hours in the laboratory, or one hour 
in the library, each week, is required. 

Ail of the data obtained by the student, including any 
information from a literature search, are recorded in a 
suit: ble research notebook arranged with carbon copies. 
The student may keep the carbon copies, and the origi- 
nal record becomes a part of the permanent files of the 
cheniistry department. 

Ai the end of the semester, the students participating 
in the independent study program are required to write 
a careful, well-organized report describing the work 
which they have completed. Also, they are asked to 
present an oral discussion of their results to the local 
Student Affiliate Chapter of the American Chemical 
Society. (This is, generally, one of our most stimu- 
lating meetings of the year.) 


INDEPENDENT STUDY PROGRAMS FILL NEED FOR 
GIFTED STUDENTS 


What are the educational values of an independent 
study program for freshmen? 

James R. Killian (M.I.T.) headed a committee for 
the White House Conference of Education which made 
this observation (13): 


Educational programs which fully exercise and develop the 
abilities of especially brilliant students must be maintained .. . . 
Increasing stress must be placed on meeting the challenges of 
these students who have the capacity for the greatest intellectual 
growth. 


James Bryant Conant, former President of Harvard 
University, has made a similar plea (14). 

In a special report entitled “Manpower and Educa- 
tion” the Educational Policies Commission (15) makes 
the following statement: 


Gifted students should be identified early and given oppor- 
tunities which will challenge their powers and develop their 
talents to the fullest. 


The American Association for the Advancement of 
Science has recently announced (16) a new program for 
the use of research funds for carefully selected high 
school and college students in the smaller colleges (if the 
college is unable to supply what is needed). 

The Association believes that experience in original 
investigation cannot begin too early; further, the solv- 
ing of even a simple problem in the laboratory can 
provide an important stimulus to the young mind. 

With the spread of the principle of mass education 
the problem of the gifted student has become in- 
creasingly important. The experiments in ‘College 
Admission with Advanced Standing” (17), ‘Teaching 
Colleze Chemistry to Selected High School Seniors” 
(18), and “Program for Early Admission to College” 
(19), are designed to serve the needs of superior pupils. 

With the rapid increase in college enrollments, it is 
essential for teachers to be more alert regarding their 
responsibilities to the gifted student. L.G. Bassett has 
said (20): 
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The necessity of coping with large numbers of students should 
not result in the formalizing of our methods of instruction to 
such an extent that the unusually gifted individual is given little 
or no chance to think for himself, to display his own initiative, 
curiosity, or innate creativity. 


Independent study programs for freshmen provide a 
means whereby the needs of the gifted student can be 
satisfied during the very important first year of college. 
The significance of an early “singling out’’ of pupils of 
superior scholarship is discussed by Thiessen (2/) in his 
article on “Finding and Founding Future Chemists.” 


INDEPENDENT STUDY PROGRAMS CAN PROVIDE 
MOTIVATION FOR CHEMISTRY 


The problem of motivating students for chemistry 
has been discussed by Hurd (22). He points out that 
the “‘slow pace set for the mediocre bores the very able 
student.” 

A primary value of an independent study program for 
freshmen is the production of a considerably increased 
motivation for the study of chemistry. The challenge 
of independent experiment, and the stimulation of being 
at, or near, the frontiers of chemical knowledge, serve 
to maintain the interest of the student at a high level. 
Summerbell (23) describes experiment as the ‘most 
powerful tool for motivation in the hands of our science 
instructors.” 

The reaction of the students at Albion College to the 
independent study program for freshmen is best sum- 
marized by the following statements from two of the 
written student reports. 


The most important thing that I gained from this course was a 
chance to think out a problem with a minimum of help and super- 
vision. I believe that this type of study is of great value in de- 
veloping thinking minds. 


Above everything else, I have gained a greater interest in all 
fields of chemistry. The various types of experiments being 
performed by my fellow students were very stimulating. I am 
now more certain than ever that I want to major in chemistry. 


CONCLUSION 


Crawford H. Greenwalt, President of E. I. du Pont de 
Nemours, has said (24) ‘The great problem, the great 
question, is to develop within the framework of the 
group the creative genius of the individual.” 

Independent study programs for freshmen will help 
to solve this problem in first year college chemistry. 
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THE UNDERGRADUATE CHEMISTRY 
SEMINAR: A SURVEY' 


Wau several articles on undergraduate chemistry 
seminars have appeared in THIS JOURNAL,?**5, they 
have described more or less special adaptations to fit par- 
ticular needs. Since no single case-study gives an ade- 
quate appreciation of the more general application of 
the seminar to the undergraduate training of the 
chemist, it was suggested that a survey be made of ex- 
isting practices in colleges and universities, taking as a 
suitable sample the departments accredited by the 
American Chemical Society. 

Accordingly, a two-page mimeographed question- 
naire was sent out late in October, 1956, to each of the 
233 departments of chemistry listed as approved by the 
A.C.S. Committee on Professional Training. Of these, 
188 (81%) replied. Several department heads sent 
along elaborating letters, and others volunteered in- 
formation by write-ins on the questionnaire. The evi- 
dence suggests considerable interest in the subject, but 
there was no unanimous mandate for the seminar as 
essential to the undergraduate preparation for the 
chemical profession. 

Forty-five per cent of the chemistry departments re- 
turning the completed questionnaire (85 schools) offer 
an undergraduate seminar. There was no evidence for 
geographical or regional influence on the frequency of 
undergraduate seminars, and so the analysis of the re- 
turns is based principally on distribution according to 
total enrollment of the colleges and universities. 

These are arbitrarily grouped into four classes: 
class #1, schools with enrollments up to two thousand 
(67 schools); class #2, enrollments between two and five 
thousand (48 schools); class #3, between five and ten 
thousand (46); and #4, more than ten thousand (27). 
The proportion having seminars in each of these four 
classes is: #1, 61%; #2,48%; #8, 28%; and #4, 30%. 

Relatively more of the smaller colleges use the sem- 


1 Presented as a part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chem- 
ical Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 

? Sampey, J. R., J. Epuc., 8, 520 (1931). 

3 Ienatta, Sr., M., ibid., 23, 149 (1946). 

4 Scuaap, W. B., anp H. G. Day, ibid., 33, 84 (1956). 

5 Fromm, F., ibid., 33, 347 (1956). 
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inar than the larger schools. A more complete break- 
down of the undergraduate seminar frequence in 
schools of various sizes is given in Figure 1. It can be 
seen that no group of schools has a monopoly on the 
undergraduate seminar, despite the evident trend. 

The frequency of undergraduate seminars was ex- 
amined relative to the existence of a graduate program 
leading to a doctorate in chemistry, a master’s program 
only, or no graduate program. These results are given 
in Figure 2. The proportion of schools having seminars 
to those not having seminars, distinguished according to 
the levels of graduate instruction for each class of 
schools, indicates that fewer schools with graduate 
programs offer the undergraduate seminar than those 
without; and that the full graduate program is of 


© Seminars 


5-1 1-2 5-10 Mi >20 


Total population of schools (in thousands) 


Figure 1. Frequency of Undergraduate Seminars Relative to £:7¢ of 
Schoal 
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greater effect on this distribution than the master’s 
degree program. ° 

‘The average number of years the 85 departments of 
chemistry have been offering the undergraduate seminar 
is 14. The average varies significantly from this value 
for only class #4 schools, the average for this group being 
three years. Seven schools have been using the under- 
graduate seminar for 30 years or more. Twenty-three 
programs (27%) have been inaugurated within the last 
five years, seven of these occurring among the eight 
larzest schools now offering seminars. It would seem 
that here the smaller schools are paving the way. 


MECHANICS OF THE SEMINAR 


Most undergraduate seminars are run on a weekly 
basis. A few are biweekly two-hour sessions. Some 
are irregularly spaced by reason of the few students in- 
vol ved. 

Participation in the seminars is limited to seniors in 
80°; of the schools, and to juniors and seniors in the 
other 20%. Freshmen and sophomores sometimes 
attend, or are at least welcome, but generally do not 
take active part. In schools where there is no under- 
graduate program, seniors are usually urged to attend 
the graduate seminar and occasionally are invited to 
give papers in the graduate seminars as a reward for an 
exceptionally fine piece of undergraduate research or be- 
cause of manifest special interest or ability. 

Approximately one third of the student seminars are 
directly related to undergraduate research. Most are 
reports of a literature search on a special topic. Others 
operate within courses of advanced chemistry, especially 
organic. 

Two-thirds of the seminar programs depend at least 
in part on speakers other than the undergraduates them- 
selves. Seventy-seven per cent operate independently 
of A.C.S. student affiliate groups and chemistry clubs. 
The activities of such groups are very often mentioned 
as the equivalent or a substitute for the undergraduate 
seminar by departments which do not have the seminar. 

In the small colleges (class #1) the entire chemistry 
faculty generally attend the seminars. This is often 
true in class #2 schools also. The per cent of faculty in 
attendance falls off in the larger schools where the semi- 
nar is frequently attended only by the staff members in 
charge of the program. The average faculty attendance 
is 63%, varying according to the size groups from 83% 
to 33%. 

In 85% of the seminars, participants are evaluated 
critically by members of the chemistry staff. This is 
usually done in private. In at least one case a form is 
provided. The practice of offering constructive criti- 
cism drops from 100% to 62% as the size of the school 
increases. 

Academic credit is given by 73% of the schools. 
There is a greater frequency of assigned credit among 


the larger schools, varying from 67% in class #1 schools 


up to 82% in class #4 schools. Abstracts or outlines 
of seminars are required by more than half (54%) of the 
reported programs. This factor varies between 41% 
and 70% but does not seem to follow a trend which is 
dependent on the size of the school. 


VARIETIES OF SEMINARS 
The undergraduate seminar has been adapted to a 
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N—-No Graduate Program. 
M—Master’s Degree Program. 
D—Doctor’s Degree Program. 


Figure 2. Frequency ot Undergraduate Seminars Relative to Graduate 
Programs 


variety of purposes and circumstances which are in- 
dicated in the preceding sections of this report. A 
brief summary of some interesting features of several 
programs is reported here which may suggest still other 
possibilities. 

(1) A “round-table’’ seminar, limited to a dozen seniors and 
two staff members, one a physical chemist and the other an 
organic chemist, meets weekly for two consecutive hours to discuss 
the students’ independent explorations in a large area of common 
interest, e.g., chelate compounds. The staff members serve as 
guides, critics, tutors, and moderators. 

(2) The objectives of senior research projects are explained by 
the students early in the academic year, and their accomplish- 
ments are reported at the end of the year. Intermediate talks are 
given by faculty members on their research. This type of seminar 
is sometimes limited to the better students. Faculty attendance 
has also been restricted to encourage more complete freedom of 
discussion. The program may be tied in with chemistry club 
activities. 

(3) Individual and group studies in a special field or from a 
prepared reading list are reported and discussed. These have re- 
sembled regular classes in scheduling according to the four basic 
fields of chemistry, and in term papers and examination require- 
ments. Often several short talks (e.g., 15 minutes) make up a 
single session. 

(4) The seminar format has also been used by way of review 
and extension of course work to prepare for comprehensive exam- 
inations. This has been either strictly chemical in character, 
associated with other sciences, or extended to the general college 
program as an integrating factor. 

(5) Series of special lectures have been given either by staff 
members to acquaint the students with faculty special interests 
and a more immediate knowledge of the nature of research, by 
industrial representatives to inform the undergraduates of future 
work realities and opportunities, or by outstanding chemists on 
their particular specialties. 


ADVANTAGES OF THE SEMINAR 


The questionnaire listed four possible advantages of 
the undergraduate seminar program which were to be 
checked only if they were considered to be of practical 
value. Thirty-nine respondents checked all four. The 
individual point totals were: 56 for (a) “It develops 
ability to express ideas’’; 59 for (b) “It gives practical 
training in literature searching and the organization of 
material’; 46 for (c) “It increases the depth and/or 
variety of the students’ knowledge in their professional 
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field”; and 53 for (d) “It furnishes helpful information 
for evaluating students’ abilities.” 

The space provided for writing-in points of value 
suggested by the correspondents was much used. Ac- 
cording to these, the undergraduate seminar stimulates 
the student’s interest in his faculty and their research, 
in graduate school studies, in employment oppor- 
tunities, in teaching as a career. The seminars were 
considered to help in the preparation of undergraduates 
for comprehensive examinations, for graduate school, 
for industry. The seminar develops self-confidence, 
pride, critical ability, faculty-student bonds, esprit de 
corps. It allows coverage of areas in chemistry not 
treated in course work. It can be used to point out 
correlations between the various branches of chemistry 
and their distinctive but complementary contributions 
to the solution of common problems. The seminar 
may even be used to obtain student help in literature 
searches for overworked professors. 


DIFFICULTIES AND OBJECTIONS 


The questionnaire provided space for indicating ob- 
jections and difficulties relative to the undergraduate 
seminar program for those departments which offer none. 
For schools offering seminars, the questionnaire sug- 
gested three possible disadvantages associated with such 
programs and a space for writing-in others. 

The most frequently mentioned reasons for not hav- 
ing undergraduate seminars were: difficulty in schedul- 
ing the program, the lack of time available in the cur- 
riculum, the heavy course load of chemistry majors, the 
teaching load of the faculty, the few students majoring 
in chemistry. Also mentioned was apathy of the staff 
and disproportionate emphasis on the graduate program. 
Whereas some schools never seriously considered the 
possibility (seminars are not required for A.C.S. ac- 


creditation), others emphatically saw no need for them 
since the same benefits were derived from term payers 
and class discussions, special courses in ‘‘Introductioi: to 
Research” and “Chemical Literature,” chemisiry 
clubs, and graduate seminars. It was objected that 
undergraduate seminars take time from fundamenit ls, 
that too few benefited, that the students lack sufficient 
depth of knowledge to handle the discussions, that t ey 
interfere with undergraduate research and also, ind 
more seriously, with staff research. 


SUMMARY 


Forty-five per cent of the schools answering the 
questionnaire on undergraduate seminars have such a 
program. Seminars are more popular with the smaller 
schools but their number is increasing in all classes of 
colleges and universities. Only two schools have dis- 
continued seminar programs; one of these was forced 
to do so by reason of the few students, and intends to 
re-establish the seminar when conditions permit. If 
graduate programs are in force, the need for the under- 
graduate seminar is considered less urgent and the 
graduate seminar often is expected to provide for both 
groups of students. 

Where undergraduate seminars are held, they gen- 
erally operate on a regular schedule, are given academic 
recognition, and make use of students, staff, and outside 
speakers. 

Support for the seminar was more explicit, frequent, 
and enthusiastic than the objections. Many and seri- 
ous difficulties are readily admitted. The general tone 
of the survey was decidedly favorable to the under- 
graduate chemistry seminar as a distinct but not 
necessarily essential contribution to the education of 
the chemist. 


THE TEACHING OF CHEMISTRY TO 


NONMAJORS: 


A survey was made of chemistry departments in col- 
leges and universities in the United States in order to 
determine their policies and philosophies with respect 
to the question: Is there a trend toward or away from 
teaching specialized courses in chemistry to nonmajors? 
Emphasis was placed on soliciting personal comments. 
This report is a condensation of data and comments 
from responses to the two questionnaires which were 
sent out; one in December 1956 (121 forms) and one in 
April 1957 (62 forms). The second questionnaire was a 
simplified form of the first one. 


1 Presented as a part of the Symposium on New Ideas in the 
Four-Year Chemistry Curriculum before the Division of Chem- 
ical Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 


A SURVEY’ 


JACK VANDERRYN 
Virginia Polytechnic Institute, Blacksburg, Virginia 


The purpose of gathering this information was to ob- 
tain the views and experiences of many teachers and 
administrators concerned with chemical education as a 
guide to further course and curriculum development 
and to make this information available to others. 

One hundred twenty-seven replies (69.4% re‘ urn) 
were received from chairmen of A.C.S. accredited de- 
partments of chemistry. Fifty-one replies (49%) were 
from state or municipally supported institutions, t! rty- 
three (26%) were from privately controlled engine: ring 
schools and forty (34%) were from private liberai arts 
colleges. 

Department chairmen were asked to list how 1.any 
different undergraduate courses were taught in eac!: one 
of the four major fields (general chemistry, qualit:itive 
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and quantitative analysis, physical, and organic) and, 
if more than one course was offered, for which curricu- 
lum each course was intended. Space was also pro- 
vided for indicating whether courses were split up into 
special sections and on what basis the division was 
made. Finally, the institutions questioned were asked 
to indicate possible future trends in their department 
regurding the offering of specialized courses for special 
groups and then to make any comments or explanations. 
It as gratifying to note the high percentage of interest- 
ing. useful, and frank personal comments which were 
received. The numerical data are summarized in 
Table 1. Qualitative and quantitative analysis were 
groped together for convenience and considered as one 
course although practices vary considerably as to how 
these courses are scheduled. 


TABLE 1 


Variety of Course Offerings by A.C.S. Accredited 
Chemistry Departments 


~ Number of 
different ——Percentages of departments—— 
courses State Liberal 
offered institutions Engineering arts Total 
General Chemistry 
1 15 29 45 28.3 
2 42 56 55 49.6 
3 40 12 0 19.7 
4 3 3 0 2.4 
Qual. and Quant. Analysis 
] 42 56 92 61.4 
2 55 44 8 37.3 
3 3 0 0 1.3 
Physical Chemistry 
1 29 58 58 46.0 
2 65 42 40 50.8 
6 0 2 
First Year Organic Chemistry 
1 18 35 78 41.9 
2 74 62 22 54.0 
3 8 13 0 4.1 


The replies to the questions regarding predicted fu- 
ture trends revealed that 20 (17%) of the institutions 
planned further increases in the number of specialized 
course offerings, 27 (22%) planned a reduction in the 
number of these courses (the outstanding example is 
the University of Washington where eight versions of 
first quarter general chemistry are being reduced to 
two), whereas 72 (61%) indicated that no changes were 
planned in the near future. Sixty per cent of the schools 
questioned in the first survey indicated that they had 
increased their number of specialized course offerings in 
the past fifteen years whereas 30% indicated they had 
decreased their number of course offerings in the same 
period. 

Special sections as subdivisions of one particular 
course were widely used in general chemistry to segre- 
gate students either according to ability, previous prep- 
aration, interest, or curriculum. Opinions varied from 
“we have tried various schemes of sectioning and have 
come to the conclusion that all of them have more dis- 
advantage than a mere chance distribution” (Alle- 
gheny College) to “‘we shall make a greater attempt to 
provide separate sections on the basis of high school 
training, indicated aptitude and interest, ete.”’ (Uni- 
versity of Kansas). Special sections in the other three 
major fields are very rare. 
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Physical Chemistry. Considerable agreement is evi- 
dent among the various institutions regarding the course 
offerings in physical chemistry and quantitative and 
qualitative analysis. In physical chemistry two courses 
are offered by many institutions. These differ only in 
the amount of mathematical preparation which is re- 
quired. “Nonmathematical’’ physical chemistry is 
largely offered for premedical students. Our experience 
at V.P.I. indicates that such a course can be very suc- 
cessful if a relatively small amount of material is cov- 
ered thoroughly. Outside reading is required of stu- 
dents in this course. The amount and type of outside 
reading is determined by a conference between the stu- 
dent and the instructor. In this manner the student 
may progress as far as he is able and both the junior and 
the graduate student derive maximum benefit from the 
course. A few schools offer an introductory first se- 
mester physical chemistry suitable for many curricula 
followed by one or two semesters of more rigorous treat - 
ment. This avoids the necessity of two entirely sep- 
arate courses. 

Analytical Chemistry. The multiplicity of course 
offerings in quantitative and qualitative analysis is 
often a result of scheduling problems or variations in 
the amount of time spent in the laboratory. The 
differences in subject matter between these courses is 
usually minor. 

Organic Chemistry. The practices in organic chem- 
istry vary with the type of institution. A large ma- 
jority of the state and municipal schools teach two 
courses, whereas 78% of the liberal arts schools offer 
only one course. The comments received from the 
liberal arts colleges indicate that many of them believe 
that one organic course well taught is the most suitable 
course for all the students. On the other hand, the 
state schools encounter a wide variety of students, both 
in background and vocational interest. Most of these 
schools therefore organize special courses for such 
curricula as agriculture, home economics, nursing, 
dentistry, etc. Differences in the specialized organic 
courses also occur in the amount of time a student 
spends in the laboratory. Little justification was 
offered for teaching more than one course in organic 
chemistry except to satisfy the demands of the student’s 
major department. 


GENERAL CHEMISTRY 


The most interesting comments and the most widely 
divergent viewpoints were received in answer to ques- 
tions concerning general chemistry. One way to state 
the problem in general chemistry is to ask: ‘Can or 
should we teach one course, treating all students alike, 
while recognizing their differences?” The most suc- 
cinct statement illustrating the course” viewpoint 
was: 


There is only one kind of chemistry we are interested in: the 
fundamental kind. 


The comment from Penn State was typical of the mod- 
erate viewpoint: 


We try to meet the special needs of special groups as long as 
this can be done with efficient use of our staff and facilities and 
the program makes sense in terms of our subject. We resist, 
however, more divisions than are really necessary. 


O. C. Dermer of Oklahoma A. and M. argues for 
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specialized courses in the following statement: 


We find separate courses good for student and advisor morale 
in the outside departments served. Furthermore the hours of 
credit can be varied at the wish of such departments. We feel 
that a service department should adjust to the varying needs of 
students from different schools, even though the amount of varia- 
tion among parallel courses is not great. 


The comment from Syracuse University is: 


For our own students, and for those who will be making con- 
siderable use of the knowledge and techniques of chemistry, it is 
necessary to give a series of thorough courses in the field. But as 
a service department designed to meet the varied needs of stu- 
dents desiring some background in chemistry for general educa- 
tion, or for specific fields such as nursing, home economics, etc., 
it is necessary to offer courses meeting their specific needs. 


J. C. Warner in his 1956 presidential address to the 
American Chemical Society? summed up one point of 
view when he stated: “It seems clear that the more 
fundamental a student’s education in college, the better 
equipped will he be to master the new science, methods, 
and techniques of his professional field throughout his 
career.” However, many respondents indicated that 
even though they do subscribe to the above statement, 
their practice did not correspond with ideality. One of 
the basic problems which arises is the ability and 
preparation of the students in addition to the in- 
creasingly large enrollments with which we are faced. 
One view of the present situation was: 


We are being faced with an ever increased number of students, 
more and more poorly prepared, demanding chemistry to meet 
certain requirements. We are continually subjected to pressure 
to ‘‘water down’’ content to meet the needs of special groups. . . . 
We do not feel that specialized courses are the answer at the 
undergraduate level to the fact that more and more students are 
not prepared to handle college-level work in science. 


The merits of this statement will not be argued. It 
does seem to be true that many of the requests for 
special courses come from advisors who have poor stu- 
dents. Many department chairmen emphasize the fact 
that specialized courses often are given only because of 
the pressure from other departments and from the ad- 
ministration. 

An often heard criticism of courses in the natural 
sciences is that the development of these courses has 
been directed principally by the interest of the science 
departments in meeting the particular needs of the pre- 
professional student. These students know exactly 
why they are taking the course and the instructor has a 
clearer idea of the educational end in view.* In agree- 
ment with this view several department chairmen 
pointed out that on the freshman level the general 
liberal arts student needs a broader course, more in- 
tegrated with other areas of the curriculum and free 
from some of the specialized terminology and problem 
work which the chemistry majors must master. In- 
terestingly enough, however, other institutions ex- 
pressed the feeling that the above-mentioned type of 
course would also be the best introductory course for the 
chemistry major. 

Some Current Practices. Several schools offer a com- 
mon first semester general chemistry followed by two 
or three types of second semester courses. Many 
schools offer a special “cultural” course. In such a 


2 Warner, J. C., Chem. Eng. News, 34, 4786 (1956). 
3 Ten Hoor, M., J. of Higher Educ., 17, 408 (1946). 


course at Fordham University one semester is spent on 
atomic energy—from the atom to the Oppenheimer ¢::se. 
At V.P.I. we have experimented this past year with our 
freshman course. Several organic and physical ch:m- 
ists in the department were invited to give a lectur: to 
each freshman section. They presented an up-to-cate 
picture of some part of their field of specializat on. 
These lectures were a break in the normal class rout ne. 
were well received by the students, and served to stim- 
ulate their interest. W. A. Mosher outlines the po icy 
followed at the University of Delaware: 


We feel that all students should be held to the same stan lard 
in general chemistry. Our sectioning within the course is to per- 
mit us to use different types of teachers to the best advani age. 
More experienced men with the less qualified students. ... Our 
principal concern about the one course system has been what it 
might do to the chemistry majors. We believe that we have 
solved the problem by sectioning the chemistry majors in a sepa- 
rate laboratory which is entirely different from the usual thing. 
We use our best laboratory instructor and we have spared no 
expense to give this group the finest equipment available. The 
experiments used are quite mature and we ask each student to 
undertake a special laboratory project near the end of the semes- 
ter. This has held the interest and enthusiasm of the group 
which is made to feel that it is something special in the depart- 
ment. 


SUPERIOR STUDENTS 


It is evident from the survey replies that there is a 
growing concern for the superior student. Two schools 
indicated that they were inaugurating a special fast 
course for superior students (majors and nonmajors) 
this fall, some schools indicated that they already had 
such a course, and others stated that they were pres- 
ently considering various plans for handling superior 
students. The comment from Wesleyan University 
illustrates the current philosophy regarding the above- 
average student: 


We expect our future developments will be toward more indi- 
vidual attention for our very best students, with an attempt to 
develop their independence and creativity somewhat more ... 
there are a few students whose abilities and previous training are 
not sufficiently challenged by even a “‘high-powered’’ elementary 
course. The “‘introduction’’ for these students consists largely 
of physical chemical principles, and attempts to use their previous 
training, including that in mathematics.’’ 


SUMMARY 


The following reasons may thus be given favoring a 
reduction in the number of different courses for the same 
subject: 


1) Effort to keep teaching loads of a limited staff at 
a reasonable level. 

2) Desire to avoid courses of parallel content which 
causes difficulty in comparing grades and !ain- 
taining course standards. 

3) The philosophical conviction that a good course, 
fundamental in nature, properly taught. may 
be the best for all the students. 


Reasons in opposition to this are: 


1) Superior students and majors should rveive 
special attention. 

2) Background, preparation, and interest o' the 
student are quite varied. 

3) Relationship of chemistry to the student’s | 1a)0r 
field varies. 
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4) Time student has available for chemistry varies. 
5) Pressure from other departments to offer special 
courses. 


Jt is evident that it is neither wise nor possible to 
suggest one particular course of action. The needs of 
jns'itutions vary and thus their programs must vary. 
Th's survey indicates that there are widely divergent 
opinions and practices in regard to offering special 
courses for special groups. However, there is little 
do bt that we continually need to experiment with new 
meihods of presentation and new subject matter. 


More emphasis needs to be placed on integrating the 
courses within our own curriculum as well as integrating 
them with course offerings in other departments. Co- 
operation between departments on the campus is essen- 
tial in addition to gaining administrative support for a 
vigorous program of courses. 
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A coursz in technical literature, not as a seminar for 
superior students but as a teaching device for all chem- 
istry majors, has a great deal to offer in the undergrad- 
uate curriculum. Such a course has been offered at 
Bradford Durfee College for the past twelve or fifteen 
years, under circumstances which are not unique, so 
that our experience may be of some interest to others.” 
Because our library is quite limited, the course has 
been based largely on journals of which a fairly ex- 
tensive, wide-ranging file could be built up quickly at 
minimum cost: Chemical and Engineering News, the 
JouRNAL OF CHEMICAL Epucation, the Scientific 
American, and a few others. Originally this limitation 
of source material appeared to be a crippling diffi- 
culty; but it has turned out to be an advantage: 
highly technical material, specialized and immediate, 
about investigations still in progress, does not, by itself, 
doa good enough job for most students. More realistic 
and accurate insight into the nature of research and 
other scientific activities comes from literature with a 
measure of built-in perspective: reviews or interpre- 
tations in which the individual items have already un- 
dergone some evaluation and editorial arrangement, or 
reports of research done long enough ago so that the 
work can be viewed as a whole and some of its implica- 
tions and consequences perceived. Articles of this type 
are found in abundance in the journals mentioned. We 
have supplemented them with a relatively small pro- 
portion of the immediate, detailed material customary 


‘Presented as a part of the Symposium on New Ideas in the 
Four-\ ear Chemistry Curriculum before the Division of Chemical 
Educa‘ ion at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 

*I wish to acknowledge my indebtedness to Mr. L. B. Coombs, 
origina‘ or of this course, and Dr. Elizabeth Adams, our colleague 
lor one semester in 1949, who clearly recognized its value. 
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* TECHNICAL LITERATURE IN THE 
UNDERGRADUATE CURRICULUM’ 


JAMES WATTERS 


Bradford Durfee College of Technology, 
Fall River, Massachusetts 


in seminars. It should be emphasized that this course 
does not replace, but rather complements, a seminar. 

The course in technical literature is open to seniors; 
it meets twice a week, fifty minutes a session, during two 
semesters, and carries one hour credit per semester. 
The work of the class consists almost entirely of oral 
reports, by students, on material assigned by the in- 
structor. Assignments have to be such that oral pre- 
sentation is possible, to good advantage, to the audience 
at hand. The effectiveness depends on both speaker 
and audience; but some subjects are too complex or too 
abstruse to be grasped immediately in this way even if 
one is taking notes. Both the skill of the speaker and 
the comprehension of the audience increase as the year 
progresses, so we start with relatively simple material 
and proceed to the more difficult. With the usual 
group (eight or ten at most) two reports a week work 
out well; there is even a little time for questions. For 
larger groups, more meetings or shorter reports (or a 
different system altogether) would be necessary. 

The first function of any course in technical literature 
must be to introduce the student to some of the litera- 
ture sources available to him. The course can also in- 
form him of new developments— industrial, economic, or 
theoretical—and the current state of old ones. A re- 
lated purpose is to help him fill in gaps in his fund of 
basic general information, such as the descriptive matter 
of inorganic chemistry. For this, textbooks are often 
better than periodicals. 

Another related purpose is to re-expose students to 
important concepts—for example, the basic mechansims 
of organic chemistry, ionic and radical. It is sur- 
prising but true that many who seemed earlier to have a 
sound perception of these ideas find them quite novel on 
a fresh encounter in the words of another student. 


’ 


The oral reports provide valuable practice in public 
speaking. Such practice may seem _ superfluous; 
speech instruction is common enough nowadays. But 
direct instruction in this sort of skill is likely to be too 
formal and rather artificial. Unstimulated by the 
occasion, the student usually has nothing of his own to 
say. In the technical literature course he often finds 
real interest in what has to be said, and so has a gen- 
uine opportunity to say it well. The critical comments 
and questions of the student audience (only partially 
inhibited by the instructor’s presence) are effective, 
though relatively gentle, initiation in the rigors of 
speech making. 

The instructor benefits in increased knowledge of his 
students. In some of them (often the slower ones) the 
broad stimulus of preparing reports on previously un- 
known subjects exposes an enormous capacity to assim- 
ilate and organize new information. The intellectual 
maturity thus revealed might otherwise have gone un- 
detected; but with it they are clearly fit for oppor- 
tunities which might have seemed too demanding. 
Since recognizing his students’ potentialities and assist- 
ing their realization is the essence of a teacher’s pro- 
fessional function, this knowledge is invaluable. 

A course of this sort automatically utilizes the teach- 
ing ability of the students involved (no mean asset, 
because sometimes they possess a great deal). Being 
students, they know what the real difficulties are; also, 
other students tend to find their approach to familiar 
problems more palatable than what the old maestros 


dish up. They can speak and be questioned informal’ y, 
even rudely, in student idiom; and they won’t be 
turned loose till they give satisfactory answers. Finally, 
they have the advantage of being new at the busine.s, 
The syntheses and explanations they find may heve 
eluded regular instructors not because they were \in- 


- known, but because familiarity robbed them of ‘he 


novelty which would have sharpened their meaning aiid 
made them worth imparting. 

If such a course in technical literature is more liter: ry 
than technical, it is all the more valuable. Perhap- it 
would not be, in a liberal arts context; but in a techni:al 
college like Bradford Durfee, nothing else could quite 
take its place. 


The following short list is meant merely to indicate 
the type of reference material which can be used to 
advantage: 

(1) Danten, M. A., Ind. Eng. Chem., 31, 839-47 (1939). 

(2) Mark, H. F., Chem. Eng. News, 27, 138-42 (1949). 

(3) MarscuNer, Ropert F., Chem. Eng. News, 33, 44-6 
(1955). 

(4) Reynotps, W. B., Am. Dyestuff Reptr., 32, 455-6, 465-7 
(1943). 

(5) Rosin, Ricwarp O., Jr., Chem. Eng. News, 27, 3624-9 
(1949). 

(6) Sampey, JouN R., Jr., J. Am. Chem. Soc., 52, 88-92 (1930). 

(7) Seruna, S. M., Chem. Revs., 49, 91-101 (1951). 

(8) Stewart, L. C., Ind. Eng. Chem., 26, 361-9 (1934). 

(9) WacGaMAN, H., anp Epwin A. Greg, Chem. Eng. 
News, 26, 377-81 (1948). 

(10) Wurrmorg, F. C., Chem. Eng. News, 26, 668-74 (1948). 


A CONVENIENT CALORIMETER HEATER FOR CORROSIVE 


NONAQUEOUS SOLUTIONS 


IN THE course of our investigations on the 
bichloride ion! it was found necessary to 
devise a calorimeter heater which was 
inert to nitrobenzene solutions of hydro- 
gen chloride at room temperature. 

The literature is rich in examples of 
calorimeter heaters which are inert either 
to corrosive aqueous solutions? or non- 
corrosive, nonaqueous solutions’, but no 
example could be found that was suitable 
for our purpose. | 

An inexpensive heater with a low time 
lag was devised which consisted of a 
threaded Teflon cylinder (F) on which 
was wound approximately seven ohms of 
No. 26 gauge, B + S, bare Manganin wire 
(G). This was surrounded by a thin 
cylindrical sheath of anodized aluminum 


N. L. ZUTTY and H. F. HERBRANDSON 
Rensselaer Polytechnic Institute, Troy, New York 


(EZ) which, in turn, screwed (D) into a hollow Teflon 
cylinder (A). Through this hollow cylinder went the 
current and potential leads (B) which were soldered 
to the heating wire (C). To insure a low lag the inner 
cylinder was fitted tightly into the aluminum sheath. 

Using this heater in a calorimeter designed after 
Brown’ temperature changes of 0.03° corresponding 
to a AH of 4 keal./mole—! could be measured (0 a 
precision of 3%. 


1 HERBRANDSON, H. F., R. T. Dickerson, AND J. WEIN=TEI, 
J. Am. Chem. Soc., 76, 4046 (1954). 

DaniELs, F., J. H. Matuews, J. W. WILLIAMS, AND 
“Experimental Physical Chemistry,” znd ed., MeGre-Hill 
Book Co., Inc., New York, 1949, p. 548. 

* Brown, H. C., anv R. N. Horowrrz, J. Am. Chem. So-., 7%; 
1730 (1955). 
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Proceedings of the 


PERSONAL ITEMS 


The new vice-chancellor of U.C.L.A. is William G. 
Young, a chemist whose attainments over the years 
have become world renowned. It is another step up- 
ward, following his positions of chairman of the chem- 
istry department and dean of physical sciences. This 
position could not be filled by a man better qualified 
to understand the peculiar nature of U.C.L.A.’s rise to 
academic stature alongside her sister institution at 
Berkeley. When Bill Young began his teaching as an 
instructor at U.C.L.A. in 1931, there was no graduate 
work offered. His ability to teach soon became the 
talk of chemistry students on the campus. This vig- 
orous Caltech graduate immediately brought stimu- 
lating ideas of atomic and electronic structure into the 
classroom, and he was liked for his ease of explanation 
without resort to sensational clutter. His ability to 
teach was soon matched by his drive to establish a re- 
search program on the graduate level in the intriguing 
fields of stereoisomerism and molecular rearrangements. 
This persistent drive encountered many severe ob- 
stacles but soon met with success. One.of his first re- 
search students was Saul Winstein, whose name later 
became synonymous with Young in the field of physical 
organic chemistry. Bill Young found time to meet with 
student body officers in council meetings, and his office 
was always open for visits with former students. His 
direct association with U.C.L.A., just after the transi- 
tion period from a southern branch of the university on 
Vermont Avenue to a huge state university in West- 
wood, nearly coincided with the tenure of the univer- 
sity’s most dynamic president, Robert Gordon Sproul. 
Development of the graduate school was profoundly 
enhanced by the pace set in chemistry. Bill Young’s 
cordiality and progressively realized understanding of 
the southern California community have made him in- 
dispensable in helping to establish policies for this Los 
Angeles institution on the administrative level. If his 
efforts do not become “colossal,” nearby Hollywood 
will have developed a stronger term. 

It is a pleasure to know that James B. Ramsey has 
become chairman of the chemistry department at 
U.C.L.A. The real backbone of undergraduate train- 
ing has always resided, without a shadow of a doubt, in 
the rigorous physical chemistry course he taught with 
such superb excellence, precision and meticulous detail 
ina way that demanded the maximum amount of indi- 
vidual effort on the part of students. ‘‘Noyes and Sher- 
rill” xnd “justify briefly” were words that always com- 
manded respect as none others in the course work of 
this chemistry department. 

A number of California chemists were elected fellows 
of the New York Academy of Science. These were 
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PERSONALITIES AND TRENDS 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


Emmett L. Durrum of Stanford Medical School, Heinz 
L. Fraenkel-Conrat of the University of California, 
Wendell Griffith of the U.C. Medical Center, Arie F. 
Haagen-Smit of Caltech, Robert F. Kallman of Stan- 
ford Medical School, Norman Kharasch of the Uni- 
versity of Southern California, E. M. Mrak of the 
University of California, and John D. Roberts of Cal- 
tech. 

On special leave from U.S.C. is James B. Warf, to 
teach at the University of Indonesia (Djakarta). 
Harold L. Friedman of U.S.C. is on sabbatical leave as a 
Guggenheim fellow at the Free University of Brussels, 
where he is studying the thermodynamic properties 
of solutions in nonaqueous solvents. The new chair- 
man of the chemistry department at U.S.C. is Ronald 
F. Brown, while Charles 8. Copeland, former chair- 
man, has taken on new duties as director of the lab- 
oratories. 

Greenville College in Illinois had as a visiting chem- 
ist L. Reed Brantley of Occidental College, supported 
by the National Science Foundation and the Division 
of Chemical Education of the A.C.S. The District 
counselor for the Pacific Southwest area of Alph Chi 
Sigma is John McAnally of Occidental College. Frank 
Lambert is on leave of absence from Occidental College 
doing research under the National Science Foundation. 
Walter Noll was the recipient of a Los Angeles Paint 
and Varnish Production Club fellowship at Occidental 
College. A paper on Titration of Iron was presented 
by John Dunham of Occidental College at the New 
York meeting of the A.C.S. 

A Research Corporation grant was made to William 
Maroney and Arthur Furst to study the mechanism of 
hydrazine reactions at the University of San Francisco. 
Robert Seiwald returned to his alma mater, U.S.F., to 
teach organic chemistry after three years on the staff 
of Kansas University. He spoke before the department 
of pharmacology of Stanford recently on fluorescent 
antibody techniques. 

C. Robert Hurley of Sacramento State College re- 
ceived a grant from the Research Corporation for a 
study of ruthenium in aqueous solutions. This will be 
spent for equipment and student help. He also 
attended the Institute for College Chemistry Teachers 
at the University of North Carolina last summer. 
Last spring, Sacramento State College was host to the 
local A.C.S. annual ‘“Meeting-in-Miniature.”’ Hal 
Draper is on sabbatical leave this spring semester, while 
working on several publications including a general 
chemistry laboratory manual. 

At Fresno State College, David Clark has been 
appointed assistant to Dean Dallas Tueller on a half- 
time basis, while retaining a half teaching load in the 
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chemistry department. George Kauffman received a 
Research Corporation grant to study the separation of 
cis, trans isomers of coordination complexes with plat- 
inum. He has Dwaine Cowan and Louis Dee working 
with him on scholarships in these molecular sieve 
separations. Both Ennis Womack, chairman of the de- 
partment, and Robert Kallo are serving as members of 
the executive committee of the California section of the 
A.C.8S. Robert Kallo is president of the Fresno sub- 
section of the California section. After a sabbatical 
leave for work at the Sloan-Kettering Institute in New 
York City, Warren Biggerstaff has returned with many 
new research ideas that are being put to good use, with 
an expanded program in view. Gordon Shuck was 
added to the chemistry staff, after having taught a num- 
ber of years at the University of Montana. 


On October 5 the Southern Section of the PSACT 
met at U.S.C. Gladys A. Emerson, chairman of the 
home economics department at U.C.L.A., spoke on the 
topic, “Some Aspects of Human Nutrition.” She was 
formerly at Merck and Company and was a one-time 
Garvan Award Medalist. The subject ‘Technical 
Education and Development in India” was presented 
by Robert D. Vold of U.S.C. He just returned from a 
two-year stay at the Institute of Science in Bangalore, 
India. 

At Sacramento State College, on October 26, the 
Northern Section of the PSACT met. Robert Rice, 
chairman of the excellent science department of the 
Berkeley High School, presented the topic, ‘Fellow- 
ships, Scholarships and Other Grants-in-Aid Available 
to Teachers.”” A panel discussion followed on ‘‘Scholar- 
ships as an Effective Way of Improving Science Teach- 
ing.” Breen Ratterman, N.S.F. Biology Fellow at 
Pomona College, Robert Hurley, N.S.F. Chemistry 
Fellow at the University of North Carolina, William 
Wash, N.S.F. Chemistry Fellow at Montana State 
College, and Gerald Thomas, new chairman of the 
Division of Natural Sciences at San Francisco State 
College, gave a lively and timely presentation of this 
new phase of summer improvement in teaching. 

A second panel discussion on “Little Researches in 
Undergraduate Chemistry” had elements of humor and 
great potential as a stimulant in maintaining the interest 
of inquisitive chemistry students. Serving on this 
panel were James Cason of U.C., George S. Parks of 
Stanford, H. Courtney Benedict of Chico State College 
and Warren Biggerstaff of Fresno State College. 

Santa Monica City College was host to the Southern 
Section of the PSACT on December 14.: The topic for 
the panel discussion was ‘The Problem of Interesting 
and Motivating Students in Chemistry.” Panel mem- 
bers were Dr. Whittaker of the newly formed Harvey 
Mudd College, Melvin Greenstadt, Instructor in Science 
and Mathematics at Fairfax High School, and Hans S. 
Schleicher, Manager at the Paramount Plant of Mon- 
santo Chemical Company. The discussion leader was 
Anton Burg of U.S.C. It was pointed out that much of 
the difficulty comes from the training before the sec- 
ondary schools are reached. It was suggested that 
grouping superior students separately might serve to 
motivate them. The significant conclusion was that 
there must be special training for the gifted. 


Immaculate Heart College had a panel discussion on 
“The Woman Chemist: Achievements and Oppor- 
tunities” for the benefit of high school teachers and their 
students on January 12, 1958. Christine Koneciy, 
consultant for U.S. Testing Company, served as mid- 
erator. Other panel members included Mary Holland 


.of Lockheed Aircraft Corporation, June McMillan of 


Immaculate Heart College, Lillian Randall of Ranc al] 
Medical Laboratory, Marie Scully, formerly of Metal 
Control Laboratories, Frances Volz, food chemist of 
Knudsen Creamery Company, and Elizabeth Walkoy, 


‘research librarian of Consolidated Electrodynan ics 


Corporation. Each panelist spoke on the nature, prep- 
aration, and requirements for her particular field. Ata 
tea, after the panel discussion, students were able to 
meet these women personally. 

A Southern Section PSACT meeting at Pepperdine 
College was held on February 8, dealing with the sub- 
ject, “Summer Opportunities for the Teacher of Chem- 
istry in Industry, Research, Institutes and Workshops.” 
Charles 8. Copeland of U.S.C., Paul 8. Farrington of 
U.C.L.A., and David E. Randolph of the Los Angeles 
City Board of Education were the speakers. 


HEART ASSOCIATION GRANTS 
FOR STUDENT RESEARCH 


A long range program of research, both fundamental 
and practical, is underway through grants offered by 
various divisions of the Heart Association on the local, 
state, and national levels. Considerable attention is 
being given to problems in chemistry. Chairman of the 
California Heart Association Research Committee is 
Dr. John J. Sampson, while Phyllis Hecker is the very 
capable program consultant, with a chemistry degree 
from Barnard College and graduate work in Public 
Health at U.C. Robert Maybury of the chemistry 
faculty of the University of Redlands heads the new and 
very helpful student research sub-committee, with a clear 
understanding of flexibility of needs, particularly where 
research in chemistry is involved. Last summer a num- 
ber of competent students were given fellowships that 
paid for living expenses, while carrying out research 
under the direction of certain faculty members. At 
U.C.L.A., Robert T. Rubin, Janet Martinella, John 
Sjaarda, Russell Erickson, Ronald Baskin, and William 
Shapiro worked under the sponsorship of Blaine H. 
Levedahl and Francis L. Scott; at Stanford, Allan Nies 
and Peter Mansfield worked with Albert V. Baez as 
their sponsor. 

For the regular school session, several grants made 
possible the securing of equipment and other essentials 
for undergraduate research. These awards were pl:ced 
on a competitive basis by means of a special brochure 
sent to colleges and universities throughout the siate. 
Recipients, who worked with respective sponsors, were: 
George Bless under John S. McAnally at Occidental 
College; Allan Brackensiek under Richard S. W elsh 
at the University of Redlands; John Burr wider 
Eugene R. Volz at Sacramento Junior College; M:rvin 
Kientz under John L. Abernethy at Fresno State Col- 
lege; and Seiichi Yasumura under John MeMenam:1 at 
Occidental College. 


_..Amexample of aid that can be given on the local ‘evel 


is afforded in work being tried in Fresno County. The 
president of the Fresno County Heart Associatic | 
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Dr. J. Maleom Masten, while the executive director is 
Mrs. Joyce Richardson. Dr. Robert D. Beech is chair- 
man of the research committee. The remaining mem- 
bers of the executive committee are Mr. Robert E. 
Zerk and Dr. Clell Gray. This year they are support- 
ing. for the first time, student research at Fresno State 
College under the direction of John L. Abernethy, 
where Marvin Kientz received a scholarship in con- 
nection with the use of the enzyme papain in building 
amide-like units. This is an extension of the well- 
known studies of Heinz Fraenkel-Conrat, instigated a 
nuinber of years ago at the Rockefeller Institute for 
Medical Research. Announcement of these awards 
was made by a TV program during which Marvin 
Kientz used a papaya fruit in a demonstration of the 
isolition and mode of action of the enzyme papain. 
The significance of this fruit enzyme was explained to be 
not remote from animal enzymes because they carry 
out similar functions. Heart muscle is 95% protein 
and requires growth, replacement, and repair. Papain 
can break down and synthesize proteins and protein- 
like substances, actually in relation to very definite 
compounds and their specific structural and con- 
figurational features. A vigorous student research 
group, working on various phases of this synthetic 
work, has included Jerome Blank, Brother Myron Col- 
lins, John Nakamura, Marvin Kientz, Ronald Johnson, 
Rodney Johnson, Dennis Karle, Calvin Johnson, and 
Warren Kilday. Students in chemistry at colleges and 
universities in California will be grateful to the affiliated 


Heart Associations for a continuation of their interest 
in promoting research of this sort in the future. 


OUR FAR WESTERN BOUNDARY: HAWAII 


The PSACT Editor was in Hawaii during the 
Christmas holidays and visited the University of Ha- 
waii. Jack Naughton, Chairman of the Chemistry De- 
partment conducted a tour of the laboratories and ex- 
plained some of his own work on analyses of volcanic 
gases. Graduate students were working on projects 
ranging from boron compounds to natural products na- 
tive to Hawaii. A special accelerated course is taught 
in general chemistry for about 25 screened students, 
mostly prospective chemistry majors. Paul Scheuer, 
who had just returned from a sabbatical leave at Harv- 
ard and Brandeis Universities, explained his current 
research with native plant materials, including hetero- 
cyclic substances, some with a linear joining of fused 
rings and others containing lactone rings. Ralph Hein- 
icke of the Dole Hawaiian Pineapple Company and 
Willis A. Gortner of the Pineapple Research Institute, 
located at the University of Hawaii, have been studying 
the new enzyme bromelain, now under pilot plant pro- 
duction and isolated from stems of the pineapple plant. 
Norris Rakestraw, former Editor of TH1s JoURNAL, spent 
the spring semester of 1957 as one of the Carnegie visit- 
ing professors at the University of Hawaii. 

JoHN Leo ABERNETHY 
Editor of PSACT Proceedings 


FreEsNo StaTE CoLLEGE 
FRESNO, CALIFORNIA 


CHEMISTRY ??! 


As I sit here trying to put on paper my thoughts and conclusions 
concerning the experiments and demonstrations that we have re- 
cently completed in our chemistry class, all kinds of thoughts and 
ideas seem to rush past before I can even begin to collect them. 
It may be, for example, that one idea centers around a specific 
aspect of the oxidation-reduction reaction. And, as I try to de- 
velop these thoughts and ideas, I suddenly find myself off on an- 
other tangent or direction of thinking. At first, one might call 
this type of thinking “going around in circles’; but, actually, I 
think that it was from these very thoughts, provoked by our own 
class demonstrations, that I got my first “real’’ glimpse of this 
ever-changing world of chemistry as a whole and the vast area it 
can enfold. Electricity is chemistry, reaction is chemistry, en- 
ergy is chemistry, heat is chemistry; and just what is chemistry? 
Probably the best way to answer this question is to tell what 
chemistry is not; since, as far as I can imagine, it seems to be 
everywhere and anywhere at the same time. Maybe someone 
could give what is usually referred to as a concrete definition, for 
chemistry. The encylopedia calls it the “science of nature and 
the composition of matter and the changes it undergoes.” Our 
textbook says that “chemistry is concerned with the substances in 
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the world about us.’”’ I probably am the last one who would call 
these definitions no good at all; especially, since I am not qualified 
to criticize persons whose knowledge of chemistry far exceeds 
that of a high school student. But only a short time ago, I would 
have been one of the first to say that definitions of this sort are 
pretty ‘concrete.’ However, there now seems to be so much 
left covered over. For in asking “what is chemistry?’’, you si- 
multaneously ask where is it, what was it, and what will our chem- 
ical outlouk be one year or one hundred years from now? I guess 
these are questions man has been trying to answer ever since he 
first felt the warmth of fire. Chemistry’s world was changing be- 
fore man ever discovered it; it is changing now, and will probably 
continue to change. Man has opened the door to chemistry’s 
bashful world. I’m still peeking through the keyhole. 


Larry Cox 


1 This essay was written in response to an assignment in the 
chemistry class taught by Jacosp SKILKEN at the Walnut Hills 
High School, Cincinnati 7, Ohio. The Editor will welcome 
readers’ comments on its appearance in these pages. 


Tue peaceful applications of nuclear energy hold 
great promise for mankind. Chemists, beginning with 
the discovery of radioactivity by Becquerel in 1896, 
have been playing an important role in the development 
of methods for the maximum utilization of nuclear 
energy for peaceful purposes. The role of chemists will 
continue to be promotion in the following four cate- 
gories: tracer chemistry, nuclear chemistry, radiation 
chemistry, and the development of nuclear power. 


TRACER CHEMISTRY 


The utilization of nuclear energy on a micro-micro or 
tracer scale is reasonably familiar to almost everyone. 
Since radioactive tracers are capable of extreme sensi- 
tivity and specificity, when used properly, they are 
ideally suited as tools for solving all sorts of chemical 
problems. With respect to sensitivity, for example, as 
little as 10~-'* gram of some elements, e.g., phosphorus 
as P*, can be detected. By sending out signals of 
nuclear radiation the labeled atoms reveal where they 
are and how many are present. Their behavior in a 
chemical process is representative of that of all the other 
atoms of the same element which are in the equivalent 
chemical form. Radioisotopes can often be used to ad- 
vantage for the analysis of materials in a flowing system 
where sampling is difficult, in systems where conven- 
tional methods of analysis are unattractive for vari- 
ous reasons, and in systems where the total quantity 
of material involved is extremely small. A few typical 
examples of specific applications within several of the 
branches of chemistry are given in Table 1. 


NUCLEAR CHEMISTRY 


The field of nuclear chemistry includes the prepara- 
tion, identification, and characterization of nuclear 
materials. Such materials may be either stable or radio- 
active. Illustrative of stable isotope chemistry is the 
separation of the isotopes of an element such as hydro- 
gen, carbon, or nitrogen by chemical exchange reactions. 
Deuterium in the form of heavy water is an important 
neutron moderator for nuclear reactors. Deuterium is 
also of interest as a fuel which can be “burned” in a 
nuclear fusion reaction. 


1 Presented at the Nineteenth Summer Conference of the New 
England Association of Chemistry Teachers, Colby College, 
Waterville, Maine, August 23, 1957. 


* THE ROLE OF CHEMISTRY IN THE 
UTILIZATION OF NUCLEAR ENERGY’ 


HERBERT M. CLARK 
Rensselaer Polytechnic Institute, Troy, New York 


TABLE 1 
Examples of Tracer Applications of Radioisotopes 
Field of 
chemistry Application 

Agricultural Determination of uptake by plants of elements 

such as phosphorus contained in fertilizer (1 
Determination of uptake by plants of poisonous 

fungicides, insecticides, and herbicides (2) 

Analytical Isotope dilution analysis of mixtures of sub- 
stances very difficult to separate (3) 

Radioactivation analysis of elements at trace 

concentrations (4) 

Biochemistry Study of protein metabolism in animals by 
means of C" labeled glycine (2) 

Inorganic Study of complex ions of an element by isotope 
exchange reactions (4) 

Organic Study of the mechanisms and rates of reactions, 
e.g., photosyntheses, by use of S*, 
ete. (2) 

Physical Measurement of vapor pressure of materials 0! 


low volatility (2) 

Measurement of rates of diffusion of ions in 
aqueous solution or self-diffusion in metals 
(6). 


That aspect of nuclear chemistry which includes sep- 
aration of radionuclides from irradiated material, 
followed by purification and conversion to various 
chemical forms for special application, is generally re- 
ferred to as radiochemisiry. Radiochemistry may be 
considered as a blend of analytical and inorganic 
chemistry with a certain distinctive flavor that may be 
attributed to radioactivity. There are at least four 
ways in which the latter is apparent. Firstly, special 
handling procedures are generally required because of 
the radiation emitted. The extent to which special 
techniques are required is determined by a combin.ition 
of factors such as the amount of material, nature of its 
radiation, and its biological hazard. Secondly, time is 
often an abnormally important parameter. Thus, for 
very short-lived radionuclides, conventional chemical 
methods may be too slow. Special procedures dvvised 
to solve a radiochemical problem may, of course. find 
application in the solution of conventional chemical 
problems where a reduction in time can be importa for 
economic reasons. Thirdly, the concept of cheinical 
purity and that of radiochemical purity are no! the 
same. Material containing a few tenths of a per cent 0! 
a chemical contaminant may correspond to a very il- 
pure material radiochemically. Lastly, the instru: ents 
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of determination, are Geiger counters, scintillation 
counters, ete., instead of burets, balances, spectropho- 
tometers, etc., although these standard instruments may 
be involved along the way. It is to the credit of chem- 
ists that they have made important contributions to the 
design and standardization of nuclear radiation detec- 
tio. devices. 

A field which should be mentioned and which may, 
not without some controversy, be listed under nuclear 
chemistry is called hot-atom chemistry. It refers to the 
chemistry of reactions of atoms having kinetic energy 
far in excess of that corresponding to the environment 
temperature. Such “hot” atoms can be ejected from 
molecules by recoil following a nuclear transformation. 
One application of hot-atom chemistry is in the syn- 
the-is of labeled compounds (7). 


RADIATION CHEMISTRY 


Radiation chemistry refers to the study of chemical 
effects produced when materials are irradiated with 
various types of radiations such as electrons, alpha 
particles, neutrons, and high energy photons. The 
field, allied to photochemistry in many ways, has been 
recognized for many years. Lind (8) in his classic 
ACS. monograph refers to research conducted over 
fifty years ago. Interest in radiation chemistry has in- 
creased in recent years with the availability of accelera- 
tors, nuclear reactors, cobalt-60, and fission products. 

Through the study of the mechanisms of interaction 
of nuclear radiation with chemical substances it is hoped 
that methods will be found to prepare chemical systems 
with improved resistance to radiation damage. As a 
specific example, it has been found that aromatic com- 
pounds are more resistant to radiation damage than 
aliphatic compounds. This information is important 
to chemists interested in the problems which arise from 
the decomposition of organic compounds in intense 
radiation fields (9). Thus in nuclear reactors the radia- 
tion decomposition of organic compounds limits their 
usefulness as insulation on wire, lubricants, and heat 
transfer media. For biological systems, protection of 
radiation-sensitive substances by the addition of a more 
radiation-sensitive substance is a possibility. 

There are many challenging chemical problems as- 
sociated with the utilization of intense fields of radiation 
to sterilize or pasteurize foods and drugs. Undesirable 
changes in taste, color, and nutritional value are also 
produced during the irradiation. These changes are 
chemical in nature and are difficult to investigate be- 
cause they involve complex compounds at very low con- 
centrations. 

Radiation induced chemical reactions which may be 
of industrial potential are receiving increased attention. 
In general, these are reactions which are catalyzed by 
free radicals. A few examples are (1) polymerization of 
monomers without the addition of a chemical catalyst, 
(2) modification of polymeric material such as poly- 
ethylene to improve its mechanical and physical proper- 
ties, (3) chlorination of benzene to produce benzene 
hexachloride, and (4) fixation of nitrogen. The last ex- 
ample represents an interesting way to obtain direct 
‘onversion of fission energy into chemical energy (10). 
With respect to the economic outlook for industrial 
applications, there is an obvious need for cheaper 
sources of radiation. 
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CHEMISTRY AND NUCLEAR POWER 


The chemist, working with his colleagues in the other 
sciences and in engineering, is participating in the de- 
velopment of nuclear power in a variety of ways. Two 
of these are in connection with nuclear reactor fuels. 
Both the preparation of fissionable and fertile materials 
from uranium- and thorium-bearing ores and after 
irradiation the chemical processing of these valuable 
materials to separate them from diluents, fission prod- 
ucts, and synthesized fissionable materials, e.g., U** and 
Pu?**, are sources of difficult chemical problems. Sep- 
aration processes such as solvent extraction, precipita- 
tion, and ion exchange are used for both (//, /2). 
Unique problems requiring special methods and tech- 
niques in analytical chemistry are encountered in this 
work. Because of the intense radiation associated with 
spent reactor fuels, the separation processes and asso- 
ciated analyses are carried out remotely behind thick 
shielding (13). Special techniques requiring the use of 
glove-boxes are necessary whenever plutonium is pres- 
ent because of its extreme health hazard. With tongue 
in cheek, one is tempted to wonder if the shielded 
laboratory hot-cells in which all the operations of trans- 
fer, filtration, separation of phases, heating, cooling, 
evaporation, drying, weighing, etc., can be carried out 
remotely are harbingers of things to come for the college 
freshman chemistry laboratory. 

Chemists are continually striving to find better and 
cheaper methods for processing both raw materials and 
irradiated reactor fuel since the cost of nuclear power 
depends strongly on these processing costs. Thus, new 
pyrochemical and pyrometallurgical processes are being 
investigated. In some of these high-temperature 
processes chemical separation is achieved by thermo- 
dynamically predictable reactions involving solid oxides 
or fused salts (14, 15). Such processes have a high- 
temperature container problem superimposed on the 
shielding problem. 

As mentioned previously the use of organic materials 
in nuclear reactors is limited by radiation decomposi- 
tion. Radiation decomposition of water may also create 
a serious problem in water-cooled, water-moderated 
reactors. In an intense field of nuclear radiation, water 
is partially decomposed into hydrogen, oxygen, and 
hydrogen peroxide. Safe operation of the reactor 
necessitates recombination of the explosive mixture of 
gases in a controlled manner. As a further complica- 
tion, it has been observed that the corrosion of metals 
by water at a high temperature and pressure, e.g., 
about 500°F. and 2000 lb./in.?, is accelerated by radia- 
tion (16). Radiation decomposition can also be a prob- 
lem for the chemist concerned with the processing of 
spent nuclear fuels because of adverse effects on the 
selectivity and capacity of organic ion-exchange resins 
and organic solvents (17). 

Nuclear facilities, especially reactor power plants, 
generate radioactive waste. Waste disposal methods 
must be adequate to insure public safety. Storage 
methods used at the present are expensive; hence 
chemical as well as physical methods for concentrating 
and fixing radioactive waste are being sought. It is 
hoped, of course, that large scale uses, perhaps chemical 
in nature, can be found for the fission products. 

The nuclear power development program has led to 
the use of chemical elements and compounds thereof 
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which were chemical curiosities or even unknown a few 
years ago. Moreover, the chemist has often been 
asked to find ways to produce such materials in large 
amounts of a high degree of purity. Examples are 
zirconium, hafnium, the rare-earths, plutonium and 
other transuranics. Occasionally a non-chemist who 
handles some of these materials ignores their basic 
chemistry only to learn about chemical reactivity the 
violent way. 

Lastly, there is a type of nuclear power reactor, 
namely, the aqueous homogeneous reactor (18), which, 
at least from the chemist’s point of view, is a chemical 
nuclear reactor. One of the many possible combinations 
of materials that can be used in such a reactor includes 
a fuel consisting of a solution of uranyl sulfate UO.(SO,) 
dissolved in heavy water contained in an inner vessel 
which is surrounded by another vessel containing a 
fertile material, such as a thorium oxide slurry in heavy 
water. There are, of course, problems associated with 
the corrosion of the container material, e.g., a zirconium 
alloy, and the decomposition of the heavy water. 
Radioactive fission product gases like xenon and kryp- 
ton, are released from the fuel solution and must be re- 
moved. Since xenon is also a highly undesirable neu- 
tron absorber, its removal along with other fission prod- 
ucts by a continuous separation process is among the 
advantages of this type of reactor. 

In summary, the chemical problems encountered in 
the utilization of nuclear fission as a source of power en- 
compass the classical fields of analytical, inorganic, 
organic, and physical chemistry as well as tracer, radia- 
tion, and radiochemistry. 


EDUCATIONAL REQUIREMENTS 


Students majoring in chemistry often inquire about 
special educational requirements needed for the nuclear 
field. Obviously, a firm grasp of the principles of all of 
the conventional divisions of chemistry is essential. 
The chemist will find, however, that the classical 
boundaries that are assumed to separate the branches of 
chemistry and even some which separate allied branches 
of science have very little meaning in the nuclear field. 

As a generalization, a student of chemistry at the 
undergraduate level who is interested in the oppor- 


tunities of the nuclear field and is free to take technic \| 
electives should also be interested in those courses which 
will provide greater than the minimum depth in mathe- 
matics (including probability theory) and physics aid 
in an introductory course in nuclear chemistry. A st.1- 
dent interested in radiochemistry at the graduate le el 


‘should elect, in addition to the normally required «d- 


vanced chemistry courses, courses in nuclear chemist: y, 
nuclear physics, and advanced mathematics. In the 
case of radiation chemistry, an understanding of the 
physics of nuclear radiation and chemical kinetics is in- 
portant. 
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To the Editor: 


Sachtleben’s tree of the scientific descendants of 
Liebig (J. Cuem. Epuc., 35, 78 (1958)) is serious!y in- 
complete. Sir William Ramsay' whose pupil was 
Soddy was himself a pupil of Ostwald. Both Sir /'obert 
Robinson and Sir Norman Haworth were pupils of \\. H. 
Perkin, Jr., who was a pupil of Baeyer. Sir Alex inder 
Todd is a pupil of Sir Robert Robinson. 


A. F. Trotman-DIcKEN=0N 


DEPARTMENT OF CHEMISTRY 
University oF EpinsurGu, ScoTLaANpD 


1 Nobel prize winners in italics. 
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COMPLEXOMETRIC TITRATIONS 


Gerold Schwarzenbach, Professor of 
Chemistry, University of Zurich. Trans- 
lated by Harry Irving, University of Ox- 
ford. Interscience Publishers, Inc., New 
York, 1957. xviii + 132 pp. 41 figs. 
Ttables. 14.5 X 22cm. $3.75. 


OriGINALLY published by Ferdinand 
Enke Verlag, Stuttgart, in 1955 under the 
title Die komplexometrische Titration, the 
German edition of this book received im- 
mediate and widespread acceptance, as 
shown by the fact that the first edition was 
sold out six months after its first appear- 
ance. The present translation was carried 
out in parallel with the preparation of a 
second German edition. 

It would be difficult to find a more em- 
inently qualified original author and trans- 
lator for any research monograph than the 
two distinguished scientists who have con- 
tributed to this volume. Professor 
Schwarzenbach, in 1945, first pointed out 
the exceptional properties of aminopoly- 
carboxylic acids in forming complexes of 
simple composition and great stability 
with a wide variety of metal ions. His 
later discovery, in 1949, of the first metal 
ion indicator, analogous to the familiar 
acid-base indicators for hydrogen ion, laid 
the foundation for the development of this 
important new type of titrimetry. Pro- 
fessor Irving is well known for his exten- 
sive fundamental work on the structures 
and stabilities of chelate complexes, es- 
pecially those involved in precipitation and 
extraction of metals with organic reagents. 

An outstanding feature of this book is 
the logical and systemati¢ treatment of the 
equilibria involved in visual titrations, 
using ethylenediaminetetraacetic acid 
(EDTA) and to a minor extent nitrilotri- 
acetic acid (NTA) as reagents. The 
equilibria include (a) formation of the 
complex between metal ion and reagent, 
(b) effect of pH on the reagent, (c) the 
formation of complexes with secondary 
complexing agents, such as ammonia, (d) 
the formation of complexes between the 
metal ion and indicator ion, and (e) the 
effect of pH on the indicator. The effects 
of pH are logically considered in terms of 
comp: tition between hydrogen ions and 
meta! ions for the reagent or indicator an- 
on. Thus the reciprocals of the usual 
stepwise ionization constants of an acid are 
regarcicd as the formation constants of the 
hydro:en ion “complexes” of the anion. 
The e'‘eet of secondary complexing agents 
is considered in terms of competition be- 
‘ween reagent anion, the indicator, and 
seconc ary complexing agents for the metal 
‘on. |t might appear that such an array 
of equ ‘ibria would be most cumbersome to 
handl. However, with the unifying treat- 
ment ind the simplifying assumptions 
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made possible by the fact that the metal 
ion concentration is generally very low 
(typically of the order of 10-3M), the ti- 
tration curve calculations become quite 
straightforward. 

This volume cannot be regarded as a 
textbook or as a comprehensive book of 
procedures. Yet it can be highly recom- 
mended both for the advanced student and 
the practicing analyst as a valuable guide 
to the principles. 

It is characteristic of this rapidly pro- 
gressing field that a book must be out of 
date in certain respects immediately upon 
publication. Thus, the work of Reilley on 
the use of the mercury-EDTA complex as a 
source for the coulometric generation of 
EDTA is mentioned only in the trans- 
lator’s preface, and his use of the mercury- 
EDTA potentiometric indicator electrode 
is not mentioned at all. Likewise, the re- 
cent literature contains numerous refer- 
ences to new metal ion indicators. 

Very few typographical errors were 
noted, but the quality of the paper is poor. 


H. A. LAITINEN 
University oF ILLINOIS 
Urpana, 


PHYSICO CHEMICAL EXPERIMENTS 


Robert Livingston, Professor of Physi- 
cal Chemistry, University of Minnesota. 
Third edition. The Macmillan Co., New 
York, 1957. xiv + 273 pp. 69 figs. 
ll tables. 14 X 21cm. $4.50 


Tuis is the third edition of a very use- 
ful laboratory manual in physical chem- 
istry. It was first published in 1939 and 
revised in 1948. To undertake a critical 
re-evaluation every nine years indicates 
alertness in a field that is constantly in a 
state of flux as regards its emphases. 

The manual is very well adapted to the 
first year course in liberal arts colleges 
where no graduate department of chem- 
istry is at hand. So often equipment is 
limited in these institutions. Elaborate 
experiments require such extensive re- 
vision that an instructor is encouraged to 
write his own procedures. This manual 
has much to commend it in that enough 
variety of experiments is at hand to 
accommodate any respectable laboratory. 

Two new experiments have been added, 
one on the determination of dipole moment 
and another on the determination of trans- 
ference numbers by the moving boundary 
method. The omission of the classic 
Victor Meyer determination of molecular 
weight will cause some dismay, but the 
author makes a good case for its dismissal, 
even though he retains the equally classic 
but more simple Dumas determination. 

There are several commendable features. 


The first 51 pages deal in excellent detail 
on Measurements, Errors, and Computa- 
tions. A section on Dimensions and 
Approximate Computations is worth not- 
ing. Too often these matters are over- 
looked in a course in physical chemistry. 
The sections on Theory of Errors and Ap- 
plication of Error Theory deserve high 
praise, both for their presentation and for 
the simple fact that they were included. 
The section on Evaluation of the Con- 
stants of Empirical Equations is, to this re- 
viewer, worthy of special mention. All of 
this introductory part of the book sub- 
stantiates the conviction that students 
should know how to handle data, how to 
evaluate, and how to determine its degree 
of respectability. 

Another fine feature of this manual is the 
inclusion in a separate section, but along 
with the experiment, an explanation and 
details of operation of some of the standard 
pieces of equipment found in a physical 
chemistry laboratory. Some of these are 
the Westphal balance, polarimeter, Beck- 
mann differential thermometer, student’s 
potentiometer, colorimeter, spectropho- 
tometer, even a Sprengel pycnometer. 

Another helpful feature is that the au- 
thor is not hesitant in making references to 
more elaborate sources such as Weiss- 
berger, Kolthoff & Sandell, McDougall, 
Moore, and Guggenheim & Prue. Many 
original sources are mentioned in the litera- 
ture as well as other monographs. 

This is an excellent laboratory manual. 
It includes a fine range of 42 experiments 
covering all fields of elementary physical 
chemistry. These are all well set up with 
a concise theoretical introduction, an 
itemized list of apparatus and materials, 
and successive sections on procedure and 
computations. 


8. J. VELLENGA 
Muskincum COLLEGE 
New Concorp, 


MISES AU POINT DE CHIMIE 
ANALYTIQUE PURE ET APPLIQUEE ET 
D’'ANALYSE BROMATOLOGIQUE. 
VOLUME IV 


Edited by J. A. Gautier, Professor of the 
Faculty of Pharmacy of Paris. Masson et 
Cie, Paris, 1956. 212 pp. 21 figs. 
16.5 X 25cm. Paper bound, 2400 fr. 


Tue fourth volume of these progress re- 
ports deals mostly with methods of in- 
terest to the biochemists and the food 
chemists. It should be interesting to 
Americans for the reason that one may ex- 
pect reasonably complete coverage of the 
French literature and possibly of the liter 
ature from Latin countries. 
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J.-E. Courtois (pp.3-33) treats the qual- 
itative identification and quantitative de- 
termination of sugars after separation by 
paper chromatography or percolation 
through columns. Useful micromethods 
are considered. 

P. Jaulmes and J. Hamelle (pp.35-56) 
describe methods for the determination 
of the non-volatile solids in wine. The 
different methods are critically compared, 
and the conclusions to be drawn from the 
findings are discussed. P. Mesnard 
(pp.57-75) writes on the determination 
of the hydroxyl group by acetylation. 
The use of a mixture of acetic anhydride, 
phosphoric acid, and dioxane for the 
acetylation of tertiary alcohols is recom- 
mended. 

P. Navellier (pp.77-114) presents an 
investigation concerning the methods of 
conservation and analysis for samples that 
undergo changes. The reasoning applies 
primarily to the investigation of milk, 
which is the author's field of specialization. 

P. Souchay (pp.115-138) reviews the 
theory of polarography and applications 
of the technique in the fields of medicine, 
toxicology and pharmacy. 

The very imposing final chapter 
(pp.139-209 with 265 references to the 
literature) is written by R. Truhaut. It 
deals with a problem of continuously in- 
creasing practical importance, the appear- 
ance of foreign substances—added _in- 
tentionally or getting there by mishap—in 
food and the biological and analytical as- 
pects of the phenomenon. 


A. A. BENEDETTI-PICHLER 
QUEENS COLLEGE 
Fiusuine, New York 


METHODEN DER ORGANISCHEN 
CHEMIE. BAND XI, TEIL I: 
STICKSTOFFVERBINDUNGEN II, 
HERSTELLUNG VON AMINEN. 


Edited by Eugen Miiller. Fourth edition. 
Georg Thieme Verlag, 1957. Stuttgart, 
lvi + 1224 pp. 4 figs. 18.5 26 cm. 
$48.70. 


ANTISTHENES, overcome by a lasting 
and painfull illness, cried out in his agony, 
“Who will release me from my pains?’ 
Whereupon his friend Diogenes, ap- 
proached the bedside with drawn dagger. 
“Ah, you rascal, I said who will release me 
from my pains, not my life.’’ Although 
this attitude may be condemned by Stoics, 
dolorous organic chemists sympathize with 
Antisthenes. Repeated failures of inade- 
quate synthetic methods may so torture 
chemists that many would think of giving 
over this life and becoming engineers or 
lawyers. However, for some of the pai 
of synthetic organic chemistry, ‘Die 


be a puissant antidote. 

This series is the most exhaustive soure 
of information on synthetic methods avail- 
able to chemists. Unlike Beilstein, this 
work does not describe individual com- 
pounds, but on the contrary considers gen- 
eral methods of synthesis of entire classes 
and illustrates these reactions with selected 
examples. It is for this reason that this 


Methoden der Organischen Chemie”’ 


reference work is of the greatest value in re- 
search, 

This volume deals with the preparation 
of amines. The first section (15 pp.) de- 
scribes reactions used for the direct intro- 
duction of the amine radical. The second 
division (238 pp.) discusses in detail those 
transformations in which halogens, hy- 
droxyls, carboxyls, nitro, sulfonic acids, 
and amino radicals may be replaced by the 
amino group. Part III (74 pp.) is a treat- 
ment of the reactions in which amines are 
produced by the addition of ammonia or 
amines to a great variety of unsaturated 
structures. Section IV (390 pp.) sum- 
marizes those reactions in which amines 
are formed by reduction of twenty-two 
types of nitrogen containing stuctures with 
a variety of reducing agents. Division 
V (66 pp.) is an exposition of the methods 
for the synthesis of amines through con- 
densation reactions. Part VI (21 pp.) isa 
review of the preparation of amines 
through  organo-metallic compounds. 
Section VII (100 pp.) is a Critique of the 
methods of forming amines through rear- 
rangements of the type in which groups 
shift from nitrogen to the aromatic ring or 
of the Hofman, Curtius, Schmidt, Beck- 
man, Stevens, Sommelet, Chapman, 
Smiles, and Amadori reactions. 

The remaining portion of this volume 
deals with supplementary aspects of amine 
chemistry. Chapter VIII (68 pp.) dis- 
cusses the formation of amines by the split- 
ting of certain derivatives through hy- 
drolysis, reduction, alcoholysis, dealky- 
lation, oxidation, decarboxylation, phos- 
phorous pentachloride, ete. Whereas 
Part IX (11 pp.) describes special methods 
of synthesis: alkylation with olefins, cycli- 
zation, from azides and 6 oxo-amines, etc. 
Section X (21 pp.) is a consideration of the 
preparation of amines from other amines 
through retention of the amine structure 
by protective reactions for that group. 
Chapter XI (8 pp.) deals with the prob- 
lems of separating mixtures of primary, 
secondary, and tertiary amines by physi- 
cal and chemical techniques. The last 
section, Part XII (5 pp.), is a summary of 
the properties of ammonia and methods 
for handling it in the laboratory. 

Some idea of the comprehensive nature 
of this work may be gained from the know]l- 
edge that the author index contains about 
11,000 entries and the compound index 
lists over 6000 substances. This work is a 
significant contribution to the literature of 
organic chemistry. It should grace the 
shelves of every research laboratory. 


GEORGE HOLMES RICHTER 


“Tue Rice Institute 


Houston, Texas 


DANGEROUS PROPERTIES OF 
INDUSTRIAL MATERIALS 


N. Irving Sax, Nuclear Development 
Corp. of America, White Plains, New York. 
Reinhold Publishing Corp., New York, 
1957. v + 1467 pp. 18.5 X 26.5 cm. 
$22.50. 


REaADERs interested in safety practices 
involving the use and handling of hazard- 


ous chemicals and/or materials where 
radiation is involved are probably familiar 
with Sax'’s ‘‘Handbook of Dangerous 
Material"’ published in 1951. This work 
is successor to that earlier volume. ‘he 
sections and their authors are as follows: 
Toxicology by Leonard J. Goldwater: 
Ventilation Control, Personnel Protec: ion 
and Personal Hygiene, and Atmospheric 
Pollution by William B. Harris; Radia‘ ion 
Hazards by John H. Harley; Indus ‘ria| 
Fire Protection and Storage and Hanciling 
of Hazardous Materials by N. Irving ~ax: 
Reactor Safeguards by Joseph J. ’itz- 
gerald; and Allergic Disease in Industry 
by Milton 8. Dunn, M.D. In addition 
there is a 1060 page section listing nearly 
9000 chemicals. For each there is a de- 
scription, formula, list of physical constants 
and a discussion of toxicity, fire hazard, 
storage and handling. In many cases 
other more specialized topics are con- 
sidered. For example tricresy! phosphate, 
known in commerce as TCP and used as 4 
gasoline additive, was responsible for 
poisoning of 15,000 people in 1930. Of 
those, 10 died. An alcoholic beverage 
known as Jamaica ginger or ‘‘Jake’’ had 
been adulterated with 2% of the TCP and 
was responsible for the poisoning. There 
is a comprehensive section dealing with 
shipping regulations and the final section 
of 19 pages is an Index to Synonyms. 

This reviewer is favorably impressed 
with the comprehensive nature of the 
volume and the lucid presentation of most 
sections. The sections Radiation Hazards 
and Reactor Safeguards are excellent and 
should be of great value to college science 
departments which have programs in 
radioisotopes and use of reactors. This 
volume is recommended as a reference in 
academic laboratories as well as for “‘those 
involved in the manufacture, use, han- 
dling, storing or shipping of hazardous 
materials.” 


WILLIAM B. COOK 
Montana State 
Bozeman, MONTANA 


USTRIAL CHEMICALS 


W. L. Faith, Air Pollution Foundation, 
San Marino, California; Donald B. Keyes, 
Arthur D. Little, Inc., New York; Ronald 
L. Clark, Collier Carbon and Chemical 
Corp., Brea, California. Second edi- 
tion. John Wiley & Sons, Inc., New 
York, 1957. ix + 844 pp. 16 x 24 
cm. $16. 


OnE hundred and forty industria! hem- 
icals from acetaldehyde to zine oxie are 
discussed in this second edition. Th» plan 
followed is quite similar to that used in the 
first edition [reviewed in J. Chem. /due. 
28, 58 (1957)] for 106 chemicals. [ach 
chemical is discussed separately: ame, 
formula, principal manufacturing proc- 
esses with equations, materials re ;ired 
and flowsheets, use pattern and price for 
the last 20 years, properties, commercial 
grades, containers and shipping 1 gula- 
tions, economic aspects, and finally » ist of 
manufacturers and plant sites. 

All of the 106 chemicals discussed '1 the 


(Continued on page A232) 
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Eprror’s Note: There is so much to commend to our readers in the following essay that we feel 
it deserves more attention than the usual location in the Recent Books columns. 

The obvious first criterion for special consideration is the importance of the subject: in this 
case, a most thought-provoking volume. When the subject is treated in prose of such quality as 
the following, we are anxious to share it with readers of this page who seldom find such fare set 
before them. 

The book under discussion is “The Tao of Science,’’ by R. G. H. Siu, published by the Tech- 
nology Press of M.I.T. and John Wiley & Sons, Inc., New York, 1957 ($4.25). The author of 
this review is Professor Walter J. Moore of Indiana University. The quality and breadth of his 
scholarship are familiar to chemical educators who know his “Physical Chemistry,’’ now in its 
second edition, published by Prentice-Hall, Inc. Following his doctoral work at Princeton, Pro- 
fessor Moore held a National Research Council fellowship at Cal Tech and taught at the Catholic 


University of America. In 1951-52 he was a Guggenheim and Fulbright Fellow at the University 
of Bristol before assuming his present position at Indiana. Kinetics and the chemistry of the 


solid state are his major research interests. 


Iv 1s mmportant to find a book that concerns itself 
with the interplay of two of the deepest problems 
confronting mankind: the quickened meeting of East 
with West and the relation of Science to Society. 
The author is R. G. H. Siu and his book is called ‘The 
Tao of Science—An Essay on Western Knowledge 
and Eastern Wisdom.” Dr. Siu is of Chinese race 
and American nationality, a native of Hawaii, and 
a Ph.D. in organic chemistry from Pasadena. He 
has worked in pure and applied research and is now 
technical director of the U. 8S. Army Quartermaster 
Corps. 

Like the piety of the vicar in a Compton-Burnett 
novel, which lay so deep that it could never be ex- 
pected to show on the surface, the themes considered by 
Dr. Siu are so important that they are never mentioned 
to students in our universities: What causes one 
piece of scientific work to be good and another better, 
what path should a scientist follow to create the good 
work, what is the proper relation of teacher to pupil, 
what are the limits of a scientist’s responsibility to 
political groups? These problems might be called 
the metaphysics, aesthetics, and ethics of the scientific 
life, and perhaps the whole subject could be called 
metascience. The originality of Dr. Siu’s approach 
is that he tries to show that this metascience is not 
only a field for rational, philosophic analysis, the 
method discovered by the Greeks and since pursued 
by Western scholars, but also a field in which the 
Eastern method of contemplation of the undifferentiated 
world of man-in-nature may provide illumination. 
He thus considers the Taoist concept of “no-knowledge.”’ 
No-knowledge is superrational in origin. “It is in- 


digenous to all nature, hence, no-knowledge is not 
a projection of one’s ego into nature; it is nature’s 
ego shared by all.” In the words of T’ao Chien, 
“In these things there lies a deep meaning; yet when 
we would express it, words suddenly fail us.” 

From this concept of nature, Dr. Siu deduces a theory 
of creativity. ‘The average scientist regards crea- 
tivity as an extension of rationality. Prevailing ideas 
of thermodynamics, quantum mechanics, enzyme-sub- 
strate complexes and so on, are to be thrown like 
baited hooks into the ocean of knowledge. If this 
is repeated with sufficient persistence, some hitherto 
unknown may be hauled in by the lucky fisherman. 
But such is not the way of creativity. Rational 
hooks do not sink in the waters of no-knowledge. 
To plumb the depths of no-knowledge, one must 
rely on his own ineffable awareness of the ineffable.” 

The “average scientist” might object that this de- 
scription does not seem to fit the empirical facts of 
scientific creation. Those who have had the privilege 
of hearing C. N. Yang talk on the problem of parity, 
would recognize that in this young physicist we have 
a living example of Eastern wisdom and Western 
knowledge, but nothing in his methodology suggests 
the stirring of mystic pools by ineffable breezes, no 
more than does the work of Einstein, Rutherford, or 
Gibbs. 

Although we may not agree with Dr. Siu’s analysis 
of creativity, his remarks on the “essential ferment 
in education” are worth careful study. Like Oppen- 
heimer and others, he recognizes the need for speciali- 
zation, which “provides a penetrating training for 
the intellect and an inner devotion to the field. The 
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students dig exhaustively to gain a firm hold on the 
more fundamental roots of knowledge. General edu- 
cation does not elicit these surges from the depths; 
frequently it is superficial and windblown.” The 
prescription for education is that “students should 
be weaned from the idea that there is a single, sharp 
resultant to a given problem.... The intimate grasp 
of the intricateness and shadings of life and its con- 
sistent expression in action form the basis for toler- 
ance.... Educational systems that continue to breed 
ignorant intolerance through the negative instrument 
of simplified schematic presentations are doing the 
students no good.” 

Dr. Siu pleads for the “factualizing and humanizing”’ 
of events and of scientific work. Students should 
study the lives and times of the scientists and be 
taught the difficulties they had to surmount as well 
as their final results. So far, so good, but then another 
plea for the irrational supervenes. The student 
“should be untethered from the restrictions of verbal 
and written symbols.’”’ Most teachers of chemistry 
would agree that no special effort need be devoted to 
this program, a favorite remark of our students being, 
“T understand what I mean but I don’t know how to 
put it into words.” Whether or not this is the “‘word- 
less communion with nature” of the Buddhist masters, 
it would be irreverent to inquire. 

In the final part of his book Dr. Siu asks that the 
scientist accept the responsibility for the applications 
of his work. ‘When an atom is split and a hundred 
thousand lives are smothered and the world is thrown 
into terrible anxiety for centuries thereafter, how can 
the layman believe that the splitting of an atom is a 
great and commendable accomplishment and _ the 
resultant destructiveness a blameless inadvertence?” 
Yet Dr. Siu’s advice to the scientist on this point is 
not very helpful. ‘They cannot be men as scientists. 
They must shake off their servitude to the chains of 
abstract and rational thought. They must control 
the scientific implements, put them in their proper 
perspective and lose them in the intimacy of their 


total experience as men.” We might retort that the 
times seem to call for more and not less rational thought. 
In a world in which before long politicians of France, 
China, Egypt, and Argentina will be clamoring on the 
grounds of tribal prestige for their right to share in the 
poisoning of the atmosphere and earth of the planct, 


‘it would seem unwise to rely on subconscious forces 


to preserve the future of mankind. As an anthro- 
pologist remarked, “Primitive mentality is a fairly 
good description of the mental behavior of most people 
today except in their technical or consciously intel- 
lectual activities.” 

Of many fine things in Dr. Siu’s book, among the 
best are the following words, which might well be 
displayed in our laboratories and classrooms: 

“Great works emanate from dedicated sincerity. 
If the creator is actuated by the will to goodness he 
will untiringly pursue the hidden vagueness of un- 
finished experiments until he penetrates to the very 
heart of the problem. He will ferret answers from 
the far reaches of his mind. Ideas dredged from the 
very bowels of his soul are bound to bear the stamp 
of originality, for no two investigators are prototypes 
to such depths. He will also be impelled to com- 
municate the fullness of his findings in the clearest 
expression so that others will be infected with the 
same enthusiasm and share in their use. When the 
lust for discovery is inkindled by quick adulation and 
quick gold, there will be trolling only in shallow waters. 
The fishing lines of these researchers cross each other. 
Concepts emerge entangled and similar; readers are 
barraged with hollow claims of priorities and enlarged 
snapshots of minnows of invention. The more in- 
sincere the researcher, the more puerile the emerging 
science.” 

Perhaps enough has been said to indicate that this 
is a deep and provocative book. We may not agree 
with all of it, but all of it should be read several times. 


W. J. Moore 


InprANA UNIVERSITY 
BLOOMINGTON, INDIANA 
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Chemical Society 


As or March 10, 1958, the Division of Chemical Education has 2104 members, distributed as 


follows: 


Alabama 19, Arizona 13, Arkansas 15, California 115, Colorado 31, Connecticut 35, Delaware 
21, Florida 39, Georgia 17, Idaho 5, Indiana 74, Illinois 120, Iowa 45, Kansas 59, Kentucky 16, 
Louisiana 44, Maine 11, Maryland 28, Massachusetts 68, Michigan 85, Minnesota 47, Mississippi 
5, Missouri 36, Montana 5, Nebraska 15, New Hampshire 7, New Jersey 81, Nevada 1, New 
Mexico 19, New York 211, North Carolina 35, North Dakota 8, Ohio 145, Oklahoma 29, Oregon 19, 
Pennsylvania 165, Rhode Island 10, South Carolina 12, South Dakota 16, Tennessee 26, Texas 83, 
Utah 13, Vermont 7, Virginia 59, Washington 27, West Virginia 15, Wisconsin 52, Wyoming 10, 


District of Columbia 24, Outside U.S.A. 62. 


Of these, 63 are Associates. While a substantial number of members have paid dues in 
advance, there are many to whom Treasurer ELBERT C. WEAVER would like to send a receipt for 


1958 dues soon. 
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* SYNDETS AND SURFACTANTS 


Derercents are of practical importance to all of us, 
since we all use them several times a day. What are 
popularly known as “detergents” today were first 
termed “synthetic detergents,” then this was abbrevi- 
ated to “syndets.” Syndets are cleansing agents, ap- 
plied both in the home and to many industrial uses. 
They are a part of the more general class of surfactants, 
those compounds which concentrate at the interface. 
They lower the surface tension if the interface is be- 
tween air and a liquid or a solid, and they lower inter- 
facial tension if the interface is between two liquids or a 
liquid and a solid. Such lowering of interfacial ten- 
sion promotes ease of wetting; for example, a solution 
of a syndet wets soiled garments much more readily 
than plain water will. This increased ease of wetting 
has led to the development of a vast number of commer- 
cial applications. 

The great disadvantage of soap is precipitation of in- 
soluble, curdy calcium and magnesium soaps when the 
soap is dissolved in hard water, or precipitation of insol- 
uble fatty acids in acid solution. This explains the de- 
creasing popularity of soap in hard-water areas of the 
country, which are extensive, with corresponding in- 
crease in popularity of syndets. The latter, in general, 
are soluble and effective as detergents in hard water, in 
solutions of strong electrolytes, and in acid media. 
This explains why syndets and surfactants find so many 
uses in industry, where soap would be completely inef- 
fective. 

The change in the sales picture of soap versus syn- 
dets in the United States since 1950 is shown in Table 
1' with the per cent loss or gain over the previous year. 


TABLE 1 
Sales of Soaps and Syndets in the United States 
Soap Syndets 
(millions % millions 
of lbs.) Loss of lbs. Gain 

1950 3000 1250 
1951 2480 17 1434 13 
1952 1865 25 1530 7 
1953 1645 12 1867 18 
1954 1450 12 2063 10 
1955 1390 4 2317 ll 
1956 1325 5 2690 14 
1957 1189 10 2916 8 


GENERAL STRUCTURE 


A molecule of a surfactant is always highly unsym- 
metrical; one section is polar, the other nonpolar. The 
latter is commonly a hydrocarbon chain. The nonpo- 
lar part is attracted to oily, fatty, or waxy substances, 
and to air, in preference to water. The polar section 


‘ From the Assoc. of Am. Soap & Glycerine Producers, Inc. 


VOLUME 35, NO. 6, JUNE, 1958 


FOSTER DEE SNELL and CORNELIA T. SNELL 
Foster D. Snell, Inc., New York, N. Y. 


of the molecule may consist of carboxyl, hydroxyl, 
ether oxygen, sulfonate, sulfate, phosphate, amino, 
ammonium, or other polar groups. This part of the 
molecule is attracted by water rather than by oily 
phases or air. Innumerable combinations are possible, 
resulting in wetting agents and emulsifying agents, 
as well as syndets. When a surfactant concentrates at 
an interface, it orients so that each section of the mole- 
cule is in the phase which attracts it. This reduces in- 
terfacial free energy. The presence of unsaturated 
bonds in a hydrocarbon radical promotes water solu- 
bility. Acid groups such as sulfate and sulfonate are 
usually neutralized, mostly with caustic soda. Basic 
groups such as amine and substituted ammonium may 
also be neutralized, mostly with hydrochloric acid. Or- 
ganic salts are obtained in both cases, the first contain- 
ing a large anion, the second a large cation. 

Besides these two classes of anion-active and cation- 
active surfactants, there is a third, the nonionics. The 
latter have usually been considered as not ionizing and 
mostly to have an ether or ester structure. However, a 
concept has been presented of an equilibrium in solu- 
tion in which some large cations are counterbalanced 
by hydroxyls. This would explain synergistic effects 
with anionics which appear to be related to the forma- 
tion of loose complexes of the nonionics and anionics. 
However, nonionics are much less reactive than either 
anionic or cationic types, and are sorbed from solution 
to a lesser degree on solid surfaces. Each of the three 
classes will be discussed in some detail. Innumerable 
patents have been issued on specific compositions; the 
emphasis here will be placed on commercially important 
products. 


ANIONICS 


In terms of tonnage production or money value, the 
anionics are the most important general class of deter- 
gents. The leader in this group is sodium dodecyl ben- 
zene sulfonate. This particular syndet constitutes 
more than half of all the surfactants produced, typified 
by Nacconal, Santomerse, and Oronite. Its manufac- 
ture involves several steps: (1) production of alkylate, 
(2) sulfonation of alkylate, (3) neutralization of sulfo- 
nate, (4) building and drying. 


or SO; |] 


catalyst S0;H 
NaOH 
—> 
Na 


Because of the importance of this syndet, its production 
will be given in more detail than for other syndets. 
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Alkylate Production. For several years the alkylate 
or hydrocarbon portion of the syndet was made by 
chlorination of a kerosene fraction boiling at 185°- 
275°C., and reacting this with benzene by the Friedel- 
Kraft reaction to give an alkyl benzene in which the al- 
kyl group was a mixture of different chain lengths, but 
with an average of Ci:-Cys. Better control of the chain 
lengths has been achieved by development of propylene 
tetramer. This is made by polymerizing purified pro- 
pylene in the presence of a suitable catalyst, often a fluo- 
ride, sometimes phosphoric acid. 


H HH H H 
2 C=C—CH — C=C—C—C—CH 

H H H HH 
The dimer which first forms reacts with itself or with 
more monomer. Fractional distillation of the mixture 
of products from the polymerization gives the desired 
dodecene. Ample supplies of this are available as a 
byproduct fraction from other processes of the petro- 
leum industry. 

It has long been known that detergency is improved 
by minimum branching of the side chain or alkyl por- 
tion. This is the reason for use of tetrapropylene 
rather than tributylene. With a straight side chain, 
maximum foaming is at a chain length of 10-12 carbon 
atoms, but detergency increases with a somewhat longer 
carbon chain. 

Alkylation of benzene by reaction with dodecene is 
carried out in the presence of a sulfuric acid catalyst or 
a hydrofluoric acid catalyst. The latter catalyst is 
used under pressure at about 40°C. With 90%-100% 
sulfuric acid, the temperature is kept at 0°. The acid 
phase may be recycled. The desired alkylate cut is sep- 
arated by fractional distillation. Just after World 
War II there was not enough benzene being produced in 
this country to meet the demand for raw materials for 
syndets. The petroleum industry then took over to 
provide synthetic benzene from petroleum to amplify 
that from the coke oven. It strikes a humorous note 
to point out that now the coke-oven benzene has to be 
refined to meet the standards set by the synthetic. 

Production of dodecyl benzene, alkyl benzene, or 
“alkylate” is cartied out by the petroleum companies, 
and to a limited extent by others. Some of these proc- 
ess the alkylate into syndets themselves. They also 
sell the alkylate to the large soap companies—the big 
three—to a few large chemical companies, to many 
smaller concerns. A considerable volume of alkylate is 
exported for processing abroad. 

Sulfonation of Alkylate. Two methods are in use: 
sulfonation with 20% oleum (fuming H,SO,) and with 
liquid sulfur trioxide. In the former method the alkyl- 
ate is precooled to about 10°C. in a stainless steel, or in 
a glass-lined reactor. Addition of 20% oleum is made 
slowly with agitation and cooling to prevent localized 
overheating. About 1.25-1.3 parts of oleum are re- 
quired to 1 part of alkylate to give a monosulfonate. 
Addition of oleum is at a rate such that the tempera- 
ture can be kept at 25°-30°C. Agitation is continued 
about 2 hours after addition of the oleum, with the 
temperature still kept at about 25°. Only a minimal 
amount of unreacted alkylate may remain, usually un- 
der 2%. 

The “building” (see later discussion) of syndets with 


various chemicals which promote detergent action 
should be mentioned here, since the method of manufac- 
ture depends on the desired type of end product. Ii a 
light-duty detergent containing 40% or more of sodium 
sulfate after neutralization is required, spent acid is )\ot 
necessarily separated. For a heavy-duty detergent to 
be built with tripolyphosphate and other builders, 
maximum separation of spent acid is essential. 

To remove excess acid to give a sulfonated alkylate 
suitable for heavy-duty building, water is added to the 
sulfonator with agitation, until the free sulfuric acid is 
70%-80%. Ice may be added instead of water, in or- 
der to keep the temperature at 60°-70°C. Tempera- 
ture control is to avoid further darkening of the prod- 
uct, while at the same time promoting separation of the 
sulfonic-acid from the aqueous sulfuric-acid layer in 
which it is insoluble. 

The mixture is pumped to a separating tank, where the 
sulfuric acid layer is allowed to settle for 2-3 hours. A 
longer settling time tends to darken the upper sulfonic 
acid layer. Spent sulfuric acid is drawn off, leaving the 
more viscous sulfonic acid containing 10%-15% of un- 
reacted sulfuric acid. 

Use of liquid sulfur trioxide is relatively new. Ad- 
vantages are that excess of acid is not needed to com- 
plete the reaction, so that the final product contains 
little sodium sulfate. The difficulties of removing and 
disposing of spent acid are avoided. This results in a 
quicker process. The product is said to avoid the 
“kerosene” odor of those made by use of oleum. How- 
ever, liquid sulfur trioxide is not easy to handle and 
must be protected from contact with moisture to avoid 
polymerization to the alpha form. A high heat of re- 
action requires efficient heat removal to keep tempera- 
tures from rising excessively. 

It is advantageous to pretreat the alkylate with 10% 
of 96% sulfuric acid. Dry sulfur trioxide is vaporized, 
mixed with 9 parts of moisture-free compressed air, or of 
dry nitrogen, and added to the alkylate. The reaction 
mixture circulates in contact with an efficient heat ex- 
changer. Sulfonation is at 50°-60°C. Diluent air is 
removed. About 0.36 pound of sulfur trioxide is re- 
quired per pound of alkylate. Reaction time is kept 
to a minimum, which may be about.2 hours; neutraliza- 
tion follows imediately. 

Neutralization. The viscous sulfonic acid is pumped 
to a stainless steel neutralizer equipped with an ex- 
ternal heat exchanger. Commercial caustic soda solu- 
tion—50% or 70%—is pumped to a measuring tank 
and from there run into the neutralizer where it is di- 
luted to 18%-20%. The sulfonic acid is allowed to flow 
slowly into the caustic solution, with which it is mixed 
by agitation. The temperature should be kept down 
to 50°-55°C. The last of the caustic solution is added 
in accordance with the amount indicated by titration of 
the still slightly acid mix, in order to give a neutral sul- 
fonate. The final product contains about 50% of wa- 
ter. 

The amount of sodium sulfate is 10%-15%, with 
sulfonate made by the oleum process, and practica'!y 
nil with sulfonate made with sulfur trioxide. Larze- 
scale sulfonators are going more and more to continuc is 
sulfonation with sulfur trioxide. Five continuous 
sulfonation processes have been described. Two plats 
are manufacturing stabilized sulfur trioxide. Foreign 
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TION 


plants are now -producing sulfonates by continuous 
methods. 

Building. The term “builder” has been accepted as 
meaning a compound which itself has little or no cleans- 
ing action, but which will greatly enhance the cleansing 
action of a detergent, whether syndet or soap. From 
the point of view of economical use, the building of 
detergents is very important. Much less syndet with 
builder can be used than would be required to give a 
comparable cleansing result without a builder. Deter- 
gency Of soiled cottons can be obtained by mixtures 
containing a builder which could not be obtained with 
the pure undiluted active agent. For many purposes 
sodium sulfate and other inexpensive salts can be used 
to replace a large proportion of the more expensive 
active detergent. 

The builders added to give heavy-duty products con- 
sist in large part of molecularly dehydrated phosphates 
such as tetrasodium pyrophosphate and sodium tri- 
polyphosphate. The largest selling syndet cleanser on 
the American market has been built to the extent of 
over 50% tripolyphosphate. Another additive which 
has come into general use is sodium carboxymethyl- 
cellulose (CMC). This material serves to promote de- 
tergency by preventing redeposition of soil suspended 
in the wash solution. This property of CMC is partic- 
ularly noticeable with the syndets, the soil-suspension 
characteristics of which are relatively poor compared 
with those of soap, particularly when used in washing 
cotton textiles. 

Syndet products have had a corrosive action on the 
parts of washing machines. This has been greatly re- 
duced by incorporation of sodium silicate in the deter- 
gent formula. Soaps are not especially corrosive be- 
cause a film of calcium soap tends to deposit on the 
metal parts, by reaction of hard-water salts—calcium 
and magnesium compounds—with the dissolved soap. 
Sodium silicate in solution in contact with metal has a 
similar protective effect. It deposits a thin film of non- 
crystalline silica which is gelatinous and difficult to see 
when wet. Such a deposit will form on aluminum, 
copper, iron, steel, brass, and bronze. This is one reason 
for including sodium silicate in heavy-duty formulas. 

Sodium dodecyl benzene sulfonate does not give as 
voluminous nor as long-lasting a foam as soap does. 
The presence of soap suds has long been a criterion for 
determining that enough soap is present in the wash 
solution to do the work of cleansing. It became a 
mark of a good product; lots of suds meant satisfactory 
washing. The foaming of dodecyl benzene sulfonate 
has been enhanced and made much more stable by 
inclusion of a fatty amide in the formula. One of the 
newer compounds for this purpose is N-oleyl-N- 
methyl taurate. 

The presence of a substantive fluorescent dye im- 


proves the whiteness of washed linens. This dye, 


although itself colurless, gives off a blue fluorescence 
which counteracts the yellow which white materials 
tend to develop after repeated washing. The dye 
makes the material look bluer, or actually in common 
terms, “whiter.” Such fluorescent dyes are now used 
in all soap and detergent products for the laundry. 
They have replaced the earlier process of a blueing step 
in the home laundry. A typical formula of a heavy- 
duty and hence a built syndet is given in Table 2. 
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TABLE 2 
Typical Heavy-duty Syndet 


Ingredients 


Dodecy] benzene sodium sulfonate 
Sodium tripolyphosphate 

Sodium silicate (1:3.25) 

Sodium carboxymethylcellulose 
Fatty amide 

Sodium sulfate 

Moisture 

Fluorescent dye 


% by weight 


In a fair-sized plant, the slurry may be run into a 
second tank for addition of builders, with the two 
tanks arranged so that they can be used interchange- 
ably for neutralization and building. The dry builders 
are added with heavy-duty, screw-type agitation in a 
steam-jacketed crutcher, to obtain maximum disper- 
sion arid solution. The temperature is kept at 55°- 
60°C., with use of live steam if necessary. Air should 
not be beaten in as this would cause undesired foaming. 
Hot water is added to prevent the mix from becoming 
too viscous. If the product is to be drum-dried, the 
water content should be kept to 35%-45%; if spray- 
dried, it should be 50%-60%. 

Drying. Drum drying is used for some industrial 
applications where shipment over long distances is 
necessary and bulk density is important. The less 
expensive spray drier is suitable for household products, 
as it produces a lighter, dust-free bead. A drum-dried 
product may range from 40 to 45 pounds per cubic 
foot, spray-dried from 15 to 28 pounds. 

For drum-drying, slurry is pumped to a trough formed 
by two steamheated drums of the drier. As these 
rotate in opposite directions, each picks up a film of 
slurry which dries as it is carried around to the doctor- 
blades which scrape it off. The speed of rotation is 
such that when the doctor-blades are reached, the 
moisture content will be 1.5%-2%. A difficulty is that 
tripolyphosphates may be overheated and revert in 
part to orthophosphate, an undesirable change. 

With spray-drying, the built slurry is pumped at 
82°-99°C. through atomizers into a stream or preheated 
air or gas. The fine spray, consisting of many small 
droplets, gives a quite uniform product. Some rever- 
sion of tripolyphosphate occurs but can be more 
readily controlled. Danger of overheating is small 
if the entering gas temperature is at 400°-480°C. 

The dried particles are carried along by the gas 
stream to the product-collection system, where they 
are discharged to drums or to a screening and packaging 
unit. The loss of dry product as dust in the exhaust 
air can be kept below 1% and, if necessary, eliminated 
by installation of a wet collector. As discharged, the 
particles are generally not over 65°C., after which they 
are air-cooled on a vibrating conveyor. If dried to 
2%-3% moisture content, they do not cake in the 
container but remain free-flowing. Many products 
approach 10% of retained moisture. A _ particle-size 
analysis from spray-drying should give 91% of beads 
through 20 mesh and on 100 mesh. Material outside 
this range is mixed with incoming slurry. 

Built heavy-duty alkyl aryl sulfonates, after spray- 
drying, have a bulk density of 15-28 pounds per cubic 
foot. Variations in bulk density can be made by 
adjustments in operating conditions. The larger the 
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bead, the fluffier and lighter the product. Light-duty 
sulfonates tend to be of lower density than the heavy- 
duty type. 


ALKYL SULFATES 


Next in importance to dodecyl benzene sulfonates 
among the anionics are the alkyl sulfates, or fatty- 
alcohol sulfates, typified by dodecyl sodium sulfate. 
These were the first syndets to become commercially 
successful on a large scale, for example, the Duponols 
and Gardinols. The structure is closely related to 
that of soap with —COONa as the water-attracting 
group in soap being replaced by —OSO;Na. For many 
years coconut oil was the fat used, but more recently 
tallow has also been a source for making alkyl] sulfates. 
Inedible tallow is currently in abundant supply because 
of the great decrease in demand for it in soap making. 
Over the last several years soaps have fallen to about 
30% of the total cleanser market, while syndets have 
correspondingly climbed to 70%. 

To make alkyl sulfates, alcohols are first made from 
the fats by catalytic reduction of the triglycerides with 
sodium, or by hydrogenolysis with a chrome catalyst. 
The alcohols are then esterified with sulfuric acid and 
neutralized. The active agent may be built and 
dried in much the same way as dodecyl benzene sul- 
fonate. 

A study of tallow-alcohol sulfates showed that the 
properties were a little different, depending on the 
method of manufacture. Unsaturated groups such 
as those present in oleic acid are unchanged by sodium 
reduction; with hydrogenolysis they are changed to 
saturated groups. The unsaturated product is a better 
foamer than the saturated. The saturated product 
appeared to be somewhat more effective than unsatu- 
rated for hand dishwashing, but both were in general, 
good detergents. 

Alkyl sulfates are even better detergents in hard 
water than alkyl aryl sulfonates. By changing from 
the sodium to some other cation such as ammonium 
or triethanolamine, products suitable for use in liquid 
form are obtained. When made of coconut oil, the 
alkyl sulfates are more expensive than the alkyl aryl 
sulfonates. With tallow stabilized at the relatively 
low price of 7 cents a pound, raw material costs of this 
are competitive with the latter. Major applications 
of the alkyl sulfates are in shampoos, cosmetics, and 
pharmaceuticals although substantial tonnage goes into 
household syndets. 


NONIONICS 


Practically all of the better-known nonionic deter- 
gents depend on a polyoxyethylene chain for the polar 
portion of their molecules. The hydrocarbon section 
is frequently an alkyl substituted phenol. Polyoxy- 
ethylene ethers of alkyl phenols are analogous to alkyl 
aryl sulfonates with the polyoxyethylene chain taking 
the place of the sulfonate group. Another type has a 
straight-chain mercaptan from petroleum sources, 
joined to a polyoxyethylene chain. 

Phenol is ordinarily synthesized from petroleum 
today. The polyoxyethylene group is built up from 
ethylene oxide molecules and the ethylene oxide in 
turn derived from petroleum. The alkyl side chain may 
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be petroleum-derived or from other sources. The 
reaction may be depicted as follows: 


OH OCH.CH,0H 


() + + CH;CH, 


OCH.CH,0CH.CH.0H 


| _, (continued to any desired chain 
length.) 


In 1957 the alkyl groups commonly used in making 
such nonionics commercially included octyl, nonyl, 
dodecyl, dinonyl, and pentadecyl. 

The nonionics, when properly used, offer exceptional 
efficiency in washing operations. Further, they are 
highly flexible. Because the polar or ethoxy group 
can be built up step by step to any desired degree and 
because the alkyl group can be varied, it is possible to 
tailor-make a large variety of nonionics for special 
purposes. 

The ether oxygen portion is the water-attracting 
group; increasing the proportion of ethoxy groups 
therefore increases water solubility. When the ethoxy 
portion is minor, an oil-soluble product is obtained 
suitable for use as emulsifier in cosmetic creams, etc. 
When the ethoxy portion is greatly increased, the prod- 
uct becomes water-soluble. The great majority of this 
type as produced contains 60%-70% of ethylene oxide. 
The ether linkage makes for chemical stability of the 
compound—stable in acid, alkaline, and strong-elec- 
trolyte solutions. 

With anionics, such variability is not so easy. There 
the polar group consists of a single radical and is 
present on an all-or-nothing basis. Thus for an alkyl 
aryl sulfonate we must have at least one sulfonate 
group, but two sulfonate groups are entirely too much 
for ordinary purposes. However, with a nonionic of 
the type described we can have 6, 7, 8, 9, etc., oxyethyl- 
ene groups in the chain, varying the solubility, wetting 
power, specific detergent effects, etc. 

An interesting modification of this type of agent is 
the sulfated nonionic, or rather, a nonionic converted 
to an anionic. This is made by attaching a fairly 
short polyoxyethylene chain to an alkylated phenol, 
then sulfating to attach a sulfate group via an ester 
linkage to the terminal hydroxy] in the polyoxyethylene 
chain. Such detergents retain many of the virtues 
of the nonionics while avoiding some of their disadvan- 
tages. For example, they are good foamers. 

Another type of nonionic detergent is that made by 
reacting ethylene oxide with tall oil. Tall oil is a 
mixture of fatty and rosin acids derived from pine wood 
during sulfate pulp manufacture. It is quite low in 
price and of limited value as a source of fats or oils 
for many purposes. The use of this derivative has 
been moderately successful in the laundry. The tall 
cil-ethylene oxide nonionics offer the advantage of 
low price. They are low in foaming power, a desirable 
attribute in some applications of syndets. For example, 
in certain types of automatic home washers, excessive 
suds interfere with the cleaning process and decrease 
the over-all efficiency. For this reason low-sudsing 
detergents were developed, and competitive products 
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of this nature are produced by the three major soap 
syndet producers, namely, Procter and Gamble, Lever 
Brothers, and Colgate-Palmolive. The tall oil-ethyl- 
ene oxide nonionics have proved useful in making 
low-sudser detergents. 

Somewhat related is a type of nonionic based on the 
combination of ethylene oxide with alcohols. These 
may be mixtures obtained from coconut oil, tallow, or 
other natural fats, or they may be polyhydric alcohols 
such as sorbitol. Again the number of ethoxy groups 
in the molecule will determine the properties and permit 
tailoring to fit the needs. Highly water-soluble mem- 
bers of this group have proved effective as dyeing as- 
sistants; they promote even dyeing by delaying the rate 
of dye uptake by fabric. 

A nonionie which was first produced commercially 
in 1957 is one made by the esterification reaction between 
sucrose and fatty acids from tallow. Both raw ma- 
terials are low in cost. The first of the series was 
sucrose dipalmitate, a fat-soluble syndet highly satis- 
factory as an emulsifier in margarine. When the 
water-soluble monotallowate becomes available, it 
may be competitive with the firmly established dodecyl 
benzene sulfonate. Since the sugar esters are nontoxic, 
they are aimed primarily at the food, drug, and cos- 
metic industries. As production costs decrease, they 
may be expected to find more general use. 

In the past, nonionic detergents have had a rather 
limited market. However, during the last few years 
there has been a very marked growth of interest in 
nonionic detergents and the market appears to be 
expanding very rapidly. They are combined with 
anionics in some detergent products. It is possible 
that they form loose compounds with them much like 
the addition compounds of nonionics with phenols. 
Nonionics are also compatible with cationics and are 
combined with them in various cleaning products. 


CATIONICS 


Cationics have a large positively charged group in 
balance with a halide ion, usually the chloride. Those 
best known are the quaternary ammonium halides, 
such as alkyl-dimethylbenzylammonium chloride. 


CH; C,H; 


Another well-known compound is dodecyl pyridinium 


chloride. 


\N/ 


Gl 


The quaternaries are used mostly for their powerful - 


germicidal effect, for example, in cleaner-sanitizers 
useful in dairies and food-processing plants, where 
cleansing and sanitizing are needed simultaneously. 
In such products, cationics are combined with a small 
amount of nonionic plus alkaline salts to give combined 
wetting, cleaning, and sanitizing action. The emulsify- 
ing action of cationics has special applications, one 
example being to emulsify pentachlorophenol in water 
for use as an herbicide and soil toxicant. 
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Mixing of Ingredients for Synthetic Detergent Bar Is Controlled on 
Strict Time Schedule 


Alkane may be used as the starting material, from 
which an aromatic chloride is formed. In turn this is 
reacted with an amine such as triethanolamine to 
form a quaternary ammonium chloride. Such a com- 
pound is relatively expensive. 

Among their industrial uses is one based on the ca- 
pacity of these amines to adsorb strongly on metal. 
Such sorption results in a mildly protective film which 
greatly reduces the corrosion of the metal. These 
amines are also useful ingredients in rust preventives. 

Cationics and anionics are incompatible, since the 
two large radicals of opposite charge precipitate each 
other; the activity of both type of agents is then lost. 


PHYSICAL-CHEMICAL PROPERTIES OF DETERGENT 
SOLUTIONS 


Many factors and many properties are involved in 
detergency. How do we know that one product may 
be more effective than another? In the laboratory, 
comparisons have been made by measuring definite 
physical properties, as well as making standardized 
washing tests. The picture as to the physical-chemical 
properties which are involved in detergency is being 
gradually clarified. There may be a matter of opinion 
as to how important a given property is, but that 
property can be measured accurately on an absolute 
standard. 

Surface Tension. The attraction between the mole- 
cules of a liquid sets up a force which resists breaking 
of the surface. With water this reaches a rather high 
value, about 72 dynes/em. A little concentrated 
soap solution added to the water will decrease the 
surface tension to around 28 dynes/em. Measurement 
of surface tension is made with the Du Nouy tensiom- 
eter. Although low surface tension has some relation 
to high foaming power, the latter is not necessarily 
a property of a detergent. 

Interfacial Tension. Much of the soil which offers 
any problem is oily. If the particle is large enough, 
we may be able to remove it mechanically from a 
surface to leave an unimportant residual oil film on the 
material (cotton or wool or ceramic or metal). The 
same type of effect may be obtained with a detergent 
if that detergent ruptures oil-oil bonds so that the 
particle of soil is separated from the base but does not 
take all of its oil with it. There is ample evidence 
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Determination of Surface T 
that such a phenomenon can occur. To all practical 
purposes one never wets the underlying particle of solid 
soil and so does not separate it from its oil coating. 
A third form of removal of the oily soil from the base 
is by having the wetting agent effectively penetrate 
between the oil and the base. 

The interfacial tension between the detergent solu- 
tion and the oil is a good measure of the relative ease 
of soil removal by rupture of polar-nonpolar forces 
of attraction. It throws no light on the relation 
between the base of substrate and the aqueous deter- 
gent. Soil removal in terms of actual wetting of the 
surface and displacement of oily soil may be determined 
in different relative terms by measurement of contact 
angle. The actual value obtained is a function of 
three factors: (1) surface tension of the solid; (2) 
interfacial tension of the solid versus the solution; 
and (3) surface tension of the solution. Even to be 
a relative measure of the rupture of these polar-nonpolar 
bonds, (1) and (3) must be constant. The procedure 
is to measure the contact angle of the detergent solution 
on the surface under oil. Even here interfacial tension 
plays a role in governing the intensity of displacement 
forces. One of the major problems of detergency 
today is that of determining the relative importance 
of the two mechanisms of soil removal under various 
conditions. 

For years this laboratory has been using interfacial 
tension measured between the detergent solution and 
benzene containing 0.1% of a highly purified oleic 
acid to represent acidity in soil. Work in England has 
confirmed the soundness of earlier reasoning in believing 
that only the fatty acid in natural soil is significant in 
modifying the effect of that interface. If the detergent 
wets the base surface and wets the soil so that the solu- 
tion is interposed between them, then the first move 
has been made toward removal of the soil. 

This problem can be analyzed in terms of physical 
chemistry. The energy applied to break the inter- 
face is the work of cohesion of the oil less the work of 
adhesion between the oil and the aqueous solution of 
detergent. In sets of data obtained with the same 
oil, the cohesion of the oil is a constant and the inter- 
facial tension is a relative measure of the wetting of the 
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oil. Likewise the contact angle of the detergent solu- 
tion against the surface of the solid is a relative measure 
of the interfacial tension between them, but in different 
terms. All we need is a symbiosis of those two factors 
to measure the interfacial tension of the oil versus 
the solid base. It does not exist. 

_Dispersing Power. A dispersing agent for solid 
particles is believed to function by forming a stale 
mono-layer at the solid-liquid interface. Having 
separated a particle of soil from the fabric, no detergent 
effect will be accomplished unless the soil can be kept 
in the suspension. The importance of the latter factor 
is shown in launderometer tests on standard soiled 
fabrics with certain low-quality detergents. In some 
cases we have found the fabric to be darker after 
washing than before. We interpret that to mean that 
the soil has been deflocculated, dispersed more effi- 
ciently over the surface of the fabric, but not suspended. 

The method for measuring dispersing power consists 
of dispersing oiled umber and reading the amount 
suspended after 2 hours. While soap will give a 
numerical value of 50 or more at 25° in terms of present 
test for dispering power, synthetic detergents give 
values of the order of 10. At higher temperatures less 
soil is dispersed. Dispersing power is the factor in 
detergency in which unbuilt syndets compare least 
favorably with soap. 

Solubility in Micelles. The structure of micelles 
has received a great deal of attention. If one assumes 
that the solution is saturated with molecular detergent 
at the point where initial micelle formation occurs, 
some very interesting calculations can be made: 
(1) that with increase in concentration in the range 
used for detergency, micelles are approximately uni- 
form in statistical size, and (2) the statistical size 
varies over the general range of 3-7 molecules. ‘The 
molecules in micelles have their hydrocarbon chains 
pointed inward, dissolved in each other, so to speak, 
while the polar groups point outward toward the 
water phase. Thus the free energy of the system is 
at a minimum, since each type of group is in contact 
with others like it. Using an analogy by McBain, 
a micelle is a group of molecules and ions bound together 
like a bunch of eels with their tails—representing the 
nonpolar hydrocarbon radicals—tied together. ‘The 
solubility of soil in micelles relates to detergency and 
in practical terms is probably a real factor when oil 
droplets are to be removed. 

For many decades the occasional effect of a soap 
in producing a real erythema of the skin, and the 
frequent dryness and harshness caused by reduction of 
sebaceous matter (the condition often described in 
advertising as “dish-pan hands’’) has been attributed to 
hydrolysis alkalinity. Another accepted factor is the 
presence of fatty acids due to hydrolysis. Development 
of synthetic detergents having a pH value not radically 
different from that of the skin, which is normally 
about pH 5, was hailed in some quarters as solving that 
problem. Strangely enough, within the limits of ac- 
curacy of the methods for measurement of skin reac- 
tions, the harshness, if not the erythema, appears to 
be at least as great from contact with synthetic deter- 
gent solutions. Observations of McBain and of 
Harkins that water-insoluble matter is dissolved in 
the micelle, probably explains this apparent anom:ly. 
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The skin, which ordinarily is protected and kept 
soft by the oily matter supplied by the sebaceous glands, 
becomes dry and rough by frequent contact with a 
detergent solution, regardless of whether the detergent 
is soap or a synthetic. If the detergent is effective in 
removing oily matter from dishes, apparently it is 
necessarily effective in removing it from the skin. 
Reducing the detergent efficiency of soap by adding 
lanolin or other excess fatty matter reduces the drying 
efiect of the solution on the skin but does not entirely 
prevent it. Theoretically it is possible to visualize a 
polar-nonpolar structure which would be selectively 
sorbed by the skin from a detergent solution. There 
is some evidence that lecithin shows such a property, 
but there is little doubt that a “tailored molecule” 
would be more effective. 

Sorption of Detergents on Surface to Be Cleaned. 
The extent to which a detergent will be sorbed from 
solution by the soil which it removes, will ordinarily 
be rather minor simply because soil is present in such 
a small amount relative to the surface being cleaned. 
Sorption of detergent by the base or surface to be 
cleaned will depend on its nature. Thus sorption 
will not be great on a metal or on a smooth ceramic. 
But the surface of a porous ceramic or a fabric is very 
great and therefore possible sorption of detergent is 
enormous. 


MEASUREMENT OF COMBINED DETERGENCY 


What method should we use to measure the efficiency 
of removal of soil from the base? Here again one is 
dealing with a problem which relates to methods to be 
applied industrially. When fabrics are being washed, 
more than 50% of the total cleaning may be by me- 
chanical action. The mechanical effect is easily 
measured by comparing the results obtained (1) by 
washing with plain water, and (2) with a solution of a 
detergent under otherwise identical, controlled condi- 
tions. 

The most generally accepted method for comparing 
washing efficiency is with use of what is known as a 
launderometer. Briefly, this consists of a rotating 
shaft carrying multiple pint jars in a housing which 
permits temperature control. 

Sample detergent solutions and standard soiled 
swatches of cloth are placed in the jars. Mechanical 
detergency can be increased by enclosing a definite 
number of metal or rubber balls in each jar. Control- 
lable variables which must be standardized include the 
following: nature of base surface to be cleansed, nature 
of the soil, building effect on cleansing efficiency due 
to added salts, pH of the solution, temperature, degree 
of agitation, time of agitation, hardness of water, con- 
centration of detergent, ratio of base surface to be 
cleansed to volume of solution, ratio of soil present to 
volume of solution. 

Qualitatively the effect of successive equal increments 
of additional soil decreases rapidly. So it takes many 
hundreds of times as much soil to lower the reflectance 
of a fabric from 30 to 29 as from 80 to 79. One practical 
effect is that there is a large visible difference between 
removal of 98% and 99% of the soil. Another is that 
very little soil need redeposit on clean sections of cloth 
to change it from brilliant white to visibly dirty gray. 
This explains in part why ability to prevent any re- 
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deposition of soil is such an important requirement for 
a good detergent. 

What we are really looking for is a numerical value 
to express the efficiency of the detergent. Even for 
relative evaluation some kind of measurement has to 
be made. The most satisfactory procedure at present 
is to read the degree of soiling of the fabric photometri- 
cally in terms of light reflectance before and after the 
detergency operation, and then to calculate by some 
form of expression the degree of brightness regained. 


PHYSICAL FORM OF DETERGENTS 


The great majority of syndets go into household prod- 
ucts, for dishwashing, laundering, and general clean- 
ing. For many years these were granular. About 
the middle 1950’s, liquid, light-duty syndets became 
popular for dishwashing, and the production of liquid 
products increased enormously. In 1957 liquid syndets 
in the United States were one-tenth of the total tonnage 
and one-sixth the dollar volume of syndets. Originally 
these liquids were based on nonionics, which are fre- 
quently liquids to start with. Later, dodecyi benzene 
sulfonate was used in the liquid products, with alcohol 
or some other agent present to increase its solubility, 
combined with a smaller proportion of nonionic. 
Nonionics of the condensed amine type help solubilize 
sodium dodecyl benzene sulfonate. 

New materials for making liquid syndets are being 
produced, e.g., sodium lauryl ether sulfate. This 
forms clear solutions in water of any degree of hardness. 
Sulfation of the hydroxyl group of an alkyl phenol, and 
of the terminal hydroxyl group of an ethylene oxide 
condensate, results in products with good surfactant 
properties and high solubility. 

Following the success of the light-duty liquids, heavy- 
duty liquids appeared, built with tetrapotassium pyro- 
phosphate and other suitable compounds. These are 
still in relatively low production but may achieve in 
time the popularity of the light-duty liquids. The 
potassium phosphate salt is necessarily more expensive 
than the sodium but the latter is not soluble enough 
to be used in liquid concentrates. 

The popularity of liquid syndets for washing dishes 
is probably due to their immediate solution in the dish 
water, and possibly also to a belief by many housewives 
that they are not so harsh on the hands as some of the 
granular products. Liquids for special purposes have 


Extruding,” Under Careful Temperature Control, Long Bars from 
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also been produced, particularly some recent products 
for washing woolen or cashmere sweaters, and similar 
items. Some of these have been advertised as “‘cold- 
water” cleaners. Another type is a liquid detergent 
and sanitizer for washing painted woodwork and other 
hard surfaces. 

- Only in the last couple of years have solid syndet 
bars become somewhat competitive with soap bars. 
Price is not as much of an object for the toilet. bar as 
for general cleaners. Research problems in making 
syndet bars have been colossal. Each of the three big 
soap and syndet companies have worked on the problem 
for years, and each has a product on the market. 


The more crystalline character of syndets as compar-d 
with the plastic nature of soap has been a great source 
of trouble in manufacture. 

One of the new bars was a straight synthetic, which 
is both expensive and difficult to manufacture. Other 
producers have brought out composite bars containing 
both soap and syndet. Such a blend can be used he- 
cause in the presence of the syndet, hard-water calcium 
and magnesium soaps which might be formed in use, 
are efficiently and finely dispersed: They therefore 
do not give the sticky deposits of lime soaps. The 
prediction is that in another five years or so, all toilet 
soap bars will contain enough syndet to give this effect. 


NATIONAL COOPERATIVE UNDERGRADUATE CHEMICAL RESEARCH PROGRAM 


Tue National Cooperative Undergraduate Chemical Research 
Program will be ten years old this fall; it was organized at the 
Fall Meeting of the American Chemical Society in St. Louis in 
1948 with a listing of four projects. The objectives of the pro- 
gram are to stimulate undergraduate research interests, to supply 
some data missing from the chemical literature, to offer industry 
opportunities to cooperate with colleges in interesting students 
in chemical careers, and to encourage the research interests of 
teachers in small colleges. A survey is being made of the 30 or 
more projects that have been offered, and a bibliography is being 
made of the student papers read and resulting publications. 

The projects for the 1958-59 school year are essentially the 
same as those listed for 1957—58:! 


ANALYTICAL PROJECTS 


1. Quantized Qualitative Analysis: a New Approach to Sys- 
tematic Qualitative Analysis. W. P. Cortelyou, Roosevelt 
University, Chicago 5, Illinois. 

2. The Importance of Some Simple Quantitative Techniques 
and Errors. Ethaline Cortelyou, Armour Research 
Foundation, Chicago 16, Illinois. 

3. Classification of Cations Based on Qualitative Chromato- 
graphic Separation by Means of Specific Solvents. Sister 
Alice Marie, Mount St. Mary’s College, Los Angeles 49, 
California. 

4. The Development of Quantitative Volumetric Determination 
of Paint Pigment Constituents. Clovis Adams, The 
Sherwin-Williams Company, 115th Street and Cottage 
Grove Avenue, Chicago, Illinois. , 

5. The Detection of Ions by Differential Diffusion. Marvin 
Antelman, Monsanto Chemical Company, P. O. Box 5267, 
St. Louis, Missouri. 


GENERAL CHEMICAL PROJECTS 


6. Solubilities of Inorganic Sulfamates in Water. Sister Agnes 
Ann, Immaculate Heart College, Los Angeles 2, California. 

7. Solubilities of Inorganic Halides (Other Than Fluorides) in 
Organic Solvents. Kirby E. Jackson, University of Ala- 
bama, University, Alabama. 

8. Determination of the Densities of Various Solutions at Vari- 
ous Temperatures. A. G. Pinkus, Department of Chem- 
istry, Baylor University, Waco, Texas. 


1J. Cuem. Epuc., 34, 292 (1957). 
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ORGANIC PROJECTS 


9. Preparation and Characterization of Diamides from Methyl- 
ene Bis-(4-Phenyl Isocyanate) and Alkyl or Ary] Bro- 
mides Through the Grignard Reaction. Roy G. Bos- 
sert, Ohio Wesleyan University, Delaware, Ohio. 

Preparation and Properties of Acylacenaphthenes. Edith 
J. H. Chu, Immaculate Heart College, Los Angeles 27, 
California. 

Characterization of Amines as Salts of Oxalic Acid. Harry 
Cohen, Roosevelt University, Chicago 5, Illinois. 

Preparation of Certain Schiff Bases and Their Reduction 
with Lithium Aluminum Hydride. Bertin L. Emling, 
St. Vincent College, Latrobe, Pennsylvania. 

The Reaction of Phenols with Activated Aryl Halides. 
John D. Reinheimer, The College of Wooster, Wooster, 
Ohio. 

Characterization of Homologous Series of Amines and Hy- 
droxyamines as Tetraphenylborates. W. W. Wendlandt, 
Texas Technological College, Lubbock, Texas, and A. J. 
Barnard, Jr., Director, Technical Information, J. T. 
Baker Chemical Company, Phillipsburg, New Jersey. 

15. The Characterization of the Phenols as Their 2,4- and 3,4- 
Dichlorobenzoates. Robert G. Johnson, Department of 
Chemistry, Xavier University, Cincinnati 7, Ohio. 

16. Preparation and Characterization of Substituted Diary! 
Thioureas. J. F. Deck, University of Santa Clara, Santa 
Clara, California. 


PHYSICAL PROJECTS 


17. Determination of Refractive Indexes of Binary Liquid 
Mixtures at Various Concentrations and Various Tem- 
peratures. R. I. Rush, Centre College, Danville, Ien- 
tucky. 

18. Determination of the Reliability of Ideal Laws in Typical 
Practical Circumstances. Nathan Yagol, Roosevelt 
University, Chicago 5, Illinois. 

Chemical Means of Cleaning Ultramicro Pipets. George 
F. Hand, State Microscopical Society of Illinois, 7512 
Olcott Avenue, Hammond, Indiana. 

Anion Exchange Constants for Thiocyanate Complcxes. 
Y. Marcus, Weizmann Institute of Science, Rehovot, 
Israel. 


ETHALINE CorRTELYOU 
W. P. CortetyoU 
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LET’S START TEACHING SCIENCE 


Dunrrne the past year the Russians did a favor for all 
high school teachers of science; they launched a satel- 
lite. As a result of this action, the attention of the 
American people has been focused on the status of edu- 
cation in this country and on science education in par- 
ticular. Americans seem to be faced with a dilemma. 
Our educational system evidently is not efficient in the 
production of scientists and engineers, and science may 
well hold the key to our national survival. On the 
other hand, we do not wish to copy the Soviet system of 
scientific education, for we hold that the purpose of 
education is not to safeguard the State by forcing science 
into the curriculum, but to set men free. Not all men 
find freedom in a scientific education. 

There is, however, a middle path. It does not pro- 
pose a “crash program” or teaching everyone to become 
a scientist, nor does it propose continuing unchanged 
an educational system which fails to prepare young 
people to understand and to contribute to the scientific 
enterprise. This road is based upon the writer’s con- 
viction that most high school textbooks, courses, and 
teachers do not teach science. Since few people are 
taught science, it is not surprising that many Americans 
look upon science and scientists with misgivings or even 
suspicion, and that people misunderstand the role of the 
“brain” or “egghead” in our society. 

A very wise man once said that science is no more a 
collection of facts than a house is a pile of stones. An 
even wiser person wrote a nursery rhyme, part of which 
went something like this: 


“T went into a house, at least I thought it was a house, 
I could hear from the may-tree the blackbird’s call. 
But nobody listened to it. 

Nobody liked it, 


Nobody wanted it at all.” (A, A. Milne) 


A house may, of course, be made of stones. But it 
must be much more. It is also the architect’s dream; 
it reflects the lives of those who love it and who live 
Within it. So it is with science, for science must contain 
more than facts. They are merely the framework out 
of which science is built, while science is the process, a 
very human process, in which the scientist and engineer 
use facts to build a description of what Nature already 
knows. 

In this country we have placed a premium on factual 
knowledge. Thousands upon thousands of people 
watch television every night and look with envy upon 
those few who amass vast fortunes on quiz programs. 
These few have committed to memory the millions of 
useless facts which any educated person would look up 
ina reference book if he ever needed them. There is no 


* Assistant Director, Academic Year Institute, Harvard Uni- 
versity. 
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indication that these memory machines can put their 
facts to any good use. There is, however, proof that 
they can do fairly quickly but imperfectly what any 
good IBM machine could do were anyone interested in 
asking a machine to do it. Oddly, these quiz contest- 
ants are never asked a question that has a debatable 
answer. They are never asked to show, in fact, that 
they are educated. 

So it is in our high school science courses. We teach 
facts, many thousands of facts, and thenask trivial ques- 
tions. Students can factor the difference of squares or 
define velocity. They can list the difference between 
animal and plant cells or they can describe the workings 
of one of the world’s most inefficient devices, the auto- 
mobile engine. These facts are easily forgotten; they 
are even more easily distorted. They are largely useless 
except to one who plans to make large scale use of them. 
But, what is far more important, they are not the es- 
sence of science. Indeed, such courses completely over- 
look the fact that science is a human enterprise. Is it 
any wonder that our young people, even those who took 
a course in science, grow up in total ignorance of what 
science is all about, and what scientists are like and try- 
ing to do? It is as if all students were taught spelling 
and grammar and never told or shown how words can be 
put together to form poetry or literature. 

Since science involves people at work, and involves a 
continuously growing and changing understanding of 
Nature’s secrets, is it surprising that science courses 
should consider these aspects of science? And yet most 
high school courses do not. To prove, or at least 
demonstrate this claim, look at the following list and 
ask whether the high school students that you know 
have ever considered the items suggested. The list is 
made up of a few more important aspects of science, 
those human aspects that distinguish science from 
stamp collecting in much the way that a house can be 
distinguished from a pile of rubble. 

1. What is the role of Chance, or Luck, in science? 

There are those, the giants in science, who make Lady 
Luck shine with favor upon them, who seem ever ready 
to grab the ball and run for the touchdown. Science 
is full of results made possible only through some wise 
acceptance of a lucky break. What about Roentgen 
and Crookes? Was it chance that one of them 
could see the possible importance of a foggy film plate 
that was, by chance, in the wrong place at the right 
time? How about Priestley’s use of an oxide of mer- 
cury? Was it his excellence as an experimentalist that 
prompted his use of an easily decomposable oxide? 
And those who would apply “scientific methods” out- 
side the area of science, will they rely on luck when man 
has the awesome potential which he now is stockpiling 
just in case something goes wrong? 
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2. What is the role of authority in science? 

We often accuse those who accepted Aristotle’s 
authority. It was not that they accepted authority, 
but that they accepted it blindly that we hold them in 
some disrespect. In our modern world it is increasingly 
true that no man can know all that he needs to know; 
he must lean ever more heavily on authority. But who 
isan authority? Part of education in a free world must 
be in the training of young people in the ways of choos- 
ing authority wisely. Seldom in education is this being 
done effectively, and no where can it be done more easily 
thari in science. The scientist is always accepting au- 
thority, but he does so with care, and with the recognition 

-that his results must of necessity rest upon the validity 
- of what he has accepted on authority. Zeeman once 
stated that he might have given up in his search for the 
effect of magnetism on light had he not read (by 
chance?) that Faraday had also sought this effect. If 
the great Faraday had tried, there must be something 
to it, so Zeeman tried again, and again. Do our young 
people, or our old ones, ever learn the importance of au- 
thority choosing? Look at the record wherever fluori- 
dation has been a political issue. Look at the television 
commercials of the white-coated “doctors,” of the 
schematic diagram that “proves,” of the ‘grease spot”’ 
that is wiped away like magic by a solution that cannot 
hurt your hands. 

3. What is the role of error in science? 

We all poke fun at the poor weatherman who predicts 
sun and gets rain. But we seldom remember that his is 
a difficult position, for it either rains or it does not rain. 
The errors in his work may be infinitely small compared 
to those which a missile expert will accept, yet we blame 
the weatherman if our garden party is spoiled. Errors 
are important in science, and not only because they tell 
us how well or how poorly we have done something. 
Indeed, it is often more important to have differences 
between the prediction and the result than it is to have 
exact predictions. All bodies fall with equal accelera- 
tion, which is a statement that is obviously false. But, 
Galileo’s genius lay in the fact that he could picture in 
his mind that all bodies, if released together, should fall 
with equal accelerations. The fact that such a pre- 
diction does not fit experimental fact makes possible the 
whole new sciences of aerodynamics and fluid flow. 
More recently, look at the Sputniks. If they follow the 
predicted paths, wonderful. If they do not, even more 
wonderful, for then this error will have shown man a new 
problem, a new challenge, to be studied and solved. 

4. What is the nature of truth in science? 

What is truth? Philosophers have asked this ques- 
tion for countless generations. Perhaps there can be no 
simple or single answer, but in science there is something 
that approximates an answer to the question; a theory 
that works is true. We no longer think of a caloric 
fluid. We would state that the concept was false. Yet 
it worked, within limits, and proved useful in science. 
In fact, we still talk of heat flowing as if it were a fluid. 
We know that Newton’s laws do not apply under certain 
conditions, such as those of high velocities. In a sense, 
the laws of Newton are not true, yet no sensible man 
would deny their applicability within the restricted area 
for which Newton developed them. Is it possible that 
laws in science can be true in one situation and not true 
in another? And if so, what is truth in science? How 


many students in high schools question the unsuspecting 
teacher who states that the general gas laws indicate 
that the pressure of a gas at absolute zero is zero? (r, 
can a gas law be true when applied outside the area for 
which a gas exists? There is an advertisement that 
says, ‘From science comes truth. . .the search that took 


-1200 days. Yes, after four years of research... .” 


What is truth when 1200 days is equal to four years? 
Yet Americans swallow this sort of statement day after 
day. 

5. What is the role of prejudice in science? 

We all know the stereotype of the scientist. He isa 
cold, impassive, white-coated man who is totally objec- 
tive in all he does in science. No wonder that Ameri- 
cans look with suspicion upon him. Unfortunately, 
many of our science courses tend to perpetuate this pic- 
ture. In his own way, the scientist is a very prejudiced 
person, and always in his own favor. It is a special 
form of prejudice, however, for it persists just long 
enough, but not so long as to continue beyond its use- 
fulness. Look, for example, at Faraday’s work. The 
induced current must exist, but it was never found. In 
the face of this evidence Faraday had two choices: give 
up the idea or try again. He tried again and again. 
The question is simply this: How long does the scientist 
cling to his hypothesis in the face of contrary evidence? 
If he keeps on in spite of the evidence, he does so because 
of his form of prejudice, a firm belief that he is just too 
good a scientist to be wrong. If one looks at modern 
science, one can see that this situation is not surprising 
in the least. Much of modern science depends upon 
experimentation in which the result can have but two 
forms: yes, or don’t know. If the bulb flashes, for ex- 
ample, the particle was there; if the bulb does not flash, 
it can mean only that either the particle was not there 
or that it was there but the equipment used could not 
detect it. Man asks questions of Nature and devises 
instruments to probe for the answers. But the instru- 
ment can only indicate answers to the particular ques- 
tions it was built to ask; it can give no answer if it was 
not built carefully, or if the scientist asked the wrong 
question of Nature. 

All humans are prejudiced, and scientists are no ex- 
ceptions. But, their prejudice in the field of science 
must be tempered for it should exist only so long as it is 
useful. Perhaps this ability to hold one’s prejudice long 
enough is one of the major features that can distinguish 
the real giants from the near greats. We may be amused 
at Priestley for clinging to his phlogiston theory, yet 
praise Faraday for clinging to the belief that currents 
can be induced and light affected by magnetic fields. 
Both were prejudiced, and it may be that only in retro- 
spect can we tell which was justified in clinging to his 
belief in the face of contrary evidence. 

These, then, are some of the characteristics of that 
particular human enterprise called science. If the gen- 
eral public has a vague feeling of distrust, that science 
is a monster that can bring destruction, it is in part the 
fault of the teachers of science who have never bothered 
to point out what science is. If the discoveries of 
science are evil, it must mean that Nature herself is evil, 
for science is largely discovering what Nature is. lew 
people would claim that Nature is inherently evil. 

If any of the above aspects of science are to be in- 
corporated in the school science courses (or any science 


JOURNAL OF CHEMICAL EDUCATION 


4 
4 
fr 
; 
x 
‘ 
bi 
as 
q 
al 
th 
Sl 
sl 
p 
t 
p 
{ 
p 
0 
te 
e 
; 
ae 
\ 
r 
1 
‘ 


t long 
ts use- 
The 
d. In 
give 
again. 
ientist 
dence? 
ecause 
ist too 
10dern 
prising 

upon 
it two 
for ex- 
; flash, 
there 
Id not 
levises 
nstru- 
ques- 
it was 
wrong 


no ex- 
cience 
1s it is 
e long 
1guish 
mused 
y, yet 
rrents 
fields. 
retro- 
to his 


f that 
e gen- 
cience 
rt the 
hered 
ies of 
s evil, 

Tew 


be in- 
pjence 


ATION 


course), it is obvious that something must be omitted 
from the already too crowded syllabus. No one should 
question the importance of including in any program the 
basic concepts out of which the fabric of science is 
woven. The fact that there will be some disagreement 
as to which concepts are basic is of only mild conse- 
quence: There are more than enough concepts to go 
around. Some states have already made drastic cuts in 
their traditional syllabi, and many study committees, 
such as the Physical Sciences Study Committee at 
M:ssachusetts Institute of Technology, have advocated 
such cuts. In some of these cases the weeding out of 
old material was merely to make room for more science 
facts about an atomic age, an age of wave motions, basic 
particles, and nuclear terminology. It seems difficult 
to justify the inclusion of all the semimodern tech- 
nology, whether atomic or classical in nature, that takes 
so uch time in all school science courses. Perhaps the 
practice of studying all the gadgetry of modern life 
stems from educational philosophy that subject matter 
must be drawn from the student’s experience. This 
philosophy may well have merit, but it does not require 
or even suggest that the student shall not be introduced 
to new ideas as yet outside his experience. To a certain 
extent, all education should strive to open new vistas, to 


show each individual that his experiences form but a 
very small part of reality. The student is, in fact, en- 
closed in a room, the walls of which represent the limits 
of his experience. Education must not merely examine 
that room in trivial detail; such investigation leads no- 
where. Education must open doors to show what lies 
beyond, thus broadening the student’s world of experi- 
ence. The student may see the exciting world beyond 
the limits of his previous knowledge. It is neither pos- 
sible nor necessary to take him by the hand through 
each door; it is enough to show him several doors, and 
then let him go where his own imagination and in- 
clination direct. 

Since science is a human enterprise, then it must be 
much more than the mere collecting of facts which con- 
cerns most of our science courses. Were we to teach 
something about science, about the people and the prob- 
lems that make science worth while and exciting, we 
might not find any need for forcing more science into 
the educational mixmaster. We could still operate in 
the conviction that education’s foremost goal in a free 
society is to set men free from the haphazard bonds of 
pure circumstance, and not all men will find their free- 
dom in the forced study of more and more science. 


A NEW ADDITION APPARATUS 


Appition of a solid reagent in small portions to a re- 
action mixture, particularly reagents which are sensi- 
tive to air and moisture such as lithium aluminum 
hydride and sodium hydride, is usually an awkward and 
troublesome procedure. 

Fieser! describes an apparatus for such addition 
which consists of an Erlenmeyer flask fitted to one of the 
tubulatures of the reaction vessel by a section of rubber 
tubing. The intermittent addition of the solid is ac- 
complished by raising the containing flask which can 
then be cut off from the system by kinking the rubber 
tube. However, several disadvantages are inherent 
in this method: the rate of addition of the solid is diffi- 
cult to control and condensing solvent vapors may 
clump up the reagent so that complete addition is pre- 
vented. 

Solids may also be added from a hopper provided 
with a glass valve as described by Webster and Dennis.* 
This apparatus is somewhat difficult to manipulate and 


does not prevent the solvent vapors from coming in con- © 


tact with the reagent. 

We have devised an addition apparatus which does 
not suffer from these disadvantages. As shown in the 
figure, it consists of two parts, A and B. The essential 
features of the apparatus are a half-moon plate sealed 


' Fraser, L. F., “Experiments in Organic Chemistry,’ D. C. 
Heath & Co., 2nd ed., New York, 1941, p. 311. 

?Wepster, 8. H., AND L. M. Dennis, J. Am. Chem. Soc., 55, 
3234 (1933). 
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into part B and the construction of part A in such a 
fashion that when it is fitted into part B, the open 
bottom fits snugly on the glass plate when in the closed 
position. In operation, the solid is charged into part 
A and moisture and air excluded by sealing with a 
ground-glass stopper. The rate of addition is con- 
trolled by rotating part A. In reactions where reflux 
is necessary, a straight condenser may be interposed be- 
tween the reaction vessel and the addition apparatus, 
thus preventing the wetting of the reagent with solvent. 

We wish to thank the Kontes Glass Company for 
construction of the original model. 
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THE ANALYST AND THE INCONSTANT 
CONSTANTS 


Tue analyst at his bench and the theorist at his desk 
are not always in agreement about the value of equilib- 
rium constants. The analyst, although familiar with 
the mass action law, does not often apply the constants 
of this law. He may calculate the pH value of a buffer 
solution, and he may consider a neutralization in a 
theoretically correct way. However, he does not trust 
a solubility calculated from a solubility product, and 
he seldom bases a complexometric titration on a theo- 
rectical calculation of the equilibrium concentrations. 
The reason for his standpoint seems clear. Simple 
equations are often based on dubious simplifications 
and do not give correct results; involved equations may 
give better results, but they are too awkward to handle. 

So the analyst is not very happy with his two alter- 
natives: a comprehensible and incorrect theory or an 
incomprehensible and correct, or approximately cor- 
rect, theory. 

It may be that I have exaggerated the conflict be- 
tween the theorist and the analyst; it does, however, 
exist, and the simple theories the freshmen are taught 
do not agree well with experimental data. 

Some examples may elucidate this situation. 

The solubility product of HgS approximately equals 
10—**. If the solubility is taken to be the square root 
of this value, a concentration of 10-* mole/]. will re- 
sult. This means that a single ion of mercury would 
dissolve in about 170 1. of water, a very dubious result. 
Even more dubious is the solubility of HgS in a 0.1 @ 
NaS solution if calculated in a similar way. The result 
is 10-*' mole/l., and some impertinent student might 
ask on what tremendously large planet can such a 
solubility be checked, since the dissolution of one single 
molecule of HgS would require several Tellus-volumes 
of water. 

Perhaps some other student—remembering the motto 
of a well-known textbook: “the theory guides, the 
experiment decides’—might try to determine experi- 
mentally the solubility of HgS in a 0.1 M NaS solu- 
tion. He will find 8 X 10~* mole/l., a value definitely 
not very close to the calculated value of 10-*' mole/. 

The theorist can, of course, easily point out the 
reason for this discrepancy. The mercury in the 
solution does not exist as Hg+? ions but combined with 
sulfide ions in complex compounds, Hg(SH), and HgS.~? 
according to some authors. Moreover, the hydrolysis 
of the sulfide ion and the influence of the activities 
have to be considered, although these effects are small 
compared to the influence of complex formation. 

No statement about the real solubility of HgS is 
thus possible solely on the basis of the classical solu- 
bility product, which represents only a “thermody- 
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namic truth,” and the same can be said for most other 
slightly soluble salts. The complex formation re- 
actions rule the solubility, and the problem is how to 
make the calculations as simple as possible. A way in 
which this can be done will be described later in this 
article. 

Still another example may be taken. Suppose, for 
instance, that a dilute zine salt solution is to be titrated 
with EDTA (ethylenediaminetetraacetate) in an «m- 
monia-ammonium chloride buffer solution. The usual 
theoretical treatment of a complexometric titration is 
based on the use of the pM concept corresponding to 
pH in neutralization reactions. In the example given 
pZn would be plotted as a function of the added volume 
of the reagent; a suitable indicator can be chosen when 
the calculated value of pZn.,. and the stability constants 
of the metal indicator are known. Such a theoretical 
treatment is particularly desirable if extremely dilute 
solutions are to be analyzed. 

The drawing of titration curves and the calculation 
of pZn at the equivalence point would be very simple 
if the zinc ions, the complexing agent and the product 
formed were the only components of the system. Hovw- 
ever, an analyst facing the problem of calculating the 
exact value of pZn.,. may feel somewhat uneasy. 
EDTA is a tetrabasic acid that forms a series of proton 
complexes; zinc forms complexes not only with EDTA 
but also with ammonia (possibly 6 complexes) and 
hydroxyl ions. Consequently, the calculation may de- 
mand consideration of more than a dozen equilibrium 
constants. 

Schwarzenbach (1) has shown how this problem can 
be solved in an elegant way. His method will be de- 
veloped further, and some examples will elucidate the 
problem from the point of view of the analyst. 


CONDITIONAL EQUILIBRIUM CONSTANTS 


The difficulties associated with the theory of chemical 
equilibrium are mainly due to the occurrence of side 
reactions that produce species not included in the 
scheme on which the analytical procedure is based. 
However, the analyst is little interested in knowing 
exactly the true concentrations of every species pres)it 
in his solutions. He is above all interested in the degive 
of completeness of the main reaction. When p'- 
cipitating a metal as its sulfide, he wants to know thie 
amount of the metal remaining in solution, but t/e 
nature of the various dissolved complexes is of le==:r 
importance. When titrating zinc with EDTA in 
ammoniacal solution, the analyst wishes to know hw 
completely the first two components react, but he is ):0t 
interested in knowing in what form zine has escaped 
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reaction (Zn*? ions or Zn-NH; complexes or Zn-OH 
complexes), nor does he require the exact concentrations 
of the various proton complexes of unreacted EDTA. 

One way of simplifying the calculations of the analyst 
is to employ “apparent” equilibrium constants. 

Such constants have been used previously in many 
connections, particularly as a way of applying activity 
corrections. For the treatment of complexation re- 
actions, their use has been recommended by Schwar- 
zgeubach (1), Yatsimirskii (2), Wehber (3), Ringbom 
(;, 5), and others. However, an apparent constant is 
a‘ tually not a constant, and the term is not very good. 
I. M. Kolthoff, in a private communication to the author, 
has suggested the term conditional constant, which in- 
dicates that the constant depends on the prevailing 
conditions. The author finds this term very appropri- 
aie and will use it in the following. 

As an example, the formation of a slightly soluble 
1:1 metal salt, MA, may be taken. The classical 
solubility product Px, is defined by the equation 


Pua = [M][A] (1) 


Charges have been omitted for clarity and the brackets 
denote molar concentrations. The activity concept 
will be discussed later. 

The conditional solubility product is then 


Py’s’ = [M’][A’] (2) 


The [M’] represents the concentration of all the metal, 
and [A’] the concentration of all the precipitating 
agent in solution irrespective of the form in which 
either is present. In an analogous way, the stability 
constant of a1 : 1 complex MA, i.e., 


[MA] 


Kua = (3) 


is replaced by a conditional constant 


[MA] 
Ku’,’ = 

MA {[M 4 [ A’) (4) 
where [M’] is the concentration not only of the M ions 
but of all the metal in solution that has not reacted 
with the complexing agent. In an ammoniacal solu- 
tion, for instance, we have 


[M’] = [M] + [M(NH;)] + [M(NH)2] + .. 


+ 
[M(NH;)] (5) 


In a similar way [A’] represents not only the con- 
centration of [A] ions but the concentrations of all 
species of the complexing agent not bound to the metal. 
In the case of EDTA, for instance, we have, using the 
molecular formula H,Y for the acid, 


[Y’] = [Y] + [HY] + [H:Y] + [HsY] + [H«Y] (6) 


The conditional constant thus gives the relationship 


between the quantities that actually interest the 


analyst: the concentration of the product formed 
[MA], the concentration of the unreacted metal [M’], 
and the concentration of the unreacted reagent [A’]. 
We come now to the following statement which is 
particularly important. If we have such a conditional 
constant relating to primed quantities, we can handle 
it in quite the same way as an ordinary constant. We 
cai, for instance, calculate solubilities, draw titration 
curves and determine [M’] at the equivalence point 
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without knowing the exact nature of the species con- 
tributing to [M’] and [A’]. In this way it is possible 
to treat even complicated systems in a very simple way. 

However, one detail—certainly not unimportant— 
yet remains. Where are we to get the numerical value 
of a conditional constant which varies with the ex- 
perimental conditions? Pugs’ will greatly depend on 
the acidity and on the concentrations of complexing 
reagents present; similarly Kz,-y will change if the 
pH or the concentration of the ammonia in the solution 
is changed. 

There would be very little advantage in using con- 
ditional constants if their evaluation were laborious 
and awkward. Convenient methods have been de- 
veloped that are based on the use of diagrams (Figs. 
1, 4,5). We shall use the coefficients a introduced by 
Schwarzenbach that are defined by the equations 


[M’] 
ou = (7) 


(8) 


Some authors, the present author included, have preferred to 


use the inverse of a, i.e., 8 = . The coefficient 8y is defined as 


a 
the fraction of the metal not bound to A that appears as M ions, 
whereas 8, is the fraction of the reagent not bound to M that 
appears as A ions. The log a and log § differ only in sign. 


In other words, a is a measure of the extent of side 
reactions. In many connections it is convenient to 
refer to it as the “side reaction coefficient.” If M 
reacts only with A in accordance with the reaction on 
which the analytical method is based, ax = 1, but if 
M is involved in some side reactions with other species 
present, then aw > 1. In an analogous way, a value 
of a, greater than unity indicates that A ions react in 
some way not assumed in the simple reaction scheme. 

The conditional constants can be calculated from 
the a values using the simple relationships 


Py's’ = amaaPya (9) 


and 
(10) 


Analogous equations can be written for salts and 
complexes formed from more than two ions. 

Of course, aw and a, are functions of the equilibrium 
constants, and it can easily be shown that the relation- 
ships are 


ama) = 1+ + + ... 4 (11) 
where L is the competing ligand, and 
aa) = 1+ [B])Kpa + + ... + [B}Apja (12) 


where [B] is the competing ion. 

The auc) thus denotes a side reaction coefficient 
accounting for the reaction between M and L, and 
@acs) & Side reaction coefficient accounting for the re- 
action between A and B. The K’s represent stability 
products defined by the equations 


[ML,] 


= 


103 102 10° 
Molarity of NH3 


Figure 1. Alpha-coefficients ay of Cu(II), Ag, Zn, and Cd Versus 
Molarity of [NH:] 


and 


[B;A] 
[B}[A] 


The [B] can also be the symbol of a hydrogen ion in 
the expression for aaj) (Eq. 12); Ku, is then the 
proton complexity product, i.e., the inverse of the 
product of the dissociation constants. 

Using Equations (11) and (12), it is easy to draw 
graphs that permit a simple determination of a values. 
In Figures 1 and 2 some curves for the determination 
of ay and a, are presented. 


= (14) 


8 
Q 


Figure 2. Alpha-coefficients a, of SO,-*, Ac~ (acetate), C:0.-?, 
(EDTA), S-? and I-? (Eriochromeblack T) Versus pH 
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The conditional stability constants of some bariu:n 
complexes are plotted as functions of pH in Figure 3. 

The curves illustrate clearly how the complexi).z 
abilities of the various reagents depend on the acidit... 
The true constant Ks. is a measure of this abili y 
only in very alkaline solutions (pH >11). 

Other curves illustrating the concept of conditio:,.| 
constants are given later in Figures 5, 6, 7, and 8. 

The analyst is often confronted in practice with t!e 
problem of calculating conditional constants for systeiis 
containing not one, but several complex forming coi- 
ponents. am and a, are then calculated from inii- 
vidual @ values by means of the equations 


am = + amam +... + (1 — n) (45) 
= aan + +... + (1 — 2) (16) 


The various interfering components are designated 
by Roman numbers, and n is the number of these 
components. The last term (1 — n) is due to the fact 
that [M] or [A] are considered in all the a terms, i.e., 
more than once. 

As a rule, the equations are used when complex 
formation is appreciable, i.e., one or several of the a 
terms are large (several powers of ten). Hence, 
(1 — mn) is small in comparison and can be omitted. 
We come thus to the following simple rule: 

The over-all alpha-coefficients ay and a, can be 
written as sums of the individual a coefficients. 

Often one of the a terms will predominate, and the 
other terms can be neglected. (See Examples 2 and 
3 below.) 


VALIDITY OF CONDITIONAL EQUILIBRIUM EQUA- 
TIONS 


Some disturbing factors not considered in the pre- 
ceding section will be treated here. 

Formation of Acid and Basic Metal Comple.es. 
When a metal ion reacts with a complexing agent, acid 
or basic complexes may also be formed. EDTA, for 
instance, forms MHY complexes with many metals 
in acid solutions. Similarly, MOHY complexes can 
be formed in alkaline solutions. 

Such reactions can be considered side reactions that 
interfere with the formation of normal complexes. ‘The 
question arises as to how these reactions will influence 
the conditional constants as defined above. 

If the analyst expects M and A to combine in the 
ratio 1:1, it is of little importance whether MA or 
MHA is formed. However, the equilibrium wil! be 
affected, since in the conditional equilibrium equation 
[MA] will be replaced by [MA] + [MHA]. 

In accordance with the previous notation, we «an 
write 


[MA] + [MHA] = [(MA)’] 17) 


{(MA)’] thus denotes the sum of concentration- of 
all species containing M and A combined in the r::tio 
1:1. The corresponding alpha-coefficient is 


[(MA)’] 


QMA(H) = [MA] = 1 (H ]Kuna (1S) 


where Kuna is the proton complexity constant of 
MHA, i.e., 


[MHA] 
Kuna = 
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Figure 3. Conditional Stability C tants of Vari 
plexes Versus pH (4, 6) 


Barium Com- 


DTPA = Diethylenetriaminepentaacetic acid. 
DCTA = Diaminecyclohexantetraacetic acid. 
EDTA = Ethylenediaminetetraacetic acid. 
NTA = Nitrilotriacetic acid. 


If a complex takes up several hydrogen ions, the 
expression for au, (Eq. 18) will contain more terms 
quite in the same way as the corresponding expressions 
for aw and a, (Eqs. 11 and 12). 

It follows that if consideration is given to the side 
reactions in which all the components MA, M, and A 
are involved, the conditional constant equals 


= (MAY _ awa Kua 


(20) 

In other words, when acid complexes are formed, the 
calculation of the conditional constant will be carried 
out almost as before. It is only necessary to consider 
a third a factor in addition to the two previous ones. 

The formation of basic complexes can be treated in a 
similar way, i.e., the constant Kus has to be multi- 
plied by amacony defined by 


= = 14 (0H 0) 


Kwoua = (22) 

Complexes containing more than one hydroxyl group 
will require the inclusion of additional terms in Equa- 
tion 21. 

Formation of Polynuclear Complexes. The formation 
of polynuclear complexes containing more than one 
metal ion complicates the calculation of equilibria 
somewhat. However, this complication should not be 
exaggerated. 

The solubility of a salt MA forming polynuclear 
complexes with an excess of M or A can be treated in 
the same way as described above, i.e., by using the equa- 
tion 


Pw's’ = amaaPua (23) 


The calculation of the values of au and ax is not 
beset with any difficulties. It may be mentioned that 
if MA is a slightly soluble salt, complexes containing 
many ligands will usually be formed only when the 
excess of A is considerable, i.e., ag 1. Ina similar 
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way polynuclear complexes M,;A (j 2 2) are usually 
formed only when [M] is large. Then ay & 1. 

The formation of M,A; complexes leads to slightly 
more involved equations if j and 7 are both 22. Even 
then ay will be a function of [A] only, and a, will be a 
function of [M] only, provided that the solid phase MA 
is present. The equations can be easily written; 
however, no details of the mathematical treatment will 
be given here. 

A compound MA can form polynuclear complexes 
also with ions other than M or A. The equilibrium 
situation will then be more complicated. If, for in- 
stance, aluminum reacts with a complexing agent in 
slightly acid solution, the calculation of the side re- 
action coeffi sent axon) May offer some difficulties 
since the degree of formation of polynuclear aluminum- 
hydroxo complexes depends on the total concentration 
of aluminum. 

The purpose of the above statements was to point 
out the cases where polynuclear complexes will compli- 
cate the calculations. It may be noted, however, that 
in very dilute solutions only mononuclear complexes 
are present and that the formation of considerable 
amounts of polynuclear complexes is usually limited to 
cases where the valency of the metal is 23. 


INFLUENCE OF ACTIVITY COEFFICIENTS 


The analyst is interested in concentrations, and the 
concept of activity represents an annoying disturbance 
in his equations. Particularly advantageous is to 
operate not with thermodynamic equilibrium constants 
but with concentration constants. In fact, the stability 
constants of most complex compounds are nowadays 
determined as concentration constants at a defined 
ionic strength. It may be emphasized that activity 
coefficients usually change considerably between the 
ionic strengths zero and 0.1, but they do not change 
very much in the range between 0.1 and 0.5—a range 
often used by analysts. The corrections to be applied 
are, therefore, often very small and can be neglected. 
This can be seen from Figure 4, where approximate 
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Figure 4. Diagram for Transforming Activity Constants into Con- 
“ai Cc ba 


corrections for ions of various types are plotted as 
functions of ionic strength. 

Only for ions of very high charge is the leveling-off 
range not attained at an ionic strength slightly exceed- 
ing 0.1. 
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THE USE OF CONDITIONAL CONSTANTS IN CHEMICAL 
ANALYSIS 


General Rules. There is little need of rules for the 
use of conditional constants in analytical work since 
the very reason for introducing these constants was 
that they could be treated in exactly the same way as 
the usual constants. Therefore, only a few general 
comments will be made. 


| 


/ 
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8 
pH 
Figure 5. Eriochromeblack T as an Indicator for Mg According to 
Schwarzenbach and Biedermann 


The solubility of a metal salt MA in water is thus 
given by +/Py;’,’ and the same expression gives also 
[M’] (and [A’]) at the equivalence point of a precipita- 
tion titration. 

At the equivalence point of a complexometric titra- 
tion the concentration of the unreacted metal is 


[MA] 24 
(24) 
If M and A form several complexes in the same molec- 
ular ratio (e.g., acid or basic complexes) the value of 
[M’] at the equivalence point will be 
M’] = [(MA)’] 2 
Koay’ ’a’ 

Metal Indicators. A treatment of the theory of 
metal indicators on the basis of conditional constants 
illustrates particularly well the advantages of such 
constants. 

In the simple case of an indicator acid, mono- or 
polybasic, forming a colored complex MI, the color 
change occurs when [MI] = [I’]. The corresponding 
pM’ value is 


[M’] = 


‘pM’ = log (26) 


In other words, the logarithmic conditional constant 
gives pM’ directly at the color change point. In 
Figure 5 the properties of Eriochromeblack T as an 
indicator for magnesium are presented on the basis of 
values reported by Schwarzenbach and Biedermann 
(7, 8). Since magnesium does not form appreciable 
amounts of side reaction complexes ay is taken = 1, 
ie., Kye’ = The coefficient ar = a A) is 
calculated from the dissociation constants (Fig. 2). 

A diagram of the type given above shows the be- 
havior of an indicator in a perspicuous way. However, 
the presence of buffers forming metal complexes may 


affect considerably the shape of such curves. (Sve 
Example 3 below and Figure 8.) 

The general rule for choosing a suitable metal indi- 
cator can be expressed by means of the equation 

1 Ky’ 
[M’ 


[MA] (27) 

Slightly more involved equations are required wh:n 
the indicator forms metal complexes containing more 
than one ligand. If, for instance, a complex MI, is 


formed, [M’] at the color change point will be 
pM’ = log (Ku‘1’ + 2[I’]Ku't’2) (28) 


Consequently, the point of color change will not re- 
main constant but will depend on [I’], i.e., on the con- 
centration of the indicator. Details of this case have 
been discussed by Schwarzenbach (9). 

Stepwise Reactions and Masking. If a reagent reacts 
with two metals to form the compounds M,A and M,,A 
with known stability constants, and if no side reactions 
interfere, it is very easy to decide whether a stepwise 
titration is possible. 

The necessary condition is that the two constants 
Ky, and Ku,a differ sufficiently in magnitude. The 
minimum difference depends to some extent on the 
concentrations, but is (in visual titrations) usually 
3-4 logarithmic units. There is no difficulty in draw- 
ing exact titration curves plotting pM: and pMn 
(or pA) as functions of the added amount of reagent. 

If, now, the conditional constants Kyuy and Ky), 
are known, the problem will be exactly the same from 
the mathematical point of view. Consequently, the 
difficulties of the analyst will be eliminated in a high 
degree. A quite general and very simple treatment 
can always be applied to solve the problem provided 
the analyst is able to calculate the values of the con- 
ditional constants. 

One detail may in this connection be clarified. If 
a metal M; is to be titrated with A in the presence of 
Mr and if no other side reaction occurs, the conditional 
constant is given by 


Kua Kua 
1+ 


Kua’ = (29) 


That is, 
log Ku,a’ ~ A log K + pMu (30) 


or in words: When a metal M, is titrated in the presence of 


4 é 


Figure 6. Conditional Solubility Products of BaSQ, in Solutions of 
Various Complexing Agents in 0.01 M Concentration 
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Mu, the logarithmic conditional constant equals the dif- 
ference between the logarithmic stability constants of the 
two complexes increased by pMu. It is assumed that 
[Mu]Kuna > 1. 

Applications of this important rule are given later in 
Examples 2 and 3. 

The rule explains a puzzling phenomenon noticed by 
many analysts: The color changes of many complexo- 
metric titrations do not lose in sharpness on dilution. 
(Under some particular conditions even a gain can be 
observed.) The explanation is that according to 
Equation (30) and hence log increase on 
dilution. 

Masking can be considered a way of changing the 
yalue of a conditional constant. The difference be- 
tween two conditional constants is made so large that 
one component reacts almost completely while the 
other does not react appreciably under the prevailing 
conditions. Thus, if a precipitation reaction is to be 
masked, the corresponding solubility product Pwyya: 
has to be made sufficiently large, roughly >10-?, 
while the solubility product of the other salt Py’ 
has to remain sufficiently small, approximately <10~’. 
For complexation reactions, corresponding conditions 
are valid. As rough limits we may take a value of 
Kya’ < 10? to represent a more or less masked re- 
action, while Ky, > 10’ represents an approximately 
quantitative reaction. 

Some examples illustrating the use of conditional 
constants will be given in the following. 


EXAMPLES OF THE USE OF CONDITIONAL CONSTANTS 


Example 1. Plot the conditional solubility product of barium 
sulfate as a function of pH in a solution containing 0.01 mole of 
EDTA per liter (+ the amount of BaY possibly formed). How 
many milligrams of BaSQ, will dissolve in a liter at pH = 8.0? 


= 10—10.0; Keay = 107.76 


Pxa’sow’ = apaagos Besos 


@Y(H) 4 


= 1+ [Y]Kpay = 1 + 


where Y’ = 0.01. The coefficients ayia) and ago, = aso 
are obtained from Figure 2. 

These calculations yield the curve in Figure 6. 

At pH = 8.0, = 10-*5 and the solubility 
= mole/l., i.e., 130 mg./I. 

Activity corrections can be applied by means of Figure 4 if 
the ionic strength (due, for instance, to buffer substances) is 
known. Pago, is an activity constant, Kpay is determined at 
an ionic strength of 0.1. 

The conditional solubility products of barium sulfate in solu- 
tions of some other complexing agents are also shown in Figure 6. 

Example 2. A chemist wishes to determine aluminum (+ 
Fe(III)) in cement by complexometric titration with EDTA at 
pH ~ 4.5(10). The concentration of aluminum is about 10-* M. 
Will calcium and magnesium interfere when present in the ap- 
proximate molar concentrations 3 10~? and 10~%, respectively? 


log Kary = 16.1; log Keay = 10.7; log Kugy = 8.7 


1 at the low aluminum ion concentration 


the equivalence point. 
ay = + ay(Ca) + 
aya = 107 (from Fig. 2) 
ay(ce) = 1 + [Ca]Keay = 10%? 
aye = 1+ [Mg]Kuey = 


@y ‘cay predominates, i.e., the over-all coefficient ay ~ ay(ca) 
= 1().2 
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Figure 7. Conditional Constants of the Ca, Mg, and Zn Complexes of 
EGTA as Functions of pH at Various Concentrations of [NH;| + [NHj). 
Only Kz,’x’ depends on [NH:] 


Consequently, 


10'6.1 
Katy’ = 10%? = 


If Ca and Mg are not present, the apparent stability constant 
16,1 
= 10°, Magnesium does not affect this value, 


Ka'y’ = 
but calcium reduces the constant to 10*-%, a value so small that it 
will be difficult to get a sharp end point. (The interference can 
be eliminated by precipitating the bulk of calcium with an excess 
of sulfate: a simple calculation shows that ayca) will then be 
smaller than 

Example 3. The curves in Figure 7 and Figure 8 taken from 
(11) illustrate the conditional stability constants of the calcium, 
magnesium, and zinc complexes of EGTA (ethyleneglycol-bis- 
aminoethyleter-N,N,N’,N’-tetraacetic acid = H,X = Chel 
DE), a reagent synthesized by Geigy AG and introduced by 
Schwarzenbach (12), and the conditional stability constants of 
the zinc complex of Zincon (2-carboxy-2’-hydroxy-5’-sulfo- 
formazylbenzene), a zine reagent introduced by Yoe and Rush 
(18) and as indicator by Kinnunen and Merikanto (14). Calcu- 
late whether a titration of Ca in the presence of Mg is possible 
with a virtually sharp end point when zincon (+ ZnX) is used 
as indicator. 

Zincon serves as an indirect indicator, i.e., the blue color of the 
zinc-zincon compound has to disappear close to the equivalence 
point. It is advantageous if Kz, ’x’ is a little, but not too much, 
smaller than Kc,x’. Zinc then reacts immediately after calcium, 
and the end point is sharp. 

Titration of Ca in the absence of Mg. From Figures 7 and 8 it 
can be seen that a pH value of 9.5-10 (e.g., a borax-NaOH 
buffer) and an ammonia concentration of 0.02—0.05 is suitable. 

A good basis for choosing the experimental conditions is the 
following equation: 

Kcax’ 
pCaeq. = pZn’ + log Kzn'x’ + log (CaX| 


obtained by combining the expressions for the two stability con- 

stants. pCac,q., calculated from Equation (24), is 6-7, i.e., of the 

same order of magnitude as pZn’ (from Fig. 8) at the color change 

point. Since 2%" = 10 it follows that [ZnX] has to be ad- 
Zn X 

justed to about one-tenth of [CaX]. A very distinct color 

change can be expected. 


287 


= 
8 AN 
Mm TAL 
s 
73 
0 
4 6 8 = 10 12 
(29) ‘ 
(30) 
sence of 
% 


yellow orange-red 
8 
Le 
N 
3 \ 
3 
4 me \S 
\ 
\ 
5 3 
7 8 pH 11 1 
Figure 8. Conditi 1 Constant of Zinc-Zincon = Kz,/;, as Function 


of pH at Various Concentrations of [NH;] + (NH;] 


The branch illustrating precipitation of Zn(OH): refers to small or no 
amounts of 


The figures show, furthermore, that the determination is not 
possible in the presence of large amounts of ammonia. 

Titration of Ca in the presence of Mg. If Mg is present, 
ax(Mg), being larger than ax: will predominate. [Mg] is as- 
sumed equal to 10-%. . 


= 1 + [Mg]Kuex ~ 10-*1052= 10? 


This means that log Kcax’ and log Kzn’x’ will be lowered by 
about 2 units and pZn’.q. by about 1 unit. This change does 
not considerably affect the sharpness of the end point. 


Example 4. Silver forms complexes in high chloride concen- 
trations. Calculate the solubility of (a) AgCl, (b) AgBr, (c) AgI 
in a molar solution of NaCl. 


Pager = 107%; Pager = 10-19; = 10-16.08 


(thermodynamic values). The activity coefficient of a univalent 
ion at » = 1 is approximately 0.66, i.e., A log K = 0.36. 

The stability constants of the Ag-Cl complexes given by Berne 
and Leden (15) and transformed into concentration constants 
are used. Hence 


= 1 + + [Cl]?10%7 + [Cl]3104%8 + 


ie., for Cl = 1 is aagccy = 105-5, and the conditional solubility 
products are; 


Pag'cr = 107*9, = 10-64, Pag’) = 107102 


The solubility of AgCl is 10-3.9 = 17 mg./I. 

The solubility of AgBr would be 1/10-*4 = 10-*.2 if no solid 
AgCl were formed. However, the solubility of AgBr in the sys- 
tem is higher than the solubility of AgCl, and hence the silver 
from dissolved AgBr will precipitate as AgCl. Conversion of 
AgBr into AgCl will occur until 


[Br] = [Cl] = 10-25 


The solubility of AgI is 10-2 = 10-51 = 1.9 mg/l. No 
AgCl will precipitate. (Some formation of mixed crystals has not 
been taken in consideration.) 


CONCLUSION 


The above discussion of conditional constants and 
their use has been confined to analyses based on a 
main reaction between only two components forming a 
compound MA. On the other hand, appreciably more 


complicated interfering side reactions have been treatec. 
It may be mentioned that there is no difficulty in writin; 
equations for the case where the product of the main 
reaction also contains more than two components. How- 
ever, in order to make the treatment as simple as pos- 
sible, the author has intentionally omitted these equ:- 
tions. 

Teachers of analytical chemistry sometimes explain 
to students that only one law is required in the theory 
of analytical chemistry: the mass action law. Even if 
this were true, all the interfering components of a 
system often make the theoretical calculations ex- 
tremely awkward. The difficulties can be largeiy 
eliminated by the use of conditional constants. The 
equilibrium equations are kept simple, and the es- 
sential task of the theorist is to “prime” the constants. 
This can be done by fairly simple graphic methods. 
Unfortunately, values of many important constants 
are still lacking, and the known values are often dif- 
ficult to find in the literature. A comprehensive and 
reliable collection of stability constants would there- 
fore be extremely valuable. The new compilation by 
Bjerrum, Schwarzenbach and Sillén (16) being pub- 
lished by the Chemical Society in London under the 
auspices of IUPAC will thus be particularly welcome 
to analysts. 

In the author’s opinion, these tables will greatly 
facilitate the general use of “conditional constants.” 
A collection of graphs presenting important a@ values, 
would be a further step toward mastery of the theory 
of chemical analysis. 
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THE LENGTH OF THE LIQUID RANGE FOR A 
PURE SUBSTANCE: A MOLECULAR 


INTERPRETATION 


Tue thermodynamic conditions which must be satis- 
fied during phase transitions [the equilibrium criterion 
(AF = 0), and the Clapeyron equation for the slope 
dp dt] are well recognized and often utilized by most 
chemists. Less well understood are the molecular in- 
terpretations for the magnitudes of the increments in 
the thermodynamic functions and the consequent rela- 
tions between the properties of molecules (such as mass, 
symmetry, polarizability, dipole moment, etc.) and the 
gross behavior of material (such as the melting point, 
length of the liquid range, vapor pressure at the triple 
point, ete.). Empirical correlations have been sought, 
and a host have been proposed during the past cen- 
tury,' but in elementary physical chemistry it is clearly 
inadvisable to present empirical relations without con- 
currently outlining qualitative justifications. It is the 
object of this note to call attention to a simple analysis 
which can be given near the end of the first year of 
physical chemistry, provided the course included some 
thermodynamics and discussions of molecular structure. 
There are no novel thermodynamic relations evolved 
herein, nor are the deductions startling; however, it 
serves aS an interesting exercise with the Clapeyron 
equation and calls for a general analysis by the in- 
structor of the molecular basis for the magnitudes of 
enthalpy and entropy increments during phase changes. 


THERMODYNAMIC CONDITIONS 


The equilibrium criterion for any change at any 
specified constant pressure and temperature, and hence 
in particular for a fusion or vaporization process, is 
given by 

AA = TASiy, (1) 


The “normal” points are defined as those which occur at 
the selected reference pressure (one atmosphere) hence 


AH°®, 

Ta» = aS®,’ 

The superscript (°) thus refers to a change which occurs 

when each of the constituents is at the equilibrium 

temperature and under the designated pressure accepted 

by convention as the reference state, usually one atmos- 
phere. If we define 

= AS®, 
8 = (3) 


the reduced range for the liquid state (under the standard 
pressure) is 


T Tome 


Tu, =1-—-8/a (4) 
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Empirically, both a and @ are larger than unity. How- 
ever, it is significant that (a) only the ratio of these 
quantities appears, and (b) for practically all sub- 
stances B/a < 1, with typical values ranging from 0.3 
to 0.7. Rarely does this ratio approach unity, under 
which circumstances the substance has no liquid range 
under the specified pressure. Under any other pressure 
the enthalpy and entropy increments will in general be 
different from those which appear in (3), and the sub- 
stance may exist as a liquid (CO, and UF. are good 
examples). 


(at 


Figurel. A Portion of the Solid-Liquid-Vapor Phase Diagram 
for a Pure Substance 


The vapor pressure at the triple point is an interesting 
characteristic of a pure substance, in that it is a measure 
of free energy of the substance at a unique (p,7') point. 
Assuming that the vapor behaves like an ideal gas, the 
triple point pressure is specified by equating the in- 
tegrated Clapeyron equations for branches (2) and (3) 
of the typical phase diagram, Figure 1. 

48". _ SH": in @ 
However, due to the steepness of curve (1) [d7'/dp = 
AV ,/AS; is very small], one may set 7* = 7’, and in- 
troduce an error which is negligible for our purposes. 
Hence, 
AH°, AS°; 
* = = 
In p atm. R [1 As®, | 
=> 10.5 (1 — a/§), for “normal” liquids* (6) 

1 PartinetTon, J. R., “An Advanced Treatise on Physical 

Chemistry,’’ Longmans, Green & Co., Inc., London, 1951, Vol. 


II, pp. 273, 283, 295; ibid., 1952, Vol. III, pp. 364 ff. 
? Ibid., Vol. II, p. 361. 
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Here the inverse ratio appears; since a/8 > 1, generally 
is a small number. However, when ap- 
proaches unity, p* approaches one atmosphere. Nei- 
ther (4) nor (6) have any meaning when 8/a > 1, since 
under these circumstances the temperatures in (2) are 
not properly defined. 


INTERPRETATIONS AT THE MOLECULAR LEVEL . 


Now turn to a molecular interpretation of the quan- 
tities a and , and of the significance of the fact that 
generally 8/a is less than unity. Both a and £ are 
larger than one because for both the enthalpies and the 
entropies a much greater change occurs in the im- 
mediate environment of each molecule when the 
assembly goes from the liquid but still condensed state 
to the gaseous state, as compared to the change in 
going from the solid to the liquid state. Here then is an 
excellent example of the importance of the “degree of 
ordering” for molecules. In the solid, there are both 
short and long range order, but in the liquid only short 
range order persists. Liquefaction which breaks down 
the long range order requires the restoration of a rela- 
tively small portion of the total intermolecular energy of 
the system. This is due to the steep shapes of the inter- 
molecular attractive and repulsive potentials; the im- 
mediate neighbors and next-adjacent neighbors contrib- 
ute most of the energy. In Figure 2, the qualitative 


Potential Energy /mole (Isothermal) 


Gas 


on the temperature 


Boundaries depend 


Figure 2. Qualitative Dependence of the Potential Energy per Mole 
on the Molar Volume for a Pure Substance 


dependence of the potential energy of a typical sub- 
stance is plotted against its molar volume.* Start with 
the gaseous state (large 9); as the volume of the 
assembly is decreased, the attractive interactions be- 
tween adjacent molecules begin to increase sharply 
when the total volume has been reduced to roughly 
twice the liquid volume. On further decrease of the 
volume, the slope of the potential energy curve gets 
smaller and eventually becomes zero, because the much 
steeper repulsive interactions overbalance the attractive 
forces. 

The relative magnitudes of the entropy increments for 
fusion and vaporization reflect corresponding increments 
in the release of constraints on the inter- and intra- 
molecular motions. Compare the processes: f (fusion) : 
A molecule is transferred from the solid state wherein 
translational, over-all rotational, and internal rotational 


3 Wivom, B., J. Chem. Phys., 26, 887 (1957). 
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motions are almost completely hindered, to the liquid 
state, wherein it has relatively free translational po-si- 
bilities but is still highly limited in rotational motions, 
v (vaporization): Amolecule is transferred from the liquid 
state, as described above, to the gaseous state wher: in 
it is almost completely liberated from the restrict ve 
influence of its neighbors. For each state, the over-all 
relative tightness of packing plays the crucial role. 
Rough estimates for ‘“‘normal’’ liquids consisting of \in- 
symmetric molecules suggest that configurationally ‘he 
liquid state is about '/3 of the way from the solid to ‘he 
gas; energetically it is about '/; of the way between 
these extremes. Thus, both a and £ are greater than 
unity but B/a < 1. 

The particular value of 8/a depends on many factors: 
the nature of the bonding in the solid (ionic vs. molecu- 
lar); in the former, the charges and radii of the positive 
and negative ions; in the latter, the dipole and quadra- 
pole moments of the molecules; in all cases, the masses 
and polarizabilities of the units which comprise the 
solid and liquid states, etc. A brief summary has been 
given by Ketelaar.* 

Of special interest here are those systems which have 
a particularly short liquid range under a pressure of one 
atmosphere (i.e., 8B/a — 1). Generally this occurs 
either when the enthalpy for vaporization (AH°,) is 
small relative to AH°,, or the entropy of fusion (AS°,) 
is smaller than usual. As is well known, the entropy of 
vaporization is not far from 21 units (Trouton’s rule). 
Larger values appear in molecularly bonded (hydrogen 
bonded) liquids, but in these systems the effect is more 
than compensated for by a corresponding increase in the 
enthalpy of vaporization, so that such liquids exhibit 
a long liquid range. The smaller than usual heat of 
vaporization and the smaller than usual entropy of 
fusion go hand in hand for highly symmetric molecules. 
In the solid, many equivalent configurations are then 
permitted, due to the large number of possible permuta- 
tions of the individual molecules (since there are many 
equivalent orientations for each). A similar situation 
is also characteristic of the liquid phase. Hence, when 
such a solid melts, there is little gain in the configura- 
tional entropy, and AS°, is smaller than usual. Along 
with this effect, molecules which have a high symmetry 
have no permanent dipole moment, and in particular if 
the outer atoms are of low polarizability such as fluorine, 
there are only weak intermolecular forces which hold 
the assembly in the condensed phase. For these sys- 
tems, the heat of vaporization is smaller than usual, «nd 
as a consequence, the liquid exists over a short range. 
Additional possibilities for many equivalent configira- 
tions exist in molecules in which there are relatively low 
barriers for internal rotation of symmetric groups about 
the single bonds through which they are attached to the 
rest of the molecule. The over-all symmetry e!ect 
on @ is demonstrated by the length of the liquid range 
for the sequences CF,, CF;Cl, ..., CCl, CHCl, ete. 
The additional consequences of internal equivalence re 
illustrated by a comparison of the isomeric pentanes «ind 
octanes (Table 1). Note that 8/a is considerably 
closer to unity for the more symmetric structures. 

The role played by polarizability (and atomic railii) 
is illustrated in Table 2, but other factors enter which 


‘Kerezaar, J. A. A., “Chemical Constitution,’’ Elseviet 
Publ. Co., Amsterdam, 1953, pp. 87, 344, 367 ff. 
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TABLE 1 
a and 8 Values as Influenced by Molecular Symmetry 


AS°; 


(cal./ Liquid range 
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No 
= 
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N eo-C;H 12 


2-2-3-Methyl pentane 
2-2-4-Methyl pentane 
2-3-3-Methyl pentane 
2-2-3-3-Methyl butane 
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enzene 
Cyclohexane 
Toluene 
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* Data from: “Selected Values of Properties of Hydrocarbons,’”’ N.B.S. Circular C461, U. S. Govt. Printing Office, Washington, D. C., 


November, 1947; ‘Selected Values of 


hemical Thermodynamic Properties,’ N.B.S. Circular 500, U. 8. Govt. Printing Office, Wash- 
ington, D. C., February, 1952; and subsequent correcting circulars. 


TABLE 2: 
a and 8 Values as Influenced by Polarizability 


Tamp 
(°K.) 


89.5 
363 .3 
182.9 
205. 


89.9 
173.1 
161.8 
240.4 


ynamic valu 


1.88 


not available. 


* Under 1320 mm. Hg pressure. 
> Under 780 mm. Hg pressure. 


destroy the simple correlation between the atomic 
polarizability of the external atomic shell and the re- 
duced liquid range. In general, 8/a is closest to unity 
for the symmetric fluorides; in addition to those listed, 
the tetra fluorides of sulfur, zirconium, and hafnium 
have very short liquid ranges. The same is true for the 
pentafluorides of phosphorus and iodine, the hexa- 
fluorides of molybdenum, tungsten, and uranium, the 
heptafluoride of iodine, and TesFy.5 Further 
analysis of selected homologous systems will prove a 


worthwhile exercise for the student, for obviously there © 


are cases which are not accounted for merely on the 
basis of symmetry and polarizability. For example, 
compare (in Table 1) 2-3-3-trimethyl pentane with the 
other octanes. Whereas this isomer shows the expected 
8/a ratio, it has surprisingly low values for AH°, and 


* Brewer, L., Fusion and Vaporization Data on the Fluorides, 
Chap. 7, “The Chemistry and Metallurgy of Miscellaneous 
L. L. Editor, McGraw-Hill Book Co., New 
fork, 1950. 
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AS°,; of course, 2-2-3-3-tetramethyl butane has the ex- 
pected short liquid range. 

The above analysis may be applied to ionic com- 
pounds, such as the metal halides and oxides. However, 
much of the published data, unless of recent origin, 
should be regarded with suspicion, since it has been 
demonstrated in some of the systems reinvestigated that 
the vapor consists of more than the simplest monomeric 
species. In particular, it is not known which of the spe- 
cies are involved in the sublimation and vaporization 
steps for the trihalides of indium, chromium, and 
scandium. 

Not much can be said about the molecular interpre- 
tation of the sharpness of phase changes. They occur 
by the formation of “nuclei” and the growth of domains 
of the new phase at the expense of the old, at the sur- 
faces of these nuclei. With respect to the solid-gas and 
liquid-gas transitions, dynamic equilibria may be 
readily visualized involving individual molecules, the 
motions of which are random and essentially independ- 
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AH®,; AH?®, 
T amp (keal./ (keal./ mole mole T'abp— 
Compound (°K.) (°K.) mole) mole) a deg.) deg.) B/a Tomp 
CF, 89.5 145.1 01 14 55.6 
CF;Cl 91.6 192.0 i 100.4 
CF.Ch 118. 242.7 84 124.7 
162.7 296.8 50 134.1 
250.3 349.9 15 99.6 
CCl;H 209.7 334. «124.3 : 
176. 313. 87 137. 
CCIH; 175.4 248.9 07 73.5 
CH, 90.7 111.7 1421. 
n-CsHie 143.4 309.2 58 165.8 
113.3 300.9 74 187.6 
256.6 282.6 2406. 
160.9 382.9 32 222. y 
165.8 372.3 49 206.5 
172.5 387.9 45 215.4 
373.8 379.4 86 5.6 i 
278.7 353.2 74.5 
279.7 353.8 89 74.1 
178.2 383.7 65 205.5 
(cal./ (cal./ Liquid 
Com- | | Te (keal./ (keal./ mole mole range 
pound _ (°K.) mole) mole) a deg.) deg.) 8 B/a Tabp-T amp 
CF, 145.1 0.167 3 18.02 1.87 20.7 11.06 0.614 55.6 : 
CBr, 460. 0.98 10 10.62 2.70 22.6 8.36 0.787 96.7 : 
SiF, 182.92 1.69 4 2.64 9.2 24.4 2.65 =1.0 Siete 
SiCl, 330. 1.84 7 3.81 9.0 21.2 2.35 0.617 125.0 
C:H¢ 184.5 0.683 3 5.14 7.60 19.06 2.51 0.488 94.6 
C.F, 194.9 0.642 3 6.02 3.71 19.79 5.33 0.885 21.8 
C.H;3F3 >224. 1.48 4 3.10 9.1 20.42 2.25 0.726 >62. 
C2H;Cl; 347.2 0.8 =8 1 3.3 27.8 8.42 0.84 106.8 
SioF, 254.5 254. 5° 3.5 6 13.8 25.9 1.88 =1.0 ion 
C2Cle No liquid range; thermod| 


Figure 3. Typical Shapes for the Molar Free 
Energy Surfaces tor a Pure Substance, as a Function 
of Pr and Temperat 


The intersections of those smooth surfaces which .t 
each p and T involve the pair which is lowest in fr--e 
energy {along curves [1], [2], and [3] } projected onto the 
(p,T) plane produce Figure 1. The common intersect): » 
three planes projects to (p*,7*). Intersections alo 
4, 5 © do not correspond to real transitions, since th y 
invoive thermodynamically unstable phases. 


the system are constrained to the lowest of 
the free energy surfaces. Phase changes 
occur when the representing point crosses 
an intersection line. Its path suffers a sud- 
den change in slope. It is this feature which 


T* 


ent of one another. Nucleation processes control the 
rates, and the principal energy barrier opposing nu- 
cleation, particularly in liquid phases, is the free energy 
(surface tension) at the interface. To account for some 
transitions between two solid phases necessitates the 
assumption of “cooperative phenomena”; i.e., long 
range order is established, altered, or broken due to the 
concurrent, almost synchronized movement of large 
groups of molecules. Specifically, in melting, a critical 
amplitude in the oscillatory motions of the molecules 
must be reached before this coherent mass motion can 
occur; this minimum amplitude is attained at a charac- 
teristic minimum temperature. 


FREE ENERGY SURFACES 


Finally, it will prove worth while to call attention to 
the geometrical relation between the well-known (p, 7’) 
plot, Figure 1, and the surfaces which chart the depend- 
ence of the free energy function for a pure substance on 
pressure and temperature, Figure 3. Each state of the 
system is specified by a point on one of the surfaces 
shown. The locus of points which correspond to 
equilibrium is a surface which possesses a number of 
distinctive features, that is, ridges, peaks, etc. The 
latter are generated as follows: The free energies for 
each phase of a pure substance may be represented by a 
smooth surface, but for each of these surfaces the slopes 
change in a characteristic and distinctive way: 


When two surfaces intersect, a curve is generated along 
which the equilibrium condition permits both phases to 
coexist; occasionally, three surfaces intersect (at a 
point), and there three phases may coexist. The points 
which describe the allowable equilibrium conditions for 


makes phase changes so sharp for a pure 
substance, when its state moves along a 
path either of constant pressure or con- 
stant temperature. Figure 1 is simply the 
projection of the intersection lines and points 
of these free energy surfaces onto the (p, JT) plane. One 
explanation as to why phase changes of the “second 
order” are not sharp is that in those instances the free 
energy surfaces characterizing the two phases intersect 
with the same slope but with different second deriva- 
tives.® 

The critical point for the liquid-vapor transition is 
not shown in Figure 3; it lies on the extension of curve 
[3]. The classical principle of continuity of states re- 
quires that the gas and liquid free energy surfaces com- 
prise a single, analytically continuous surface which in- 
tersects itself along [3] for (p, 7) below the critical 


point but is single valued above p,, T.. Refer to Figure 
4 for a qualitative sketch of the vicinity of the liquid- 
gas critical point. The possible existence of a critical 
point for the solid-liquid transition has been considered, 
but no experimental evidence to support this has yet 
been presented. 


F(p,t) 


7 


Figure 4. Qualitative Shape for the Free Energy Surface in the Vicinity 
of the Critical Point 
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SATION 


A TREATMENT OF ENTROPY AND THE SECOND 
LAW OF THERMODYNAMICS USING A 
MINIMUM OF CALCULUS 


Tus experimental basis of the second law of thermo- 
dynamics, particularly in the form stating that under no 
circumstances will heat flow spontaneously from a cold 
to a warmer reservoir, is simple enough to be readily 
grasped by most students, but the mathematical pro- 
cedures by which we can argue from this to obtain 
conclusions about spontaneous processes in general 
are not simple or easily understeod. This becomes 
a real problem in connection with physical chemistry 
courses designed for students with majors other than 
chemistry, which may attract students with quite 
poor mathematical preparation. The following treat- 
ment has developed out of such a course given by 
the author at the University of California at Los 
Angeles. The fact that most of the students had not 
had calculus necessitated major simplifications, with 
corresponding losses of precision, from the standard 
treatments, but most of the equations withstood the 
transformation from d’s to A’s surprisingly well. The 
following outline of one possible approach may be help- 
ful to others who find themselves in a similar situation. ! 

It is, of course, not possible to avoid completely the 
use of calculus concepts. For instance it is necessary 
that the students be familiar with exponentials and 
logarithms, and understand that an exponential func- 
tion arises naturally whenever the change in a quantity 
is directly proportional to the quantity itself. For- 
tunately an earlier discussion of radioactive decay 
affords an easy method of introducing these ideas and 
giving the student some practice with them. 


THE DEFINITION OF TEMPERATURE 


The definition of temperature has two parts: first, 
that two bodies have the same temperature if no net 
heat is transferred in either direction when they are 
placed in contact, and then the quantitative designation 
of 2 temperature scale. The definition of temperature 
in terms of the maximum work obtainable requires us to 
discuss first the second law in terms of qualitative tem- 
peratures only. This can be very confusing, so for the 
present purposes it is better to make the ideal gas law 
the fundamental definition of the absolute temperature 


‘For students planning to go on in chemistry it is probably 
best to introduce calculus as early as possible, any increased 
confision on certain derivations being overbalanced by increased 
familiarity with the mathematics of further derivations. How- 
ever, especially with the increasing applications of physical 
chemistry in less mathematical fields such as biology, there are 
groups of students who are not likely to require advanced 
mat!ematics in further courses, for whom the type of presenta- 
tion outlined here may prove valuable. 
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scale. The definition of temperature in terms of ideal 
gas behavior will fit in well with a discussion of gases 
and the kinetic theory which can be taken up before 
thermodynamics. 


THE FIRST LAW OF THERMODYNAMICS 


The idea of conservation of energy, the expression 
of this fact in terms of the equation AE = q—w, and the 
definition of enthalpy, H = E + PV, should not cause 
very much trouble, and can be used to give the student 
some familiarity with thermodynamic quantities and 
with thinking in terms of energy. The calculation of 
the work done in expansions by the formula w = PAV 
is not difficult to explain, and the student can learn to 
apply this in situations in which the pressure is constant, 
as in the expansion of a vapor in equilibrium with the 
liquid. However, it will be necessary later to consider 
expansions in which the pressure does change, most im- 
portantly the isothermal expansion of an ideal gas. 
The derivation of these equations in terms of A’s is 
fairly straightforward, if not very rigorous, and can be 
done as follows: w = PAV = (RT/V)AV, therefore 
AV = (w/RT)V, and the volume can be expressed as a 
function of the amount of work done in exponential 
form: V = Voe”/*?. This then gives the standard 
logarithmic forms: w = RT In(V/Vo) = RT In (Po/P). 


THE SECOND LAW OF THERMODYNAMICS 


A discussion of entropy and the Carnot cycle can be 
made more meaningful to students if it is preceded by a 
discussion of the importance of finding criteria as to 
whether a given process will occur spontaneously, and 
the necessity of defining some new thermodynamic func- 
tions for this purpose. The natural occurrence of endo- 
thermic reactions shows the inadequacy of internal 
energy or enthalpy alone in predicting the direction in 
which reactions will proceed. The concepts that 
spontaneous processes can be harnessed to do useful 
work and that the amount of work obtainable will be 
some sort of a measure of the degree of spontaneity 
should appear at least plausible to the student and pro- 
vide some justification for attempting to calculate this 
amount of work. It is also not unreasonable to start 
the consideration of spontaneous processes with the 
simple case of the flow of heat from a warmer to a cooler 
body. At this point the statement of the second law of 
thermodynamics in the form of Clausius can be pre- 
sented as an experimental fact from which we can derive 
the equations needed to discuss all spontaneous proc- 
esses. Two satisfactory phrasings given by Moore 
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are:? “It is impossible to transfer heat from a cold toa 
warm reservoir without, in the same process, converting 
a certain amount of work into heat’’; and “heat never 
flows spontaneously, i.e., without the expenditure of 
work, from a colder to a hotter body.” This means 
that no substance, machine, or combination of machines 
placed between two heat reservoirs will conduct heat 
from the colder to the warmer reservoir unless the 
machine or substance serves as a source of energy, and 
we can prevent this by requiring that the machine or 
substance return to its initial state, i.e., it must operate 
in a cycle. The remainder of this discussion will be 
concerned with such cyclic machines and engines. 

The spontaneous flow of heat from a hot to a cold 
body can be reversed only by the expenditure of work; 
conversely it is possible to obtain useful work by 
harnessing the spontaneous flow. Applying the princi- 
ples of conservation of energy to a particular machine 
for harnessing the flow, it can be seen that a certain frac- 
tion of the heat absorbed by the machine at the higher 
temperature will be converted to work and the rest dis- 
charged to the reservoir at the lower temperature. The 
ratio of the work obtained to the heat absorbed, w/q, 
is the efficiency of the machine or engine. 

If we have an engine for which every step in its opera- 
tion is reversible, it can operate equally well as a re- 
frigerator, taking g—w calories from the cold reservoir 
and discharging gq calories at the higher temperature; 
w is the work done on the engine to make it operate as a 
refrigerator, and since this engine is reversible the ratio 
w/q is the same as its efficiency as an engine. It can 
then easily be shown that no engine can possibly have a 
greater efficiency than this reversible engine, since then 
the new engine could produce w calories of work to 
operate the reversible engine as a refrigerator while 
taking less than q calories from the hot reservoir, and the 
result of coupling the two engines would be a net flow of 
heat from the colder to the hotter reservoir, and this is 
impossible according to the second law of thermody- 
namics. Simple extensions of this argument will show 
that all reversible cyclic engines will have the same 
efficiency, and the efficiencies of all other cyclic engines 
must be less than or equal to this value, when operating 
between the same heat reservoirs. 


THE CARNOT CYCLE 


To express mathematically the efficiency of reversible 
cyclic heat engines one needs to consider only one par- 
ticular example of such an engine. For the flow of heat 
to and from the engine to be reversible, the engine must 
be at the temperature of the reservoir at the time the 
heat is transferred. To complete the cycle it is nec- 
essary to change the temperature of the engine between 
the temperatures of the two heat reservoirs without 
adding or losing heat. This is most conveniently 
accomplished by adiabatic expansion and compression; 
there are other reversible adiabatic processes producing 
temperature changes (such as magnetization), but none 
which can be treated as easily. Thus the Carnot 
cycle is the most convenient operating path for the re- 
versible heat engine which we want to consider. We 
are free to pick any substance for the engine, and for 
reasons of convenience it is customary to pick an ideal 


2 “Moore, W. J., ‘Physical Chemistry,’’ Prentice-Hall, Inc., 
New York, 1955, p. 51. 


gas for the working material. We are thus led to con- 
sider the heat and work involved in isothermal an: 
adiabatic reversible expansions of ideal gases. The 
equations for the isothermal part are fairly simple an: 
have been given earlier in this paper: ¢g = w = RI’ 
In (V/Vo) where V and V, are the final and initi:| 
volumes in the expansion. 

The equations for the adiabatic expansion of ide:.| 
gases are derived in most physical chemistry text.. 
These derivations are not simple even for students wit hi 
good backgrounds in calculus, and I do not know how to 
make the equation = P2V27 appear plausible to « 
skeptical student who has not had calculus. For- 
tunately we do not need te calculate the work done in 
the adiabatic expansion since it is the same in all ex- 
pansions between two particular temperatures and ea1i- 
cels in considering the cycle as a whole. This can he 
shown quite easily since w = g — AE where q is zero and 
E for an ideal gas depends only on the temperature and 
not on the volume. It is necessary to show in addition 
that the ratio of the initial and final volumes in the 
expansions is the same, independent of the value of the 
initial volume. This result can be obtained from the 
equation P,;V,” = P2V27 and the ideal gas law, or it can 
be shown that for a small expansion lowering the tem- 
perature — AT’ degrees, the change in volume is propor- 
tional to the volume itself and (V +AV)/V is independ- 
entof V. Thus: 


AE =q —w= 
C,AT = —PAV 
AV = (C,/P) AT = (C./RT)VAT 
(V + AV)/V = 1+ (C./RT)AT 


P,V," = P2V2" 
RT,V,7—! = RT2V27— 
= 
(V2/V;) = 


Once it is established that for adiabatic expansions of 
ideal gases between two particular temperatures, 
V,/Vi = C, a constant, we can proceed using only 
simple algebra. We can set up a cycle starting at the 
higher temperature, T2, and some volume V4, expanding 
isothermally to V», and then adiabatically to the volume 
V. and temperature 7,. We can then complete the 
cycle by an isothermal compression to Vg followed by n 
adiabatic compression to the temperature 7. and 
volume V,. To have a cycle, V. must be equal to | ,, 
and certain relations must hold between the various 
expansions and compressions to obtain this result. If 
we let gq: represent the heat absorbed by the gas in the 
expansion at T2, and q the heat absorbed by the gas in 
the compression at 7; (q: is actually a negative numbe.), 
we have 


and 
Ve = RT) 
Then working backwards around the cycle: 


Ve = (1/C)Va = = 
(1/C)e@/ BT) y = 
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Therefore: 
1 


q/RT, + = 0 
and 
= -T,/T, 


In passing once around the cycle the total work done by 
the gasisw = —AE +q = 0+ q@ + and the effi- 
ciency is w/q2 = 1+ = 1— 7:/T2. As discussed 
in the preceding section all reversible cyclic engines 
operating between the temperatures T, and 7; must 
have this same efficiency, 1 — 7;/T». 


GENERAL IRREVERSIBLE PROCESSES 


By considering engines and refrigerators which could 
include processes of any type in their operation we have 
arrived at a general relationship between all processes 
and the one spontaneous process which we started with, 
the flow of heat from warmer to colder bodies. We can 
apply this to decide whether any particular process 
goes spontaneously in a particular direction. To do 
this we merely consider the efficiency of a hypothetical 
eyclic engine which includes this process in its operation 
and uses only reversible processes to complete the cycle. 
If the calculated efficiency is less than 1 — 7,/T2 the 
process is not reversible; if it occurs at all it will proceed 
in the direction indicated and it will not occur spon- 
taneously in the reverse direction under the same 
conditions of temperature, pressure, etc. If the cal- 
culated efficiency is greater than 1 — 7)/T2 the process 
cannot occur in macroscopic systems for which the 
second law of thermodynamics is valid. If the process 
is reversible the calculated efficiency ‘will be exactly 
1—T7;/T2. Itis possible to express these conditions for 
spontaneity mathematically; however the form of the 
equations depends on the type of process under con- 
sideration, and it is best to consider various types 
separately. 


ADIABATIC PROCESSES 


The easiest type of process to consider is that in 
which no heat is gained or lost by the engine. We can 
Set up a very simple cycle starting with an arbitrary 
adiabatic process which leads from state A at tempera- 
ture T, to state B at temperature 7;. We can then com- 
plete the cycle by the following three steps in sequence: 
(1) a reversible isothermal expansion or compression at 
T, in which an amount of heat q; is absorbed, (2) a re- 
versible adiabatic expansion or compression to tempera- 
ture T2, and (3) a reversible isothermal expansion or 
contraction, in which an amount of heat q2 is absorbed, 
leading to state A. If 7, is greater than or equal to 7;, 
the cycle will operate as an engine with q2 positive and 
u negative, giving us the relation: 


(gz + 1 — T,/T: 


If 7, is less than 7; the corresponding relation for the 
efficiency as an engine is: 


+ <1 — T2/T; 


Both of these equations can be transformed to give 
u/ 1; + @/T2 < 0 by subtracting one from both sides of 
of the equation, multiplying by q2/7; or q:/T2, and re- 
arranging. This equation is a criterion for deciding 
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whether any adiabatic process is reversible or spon- 
taneous: If it is reversible our calculation must give 
g2/T2 + q/T; = 0, and if we get q2/T: + q:/T1 < 0, the 
process with which we started the cycle must be irre- 
versible. 


ENTROPY 


It thus appears that the quantity @/7, + q@/T:2 
evaluated as described in the previous section will be 
very useful and it will be convenient to give it a name 
and symbol. However, before we can make any use of 
the magnitude of this quantity we must specify exactly 
the steps to be chosen to complete the cycle to the ex- 
tent that the choice influences the answer. It is easy to 
show that the magnitude of g, chosen does not affect the 
answer, since if q; is increased by q3, g2 will be increased 
by an amount q, and it is clear from a diagram that @; 
and q, are the heats involved in opposite sides of a re- 
versible carnot cycle, so that q3/T: + q/T2 = 0. We 
can then define the entropy change, AS, of any arbitrary 
process as follows: to evaluate the entropy change in a 
process going from state A at temperature 7, to state B 
at temperature 7; construct an alternate path from A to 
B consisting of a reversible isothermal process at T2, a 
reversible adiabatic expansion or compression from 
temperature 7, to 7;, and a reversible isothermal proc- 
ess at 7); calculate or measure the heat absorbed in the 
two reversible isothermal processes, g2 and q; respec- 
tively; AS is then given by the expression AS = q2/T2 
+ q/T;. It is possible to show that AS can be evalu- 
ated from any reversible path from A to B by dividing 
each amount of heat absorbed by the corresponding 
temperature and adding together all these fractions, 
but this proof is unnecessary in an elementary course. 

If the process under consideration happens to be 
adiabatic we can use the equations derived in the pre- 
ceding section. You will notice however that we have 
chosen to consider the path from A to B rather than that 
from B to A which was discussed there. We must 
therefore change the sign in our equations, obtaining the 
result that for any adiabatic process AS > 0. For 
adiabatic reversible processes AS = 0, and if AS > 0 
for an adiabatic process, the process is irreversible. 
These statements which are derived from the second 
law of thermodynamics as given above provide a pre- 
cise alternative statement of the second law in mathe- 
matical terms. It is clear from the above definition of 
entropy changes that they depend only on the initial 
and final states of the system and not on the details of 
the process involved. The entropy is a very powerful 
tool in deciding in which direction an adiabatic process 
will proceed spontaneously since the process cannot 
possibly proceed in a direction in which AS < 0. 


PROCESSES AT CONSTANT TEMPERATURE 


We often have to consider the spontaneity of proc- 
esses under non-adiabatic conditions. One general 
type of process which is repeatedly encountered is that 
of isothermal processes. Fortunately we can discuss 
isothermal processes in terms of a composite system in- 
cluding a thermostat so that the process for the whole 
system including the thermostat is adiabatic. For the 
total system AS > 0; using the subscript ¢ for the 
thermostat and a for the rest of the system, this can be 
written AS, + AS, > 0. If we let g represent the heat 
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absorbed by the rest of the system, —q is absorbed by 
the thermostat, and AS, is just —gq/T. Therefore 
AS, — q/T > 0 or TAS, — q > 0. This can be re- 
written using the first law of thermodynamics as 
TAS — AE — w > 0, or more commonly, AE +w — 
TAS < 0. We can drop the subscript since all the 
terms in this equation apply to the “rest of the system” 
and it is unnecessary to consider the thermostat any 
longer. 

If the only work done is reversible work of expansion, 
PAV work, it is possible to simplify this equation 
further in two very common special cases: at constant 
volume w = 0, and if the pressure is held constant w 
can be written as APV. It is customary to define two 
new thermodynamic quantities to get still further sim- 
plification. The work function, A, is defined as A = E 


— TS and for isothermal processes at constant voluie 
AA = AE — TAS < 0. Similarly the free energy, F, 
is defined as F = H — TS = E + PV — TS, and ior 
isothermal processes at constant pressure AF = AE + 
PAV — TAS <0. 

The standard derivations’ of the relation between 
free energy, F, and equilibrium constants do not n- 
volve particularly complicated mathematics and «re 
easily adapted for presentation to students unfamil ar 
with calculus. The most complicated step, evaluation 
of the work involved in the isothermal expansion or 
compression of an ideal gas as w = RT In (Po/P), has 
already been handled in the above equations. 


3 DANIELS, F., anp R. A. ALBERTY, ‘Physical Chemistry,” 
JohnWiley & Sons, Inc., New York, 1955, p. 250; Moore, W. J, 
op. cit., pp. 75-77. 


RADIOISOTOPE EXPERIMENTS IN THE ORINS 
SUMMER INSTITUTE PROGRAMS | 


Dwnrine the summers from 1954 to 1957 the Oak 
Ridge Institute of Nuclear Studies has conducted five 
summer institutes for science teachers. Four of these 
institutes were for secondary school science teachers, 
with one being for college science teachers. These 
institutes have been supported by the National Science 
Foundation and the Atomic Energy Commission. 

The main emphasis has been to strengthen science 
teachers in subject matter fields by presenting lectures 
and demonstrations in fundamental chemistry and 
physics, the frontiers of science, teaching techniques, 
and related disciplines. While the institutes have not 
emphasized atomic energy programs, it was decided 
during the early planning that since a large amount of 
radiation detection equipment was on hand for the 
wide variety of other courses which ORINS presents, 
it would be well to include some lecture and laboratory 
material on radioisotopes. 

The laboratory experiments were modifications of 
some of the experiments presented in the ORINS 
course for professional research personnel. The ex- 
periments were conducted on six afternoons during the 
four-week institute, with the 48 teachers divided into 
groups of 16. The teachers rotated among the three 
physics experiments the first two weeks and among the 
chemistry experiments the last two weeks. 

It is apparent from the widespread interest in the 
ORINS program that there is a demand for information 
about the set of experiments which are used to demon- 
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strate basic principles. Those described here should 
not be considered as more than suggestive of the type 
of procedure which can be followed rather simply but 
which has been found to be very well suited to provide 
experience in the essential techniques of radioisotope 
use. 

If the equipment is available, some of these experi- 
ments can be performed by students at either the second- 
ary school or early college level and will provide an 
insight into some of the problems and advantages of 
radioactive tracer methods. It has also been apparent 
that there is no substitute for the valuable motivation 
of doing experiments rather than mere reading about a 
field of interest. 


The Quartz Fiber Electroscope 


An instrument of greater sensitivity than the common yold 
leaf electroscope is one which uses a quartz fiber. One suc!) in- 
strument is made by the Landsverk Electrometer Comp .ny. 
This inexpensive electroscope has a built-in charging system «nd 
provision for placing the sample inside the sensitive volum of 
the chamber. 

It is desirable that an electroscope be equally sensitive to r. !ia- 
tion at any position of its scale. A measure of this con:'ant 
sensitivity is the electroscope linearity. To measure the line: ity 
of the Landsverk electroscope place a weak (~0.05 yc.) ‘0” 
source in the chamber. (One microcurie (uc.) = 3.7 X 10° ‘lis- 
integrations per second.) Charge the electroscope unti! the 
fiber is just below zero. Start the timer as the fiber cro-ses 
zero, and record the time at each interval of ten on the scale til 
the fiber crosses 100. Plot the scale divisions versus the ‘ime 
and determine the linear portion of the scale. 
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The absorption of beta radiation within the sample, or self 
absorption, may be determined by measuring the activity of a 
set. of C!4 or Co samples of varying thicknesses, each containing 
the same total activity. The measured activity is proportional 
to ‘he discharge rate of the electroscope and is given in divisions 
per minute. A plot of the measured activity versus the sample 
thi¢kness shows the amount of radiation absorbed in the sample 
itself. 

The effect of beta absorption in external matter is determined 
by placing varying thicknesses of aluminum foil over a Co 
source. Measure the discharge rate corresponding to each thick- 
ness of aluminum and plot the measured activity versus the ab- 
sorver thickness on semilogarithmic graph paper, with the meas- 
ured activity on the log scale. (In most laboratory work, the 
density thickness, in units of mg./cm.?, is used since beta radia- 
tio: absorption is essentially independent of the atomic number 
of ‘he absorbing material. ) 


The Geiger Muller Counter 


An important characteristic of a G-M counter is the G-M 
plateau. This plateau represents a condition of the G-M tube 
in which the counting rate (caused by some source of radiation) 
is relatively independent of the voltage applied to the tube. 
Place an appropriate sample near the G-M tube and measure 
the counting rate (in counts per minute) at various settings of the 
high voltage. Be sure to begin with low voltages and move 
slowly (about 25 volt increments) to higher voltages. A plateau 
region will be found in which the voltage change causes relatively 
little change in the counting rate. The high voltage measure- 
ments must be made with care since too much voltage will ruin 
the tube. Plot the counting rate versus the voltage and from 
this graph select an operating point at about 100 volts above the 
start of the plateau. A determination of the background reading 
at this voltage should be taken and this counting rate subtracted 
from all subsequent measurements. 

The absorption of gamma rays may be studied by positioning 
a strong (~1 uc.) Co source near the G-M tube. Place lead 
absorbers of varying thicknesses between the tube and source 
and measure the counting rates corresponding to each thickness. 
Plot the counting rate versus the absorber thickness on semi- 
logarithmic paper with the counting rate being plotted as the 
ordinate. 

The effect of the backscattering of beta radiation is investigated 
by depositing (~0.05 ye.) P** on a thin polystyrene film. Meas- 
ure the counting rate first with no additional material behind the 
source, and then place thick pieces of aluminum, copper, silver, 
and lead (atomic numbers 13, 29, 47, 82, respectively) behind 
the film. Plot the per cent increase in the counting rate versus 
the atomic number of the backing material. 

The principle of a beta ray thickness gauge may be demon- 
strated by a simple experiment. Measure the counting rate of a 
weak (~0.05 ye.) P32 sample. Then determine the counting 
rates with varying numbers of cardboard or paper sheets added 
between the detector and the source. Plot the counting rate 
versus the number of sheets as a calibration curve. Place an 
unknown number of cards in position and measure the counting 
rate. Determine the number of sheets by reference to the cali- 
bration curve. 


G-M Survey Meters 


G-M survey meters give a direct reading of the counting rate 
of a G-M tube. For certain isotopes the counting rate is ap- 
proximately proportional to the ionization rate, so the instru- 
_ are frequently calibrated in milliroentgen per hour (mr./ 

The inverse square law of radiation may be studied by sus- 


pending a very “hot’’ (5-10 me.) source of gamma radiation in © 


the «enter of a large room, about four feet above the floor. (One 
millicurie (me.) = 3.7 X 107 disintegrations per second.) Meas- 
ure the dose rate (in mr./hr.) at various distances (50 to 250 cm.) 
from the source. Plot the dose rate (minus background), R, 
versus 1/D?, where D is the source-detector distance. This plot 
should be linear if R is proportional to 1/D* (and absorption and 
seatier effects are negligible). 

_ A rough assay of a gamma ray source may be made by measur- 
ing ‘he source-to-detector distance and the dose rate at this dis- 
tance. The measured dose rate is related to the source intensity 
by the expression 
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R = GC/D? (1) 


R = dose rate in mr./hr. 

G = a constant for each isotope and is given in mr./hr./me. 
at one cm. 

C = the number of millicuries in the source 

D = the source-detector distance in cm. 


From equation (1) 


C = RD?/G 
Some typical values for G are 
Co® 13 ,300 
Ra 8,400 
Cs!# 3,560 


Obviously if the survey meter is not calibrated correctly, the error 
will reflect in the value determined for C. Conversely, a source 
of known intensity may be used to check and recalibrate the 
meter by equation (1). 


Neutron Activation 


Stable elements or isotopes often become radioactive when bom- 
barded with neutrons. If silver is bombarded for a short time, 
two radioactive isotopes are produced. The half-lives of the two 
may be determined by measuring the sample activity at various 
times and plotting the measured activity versus the time on semi- 
logarithmic graph paper. 

Place a radium-beryllium neutron source, containing 500 mg. 
radium, in a tank of water or surround it with paraffin to slow the 
neutrons. Place a silver foil or coin near the source in the water. 
After 5 minutes quickly move the sample to the G-M counter and 
place it very close to the G-M tube. Count for 15 seconds. In 
the next 15-second interval record the count and reset the counter. 
Then begin another 15-second count, ete. After 10 minutes 
have elapsed from the start of the first count, stop, and calculate 
the counting rates in counts/minute for each count after sub- 
tracting background. Plot the counting rate on a semilogarith- 
mic scale versus the time. For greater accuracy, plot the time 
as that in the middle of the counting interval, or as the time the 
count started plus 7!/2. seconds. The curve shows a definite 
break where the short-lived activity dies out and leaves the long- 
lived activity. Since the activity decays exponentially, or lin- 
early as seen plotted on semilog graph paper, the long-lived 
component may be extrapolated linearly back to zero time. At 
each point the long-lived activity may be subtracted from the 
total (or measured) activity with the resulting curve representing 
the short-lived activity. This may be plotted on the same graph 
and the half-lives may be read directly as the time required for 
each activity to diminish by a factor of two. 


Plant Experiment and Autoradiography 


This experiment allows students to observe the absorption of 
certain nutrient materials by plants. Both the rate of absorp- 
tion and the distribution of the nutrient in the plant can be ob- 
served. 

The nutrient used in this case is disodium phosphate tagged 
with P**. Add approximately 80 ue. of P** to 100 ml. of water in 
a 200-ml. beaker. Next, add about 1 g. of disodium phosphate 
as a carrier for the P**, and place a small tomato plant, its roots 
washed free of dirt, in the solution. Observe the count rate with 
a survey meter held near the leaves of the plant. At intervals of 
15 to 30 minutes thereafter, observe the count rate again, and 
note the increase. 

After 2!/. hours, remove the plant from the solution. Since 
the solution on the roots will tend to smear activity while the 
plant is being prepared for radiography, the roots are cut off and 
thrown away. Place the leaves and stem of the plant on a piece 
of Saran wrap, fold the Saran wrap over the plant, and place it in 
an X-ray exposure holder. In the darkroom, place an X-ray film 
directly under the sample and a flat sponge on top of the sample. 
Close the folder and seal with photographic tape to make it light 
tight. After 6 hours take out the film and develop it. The film 
shows distribution of phosphorous in the plant. Much smaller 
amounts of P*? will suffice in this experiment if correspondingly 
longer uptake and exposure times are used. 
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Ion Exchange Technique 


This experiment shows a method by which chemically similar 
ions may be separated in a simple and rapid manner. Prepare 
an ion exchange column by selecting a glass tube 9 cm. long by 4 
mm. inside diameter, and placing in it finely ground “Dowex 1” 
resin, an ion exchange resin in the chloride form. Then treat 
the column by passing 10-15 ml. 8.0 N hydrochloric acid through 
it. 

After the column has been washed with acid, remove the excess 
acid from the top of the column by means of a pipet. Then add 
20 microliters of Ni-Co™ solution. This solution consists of 
about 1 mg. per ml. of each element, plus about 2 ue. of Co per 
ml., in 8.0 N hydrochloric acid. 

In hydrochloric acid of this concentration, a complex ion of 
cobalt chloride is formed having the probable composition 
(CoCl,—~). This complex is held on the positive surface of the 
anion exchange resin and may be observed as a green ring at the 
top of the column. Nickel ions do not form a complex in 8.0 N 
hydrochloric acid. These remain as positively charged ions, and 
pass immediately down the column if eluted with 8.0 N hydro- 
chloric acid. 

As each drop of liquid passes through the column, catch it on a 
1-inch watch glass and test for nickel by adding two drops of di- 
methylglyoxime solution and three drops of ammonium hydroxide. 
If nickel is present in the sample, a red color appears. The 
nickel is found to concentrate in a few of the samples, indicating a 
peak in the elution curve. 

Remove the excess acid from the top of the column, and add 
water as the elutant. Again catch each drop on a watch glass, 
dry under a heat lamp and count the residue in a G-M counter. 
Plot a curve of counts per minute versus sample number. The 
cobalt appears, reaches a sharp peak and disappears, indicating 
that the negative complex was broken up by the water, allowing 
the cobalt ions to pass through the column. 


Isotope Dilution Analysis 


A sample is taken from a solution of known chemical concentra- 
tion and the specific activity (counts per minute per milligram) is 
determined. After diluting with an unknown amount of the 
same material, the specific activity is again determined. Since 
the specific activity is reduced in direct proportion to the amount 
of dilution, the amount of unknown material can then be calcu- 
lated. A quantitative isolation of the material being analyzed 
is not necessary at any time since it is only the ratio of weight to 
activity which is used in the calculation. 

Prepare a solution of ferric chloride with a known concentra- 
tion of iron containing a small amount of Fe*-®, Add 1 ml. of 
this solution, containing approximately 15 mg. of iron, to a cen- 


trifuge tube containing about 5 ml. of water. Precipitate the 
iron with ammonium hydroxide, centrifuge, wash with water, 
and recentrifuge. Transfer a portion of the precipitate t) 
weighed metal cup and dry under an infrared lamp. Weigh the 
sample and then count in a G-M counter with an aluminum ab- 
sorber of at least 200 mg./cm.? placed above it. Record the 
weight (W,) and the count (A;). 

Next, take 1 ml. of the iron solution of unknown concentra ion 
and add to this 0.2 ml. (200 microliters) of the known solution. 
Mix the solutions thoroughly and treat the sample in the s ime 
manner as the previous one. Record the final weight and count. 
ing rate. 


W: = weight of iron recovered from known solution wit!) re- 
covery factor K, 

W: = weight of iron in aliquot of known solution with re oy- 
ery factor Ke 

W; = weight of iron in 1 ml. of unknown solution with revoy- 
ery factor K» 

A, = counts per minute recovered from known solution with 
recovery factor K; 

Az, = counts per minute recovered from unknown solution 
with recovery factor 


_ A: 


Wi 


= specific activity of the tracer in known 
solution 


(W2 + Ws W.+ Ws; 


S. = = specific activity of the 


tracer in unknown solution 
_ + AiWs 
A.W, 


Since the specific activity of the tracer is the same in both sam- 
ples, A,/W, = A2/W2, substituting A\W, for A.W, then 
Si W; 


w.= 


Substitute the weight of iron added in the 0.2 ml. of known 
solution for W:2 in the final equation. The weight of iron (W,) in 
1 ml. of the unknown solution can then be calculated. 
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A SIMPLE METHOD FOR THE DETECTION OF SOLUBLE 


BICARBONATES 


So.vuBLeE bicarbonates can be detected in the pres- 
ence of normal carbonates by using a suspension of 
yellow mercuric oxide in saturated sodium chloride 
solution. Using reagent grade chemicals the test is 
performed as follows: Add about 0.1 g. of yellow 
mercuric oxide to a test tube containing 10 ml. of dis- 
tilled water. Shake the tube well. Add 5g. of sodium 
chloride. Stopper the test tube and shake well for one 
minute. Alternately, add NaHCO; or any dilute acid 
and shake the test tube, until a faint yellow suspension 
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of HgO remains. Add the sample to be tested, stopper, 
and shake thoroughly. In the presence of bicar!)n- 
ates the yellow color will disappear within two mini tes 
as shown by the following equations: 
H,O + HgO + 2NaCl + HgCh + 2NaOH 
NaOH + NaHCO; — Na,CO; + H:O 

As little as 0.002 g. of NaHCO; can be dete: ed. 
Any acid compound which will react with NaOH will 
interfere with this test. 
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Tur mole is the concept of quantity which is of unique 
importance to chemists. There is great pedagogic value 
to introducing students to its importance and utility 
when they first begin to solve quantitative chemical 
problems. It has been the author’s experience that the 
system here suggested is successful with high school 
students, even those whose earlier experience with 
applied arithmetic had made little lasting impression. 
It has been apparent that these beginning chemistry 
students have gained more real understanding of chemi- 
cal relationships than those who have used exclusively 
the “proportion” methods presented in many high 
school texts. 

When a chemical equation is properly balanced, the 
coefficients of the formulas give the relative number of 
moles involved. When the data for the known are sup- 
lied in terms of grams, liters of gas (S.T.P.) or number of 
molecules, the first step is to calculate the number of 
moles so represented. Since the mole is defined as a 
gram molecular weight which occupies 22.4 liters 
(S.T.P.), if a gas, and contains 6.023 X 10** molecules, 
it is usually most convenient to translate other weight 
units into grams and to convert gas volumes from other 
conditions to S.T.P. It is of course possible to calcu- 
late the number of molecules in a ‘pound mole’’ or the 
corresponding volume of a gas in any other appropriate 
units or at any other set of conditions. 

A combining ratio can be defined as the number of 


* SOLUTION OF PROBLEMS IN CHEMISTRY 
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moles of unknown divided by the number of moles of 
known as shown by the coefficients in the equation. 
The solution to any problem is then given in terms of 
moles of unknown if the actual number of moles of 
known is multiplied by this combining ratio. The 
answer can be converted to grams, liters (S.T.P.) of a 
gas or number of molecules, as may be required by the 
statement of the problem, by multiplying the answer 
in moles by the appropriate conversion factor. 

Since the known may be given in grams, liters 
(S.T.P.), or molecules and the answer required in any 
one of the three same units, there are nine variations of 
the problem. The nine variations of the problem are 
illustrated in the following table using the equation 


Moles > 1 s 2 3 2 4 
+ 8HNO; 2Bi(NO;); + 38 + 2NO + 4H,O 


For some classes it might be better to make up a 
table from a simpler reaction such as 2CO + Os > 
2COs, using for example two moles of CO for the pro- 
duction of 2 moles of CO. and using the same amount 
of CO in each case. Thus starting with grams, liters or 
molecules in the Ist, 4th, and 7th variations the answer 
in grams would be the same. Similarly the same 
answer would appear in other parts of the chart. 

The author would like to acknowledge his indebted- 
ness to Professor Paul Urone of the University of 
Colorado for the basic method. 


Unknown 


Moles of 
(required) known 


Quantity of 
known 


Com- 
bining Moles of 
ratio unknown Quantity of unknown 


1 590 grams s 590 
Bi(NOs)s 295 
liters NO a 
4 11.2 liters grams 11.2 
NO Bi(NOs)3 24 
5 liters NO 
5.6 
5.6 liters NO molecules HO 
1.506 X 10% 1.506 X 
moleculesS HzO 6.023 10% 
molecules liters NO 1038 
HNO. 6.023 X 10 
1.205 1078 molecules 1.205 1075 
molecules Bi:S; 6.023 X 108 
Bi(NOs)s 


Molecular weights: BisS;...514, HNO;. ..63, Bi(NO;)3. ..295, HyO...18, NO.. .30, 8. . .32. 


(Note: Wherever the word “‘liters” is used, 8.T.P. is understood) 


3 590 3 590 3 
2 295 * 2 295 * 5 x 32) grams 8 
2 189 2 
6s 3 63 x 22.4) liters NO 
X X 6.023 x 10 
molecules H,O 
2 11.2. 2 ass. 
24% X 295) grams 
Bi(NO,), 
2 44.8. 2 448. 2 
24% (3% x x 22.4) liters 
4 5.6. 4 
1.5061 4 1.506 X 10% 4. ) 
3 6.023 x 10% * 3 ‘Gs x 108 X 3 X18 
grams H.O 
2 6.023 10% 2 6.023 1074 2 
8 603 \6023x 10% * 22.4) 
2 205 X 10% 
1.205 1 1.205 X 10% 2 
6.023 x10" 7 (6023 x 108 * 7 


x 10") molecules Bi-S; 
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THE SCIENCE MUSEUM: SOUTH KENSINGTON, 
LONDON, ENGLAND’ 


T ue Science Museum celebrated its centenary in 1957. 
It began as part of the South Kensington Museum 
which was one of the consequences of the great mid- 
Victorian interest in the promotion of education. The 
Great Exhibition of 1851 was part of the same move- 
ment and from the profits of that exhibition ground was 
purchased at South Kensington, on a corner of which 
were erected buildings which served as the headquarters 
of a Department of Science and Art. This new Govern- 
ment body, set up in 1853, had as its aim (to use some 
words of the Royal Commission on the 1851 Exhibition) 
“‘to serve to increase the means of industrial education 
and extend the influence of Science and Art upon pro- 
ductive Industry.” Responsible at first to the Board 
of Trade the Department was transferred in 1857 to 
the care of a committee of the Privy Cour.zil. Its field 
was wide: it controlled in time the Royal Schools of 
Mines, of Art, and of Science, it established scholar- 
ships and exerted a powerful influence on the whole 
field of education. It saw museums as a potential 
medium for education and accordingly founded the 
South Kensington Museum. 

The content of the Museum was accumulated from 
several sources: objects from a Government School of 
design and from a Museum of Ornamental Art at Marl- 
borough House; purchases from the Great Exhibition; 
loans from private collections. Science was repre- 
sented from the beginning, but at first only through its 
connection with industry, since the Museum was 
considered primarily an instructional institution aimed 
at a class of skilled artisans and their teachers. 

There was also housed at South Kensington, but 
separately administered, a ‘Patent Museum” which 
was a collection of inventions and industrial devices 
assembled by Bennet Woodcroft, Superintendent of 
Specifications to the Commissioners of Patents. It 
contained many celebrated machines: the ‘Rocket’ 
locomotive, Arkwrights’ original spinning machinery, 
Wheatstone’s original electric telegraph and much else. 

The next great landmark in the history of the Science 
Museum was an exhibition: the “Special Loan Collec- 
tion of Scientific Instruments” of 1876. A Royal Com- 
mission “to Enquire into the state of Scientific Instruc- 
tion” (1874) recommended the “formation of a Collec- 
tion of Physical and Mechanical Instruments,” and 
went on: ‘‘We submit for consideration whether it may 
not be expedient that this collection, the collection of 
the Patent Museum and that of the Scientific and Edu- 


' Eprtor’s Note; This is another in the series of papers being 
solicited by Dr. Ralph E. Oesper to give those of our readers who 
may be crossing the Atlantic a preview of places of notable 
scientific interest. See also J. Cuem. Epuc., 34, 283, 607 (1957). 
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cational Department of the South Kensington Muscum 
should be united and placed under the authority of a 
Minister of State.’ As a first step a Loan Collection 
was organized by a committee which included the 
chemists Frankland, Odling, Roscoe, Williamson, be- 
sides T. H. Huxley, Clerk Maxwell, Rayleigh, and 
many other scientific men of the first rank. 

The exhibition was arranged not by national origin 
but solely by subject matter. It was the first time that 
the apparatus of pure science had ever been displayed 
so abundantly and so systematically to the general 
public. Many important lectures were given which are 
worth consulting today as a survey of the state of 
science of 80 years ago. 

At the end of the century a select committee recom- 
mended that the Art and Science sides of the Museum 
be separated both physically and administratively. A 


One of Dalton’s Lecture Diagrams 


The Science Museum possesses the only facsimile copies, the ori: nals 
having been destroyed in the bombing of Manchester in 1940. This |« ture 
diagram was probably used in lectures at Edinburgh and Glasgow in (807. 
Each part represents an ‘‘atom”’ of a gas made up cf ‘‘atoms”’ of const!‘ .ent 
elements within a globular at phere of heat (caloric). The 16 substances 
are (modern terminology): 

(1) hydrogen, (2) hydrogen sulfide, (3) nitrous oxide, (4) carbon div. 
(5) water, (6) hydrochloric acid, (7) methane, (8) carbon monoxide | 
nitric oxide, (10) ammonia, (11) nitric acid, (12) alcohol, (13) oxygen 
nitrogen, (15) ether, (16) ethylene. 

Note Dalton’s beliefs that ether and alcohol were composed only of ¢::: 
and hydrogen, and that hydrochloric acid was composed of hydroge'. ° 
oxygen. 
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Departmental Committee under Sir Hugh Bell was set 
up and issued reports which form the master plan of 
the Science Museum as it has developed in the present 
century. The Bell Committee recommended that the 
Museum should extend its scope and should include 
working models, demonstration and lecture rooms, 
and facilities for special exhibitions. Moreover the 
Museum’s arrangements should be flexible so as to 
allow for the advance of scientific knowledge. Whole 
industries had grown up around what had formerly 
bee!: isolated experimental devices, as for example in 
aeronautics. Vast new fields of natural phenomena as 
for example in atomic physics were opening up, while 
older interpretations were being replaced by new as in 
the chemist’s new views of molecular forces. 

Nevertheless, the Museum preserved a just balance 
by keeping always as one guiding principle the aim of 
the Loan Collection of 1876, that is to show such ap- 
paritus “as possessed historic interest on account of 
the persons by whom, or the researches in which, it had 
been employed.” It is this fundamentally historical 
approach which gives the Science Museum its unique 
character and enables it to exhibit the achievements of 
modern science in harmony with those of the past. 

The second world war again hindered progress and 
it took a long time to bring back all the collections from 
war-time ‘storage. Nevertheless, today the Museum 
has made great progress and with the completion of 
the Centre Block in 1961 further developments, now far 
advanced on the drawing-board, will add to the 
achievements of the past. 

A description of the Chemistry Department will 
cover most of the characteristic features of the Museum. 


CHEMISTRY DEPARTMENT 


The Chemistry Department includes Pure Chemistry, 
Industrial Chemistry, Metallurgy, Glass and Pottery, 
Photography and Kinematography. Chemical Engi- 
neering will follow later. 

The Pure Chemistry Collections include apparatus 
belonging to some of the most celebrated investigators: 
Dalton’s notebooks: Graham’s diffusion apparatus; 
original preparations and apparatus of Faraday; the 
rare-gas apparatus of Rayleigh and Ramsay, to men- 
tion only a few. 

There are also collections of apparatus, prints and 
specimens typical of every epoch in the history of 
chemistry. Obviously a given collection can be 
arranged to illustrate many different aspects of a com- 
plex field. The choice for leading themes has fallen on 
the two aspects of chemistry which seem to constitute, 
as it were, the poles around which the rest of chemistry 
revolves: the Structure of Matter, and Chemical Anal- 
ysis. The former starts with a short glimpse at crys- 
tallography (a subject which is treated more exten- 


sively in neighboring museums) and proceeds to molec- - 


ular models (with original specimens of Dalton and of 
Wollaston), Brownian motion, stereochemistry, colloid 
chemistry. In Analytical Chemistry an attempt has 
been made to group instruments according to a logical 
scheme (1) analysis by isolation of the species being 
estiinated (e.g., Marsh test for arsenic) (2) analysis by 
inference from characteristic reactions (e.g., use of 
indicators) (3) analysis by measurement of physical 
properties—optical (polarimetry, etc.) electrical 
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Tilden's Original Synthetic Rubber Preparations 


(polarography ete.)—mechanical (viscometry). There 
are excellent collections of balances, blowpipes, volu- 
metric glassware. 

The Pure Chemistry Collections are shown only in 
token. Their full development awaits a reorganization 
planned for 1961, when the topics of organic chemistry 
and biochemistry will receive due recognition and the 
apparatus and analysis sections will be based on a series 
of full-scale laboratories it is hoped to build: an al- 
chemist’s laboratory, a mid-nineteenth century lab- 
oratory, and a fully equipped modern laboratory, all 
open as public exhibits. 

Industrial Chemistry is being developed with the 
substantial support of industry. As everywhere in 
the Museum, the chief strength of the section lies in 
original objects: Perkin’s alizarin and mauve prepara- 
tions, Topham’s original spinning box, Tilden’s syn- 
thetic rubber preparations, and so on. Coupled with 
these are models of industrial plants of unique historical 
value. For example, the model of the factory operating 
the Leblane soda process is an exceptionally valuable 
technical record of a process, now obsolete but, in its 
day, of profound economic importance. The advanc- 
ing front of chemistry is being mapped out, sector by 
sector, as new exhibits are erected dealing with petro- 
leum chemistry, oils and fats, soap and detergents, 
plastics and fibers. The industries based on organic 
chemistry are being given chief attention at the mo- 
ment, but some additions have lately been made on the 
inorganic side. 

The Metallurgy section at present consists largely of a 
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miscellaneous collection of specimens and scale-models 
of plant and furnaces mainly of the nineteenth cen- 
tury, such as some of Faraday’s Alloy Steels and the 
Percy Metallurgy Collection. Preparations are well 
under way to recast completely the Iron and Steel gal- 
lery. The most significant of the existing exhibits to- 
gether with many new ones illustrating current practice 
will be arranged in logical sequence to tell a coherent 
story of Iron and Steel from prehistory to the present. 

In Photography and Kinematography, limited space 
has made it necessary to emphasize the optical and 
mechanical aspects at the expense of the chemical but 
here again the future holds out hope. The collections 
are particularly rich in objects of historical importance 
including the earliest paper photograph extant. 

The chemist and chemical engineer will find much of 
interest in other departments of the Museum. The 
early history of the steam engine is particularly well 
represented with Watt’s original separate condenser, 
and original engines of Boulton and Watt. Modern 
power production is seen in Whittle’s gas turbine and in 
a new Electric Power Gallery. 

The winning of primary staple commodities finds 
place in Agriculture and Mining galleries, conversion 
and fabrication in such galleries as those dealing with 
the Gas Industry and with Textiles. The fundamental 
investigation of the physical nature of matter is to be 
seen in Physics galleries where the Bragg’s first X-ray 
spectrometer and Aston’s mass spectrograph are pre- 
served. 

It must not be thought that because all the names 
mentioned above are British, only the British contri- 


bution to science is shown. Naturally it occupie- q 
major part, but the American visitor, for example, 
must not be surprised if he comes upon an exhibit doing 
honor to Benjamin Franklin or Wallace Hume ( 2- 
rothers. 

This is not the best time to write about the Scie ice 
Museum, when so much is in transition, when price! »ss 
scientific treasures still have to be shown with far |>ss 
distinction than is their due. An average visitor from 
among the 1,250,000 who visit it each year might \ot 
have this impression. He might be more struck by ‘he 
wide range of catalogues and handbooks he sees on s:\le, 
by the daily lectures in galleries and lecture theater, by 
the scientific film shows for adults and children, by 
the Childreh’s Gallery, by the Special Exhibitions 
which are held from time to time, and above all by 
the overwhelming quantity of material shown. Overa 
quarter of million entries have been made in the \u- 
seum Inventory, many being for collections themsel yes 
comprising dozens or hundreds of objects. 

The visitor will find no splendid empty vistas or di- 
verting scientific tricks in the Science Museum. It is 
hoped, however, that the visitor from abroad will find 
himself at home in it because it is devoted to the cnly 
universal form of pleasure, the pleasure of the mind. 
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THE PYRANOSE STRUCTURE OF GLUCOSE 


Tue teacher’s problem of imparting ideas to his stu- 
dents becomes more and more difficult as these ideas 
become more complex and obtuse. An illustration 
which depicts one aspect of a problem often does vio- 
lence to another. A case at point is the use of two 
dimensional drawings to illustrate three dimensional 
objects. 

The pyranose structure of glucose as represented by 
the Hayworth diagram shows the six member ring ex- 
cellently, the plane of the ring moderately well. Actu- 
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ally the ring is of the “boat” or “chair” type as present 
in cyclohexane. A disadvantage of this diagram is that 
the beginner may visualize three of the attached groups 
as being inside the ring rather than above or below the 
plane of the ring (Fig. 1). 

Another form in which the six member ring may be 
represented is as a rectangle. Although it also mis- 
represents the plane of the ring as a flat surface, it does 
offer the advantage that the carbon atoms may be pc- 
tured as staggered and not coming directly under those 
above, and the groups attached to these carbons may 
then be shown completely above or below the plane of 
the ring (Fig. 2). 

Not being a freehand artist, the author finds thai a 
reasonably good rectangle is a better blackbos:d 
representation of the pyranose structure than a po T 
hexagon. 


1 Present address: Westminster College, Fulton, Missouri. 
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* QUANTITATIVE ANALYSIS IN THE TRAINING 


OF CHEMISTS’ 


Tue introductory course in quantitative chemical 
analysis, with which the following discussion is pri- 
marily concerned, has an important function in the gen- 
eral training of chemists. It is widely recognized that 
it teaches manipulative technique. For several reasons 
it is necessary that it provide an efficient introduction to 
the method of quantitative analysis. Analytical tasks 
represent a large fraction of all chemical work done, and 
any academically trained chemist should be able to take 
part in the discussion of analytical problems and to per- 
form analytical tasks. All chemists should have a 
grounding in analysis so that they can intelligently 
evaluate analytical data furnished them for the guidance 
of their decisions in research, development, production, 
or sales. 

The teacher of quantitative analysis faces the di- 
lemma of limited laboratory time and gaps in the knowl- 
edge and preliminary training of the students. Seldom 
have students been introduced to the reasoning of 
statistics or the meaning and use of significant figures. 
Their acquaintance with the appearance and behavior 
of substances and materials is very limited.? They 
have little or no experience in glass blowing, the use of 
basic tools, or the assembling of simple apparatus. 

Considering the limited time available in one semester 
of laboratory work, the introductory course in quanti- 
tative chemical analysis has a formidable task to per- 
form. Moreover, it must not fail in performing it if there 
is no assurance that chemistry students will receive 
additional training along these lines. 


TEACHING PROCEDURES 


What might be called the old type of laboratory 
training was based upon the performance of a large num- 
ber of determinations and separations, which could not 
fail to impart dexterity by repetition. This type of 
training requires far more time than that available for 
the purpose. 

During the first half of the twentieth century, a fea- 


ture was added that could be expected to improve the ~ 


efficiency of the laboratory instruction. A discussion 
of the equilibria involved and of the precautions dic- 
tated by them was provided. Unfortunately, this move 
in the right direction seems to have been accompanied 


‘ Based on a paper presented before the Division of Chemical 
Education at the 132nd Meeting of the American Chemical 
Society, New York, September, 1957. 

* BeNEDETTI-PicHLeR, A. A., FRANK SCHNEIDER, AND Orro F. 
Steinnacu, J. Cuem. Epuc., 34, 381 (1957). 
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by a drastic reduction of the number of laboratory 
hours. In addition, it does not seem to have been 
recognized that theoretical discussions which are very 
valuable in selection and establishment of methods, 
i.e., in analytical research, are of little use when prac- 
ticing proved procedures. They have no bearing upon 
the manipulative part of the work, and they provide no 
means for adjusting the effort to the required precision. 
With the small amount of laboratory time left, the 
effectiveness of the practical training thus came to de- 
pend mainly upon the ingenuity, resourcefulness, and 
endurance of the instructional staff. 

It is here suggested that the discussion of theoretical 
considerations be supplemented with a thorough in- 
struction in the details of basic laboratory operations. 
Emphasis should be placed upon development of the 
ability to recognize the operational parts of a procedure 
and to select intelligently those methods of performance 
for the various operational units that will assure final re- 
sults of the required precision and accuracy. An in- 
tense effort for a relatively short time should give re- 
sults far superior to those attainable with a laboratory 
instruction which leaves the student with the hazy 
comfort that he might be able to perform more difficult 
assignments by a greater effort on his part, but with no 
definite ideas concerning the kind or direction of the 
effort to be made. 

The following two sections describe briefly how the 
proposed procedure of instruction may be put into prac- 
tice by making the intelligent performance of unit 
operations the goal of the course. 


PROPOSED METHOD OF 
LABORATORY INSTRUCTION 


The laboratory teaching is based upon individual 
use of a professional treatise on unit operations, which 
the student is to consult for all operational details of the 
experiments. * 

The unit operations are presented in a systematic 
manner‘ to aid the memory and to emphasize clearly 
the principles upon which they are based, the similari- 
ties, and the differences. Manipulations are de- 
scribed with the proper amount of detail; alternatives 
are given wherever desirable. Concise statements 
concerning limitations are supplied to permit intelligent 


3 BENEDETTI-PicHLER, A. A., “Essentials of Quantitative 
Analysis, An Introduttion to the Basic Unit Operations,’ Ronald 
Press Co., New York, 1956. 

Hauert, L. T., Anal. Chem., 29, 45A—47A (1957). 
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selection. In general, the description of unit operations 
includes procedures for working with small amounts of 
material, centigrams (semimicro) and milligrams (mi- 
cro). 

A collection of practice experiments is supplied in the 
form of an appendix and contains directions for all de- 
terminations customarily used in introductory courses. 
Alternatives are offered, and additional directions and 
suggestions suffice for two terms of advanced work. No 
distinction is made between inorganic and organic 
analysis since, with the emphasis upon general method- 
ology, it would contribute nothing and raise an artificial 
barrier to general reasoning. 

The descriptions of the practice experiments are so 
brief that the student is forced to turn to the treatise of 
unit operations for information on procedural details. 
Even less advice is given with advanced experiments. 
Finally, the student is directed to try procedures found 
in analytical journals and in collections of official testing 
methods. In nearly all instances, he is required to base 
his reports upon findings that have been checked by 
multiple performance of the experiment. 

Insistence upon performance in duplicate and tripli- 
cate is deemed necessary for establishing the habit of 
repeated observation. It produces several other bene- 
fits aside from developing efficiency. It forces the stu- 
dent to organize his work and it prevents him from ac- 
quiring the habit of fiddling or fidgeting with one deter- 
mination. The overly conscientious type is sub- 
stantially aided by not having time for useless worry and 
by the consolation that triplicate performance allows 
loss of one experiment. Multiple performance creates 
a professional air of purpose and urgency, and it fre- 
quently saves time by eliminating the need for repetition 
of experiments. 

For the convenience of the instructor in organizing 
the course with the stock room, every laboratory assign- 
ment starts with a list of apparatus and reagents. This 
is supplemented by a brief description of the nature of 
the sample for analysis. 

The statement of the principles upon which the de- 
termination is based is followed by reading assignments 
and problems that are closely connected with the ex- 
periments and furnish the information for an intelligent 
performance of the task. If text and laboratory assign- 
ments are announced in advance, interested students 
may save some valuable laboratory time by organizing 
the work at home. 

Naturally, a special effort must be made at the start, 
when it is most essential to establish the habit of the 
proper method of study and the students have so many 
questions that the instructor is continuously tempted 
to interrupt the individual work by announcements. 
A quiz, assigned as home work at the first meeting of the 
class, may serve for teaching the use of the text and for 
preventing some of the most disastrous mistakes fre- 
quently made in the laboratory. The author will sup- 
ply the questions and other mimeographed information 
upon request. 

The laboratory assignments end by telling the student 
what to calculate and what to report. It is advisable 
not to accept reports that deviate from the directions 
and to post a schedule of dates on which specific reports 
aredue. On the other hand, the students are materially 
aided by prompt checking of reports. 


THE SECOND TERM COURSE 


Enough work is scheduled for the introductory co irse 
to keep the most efficient and ambitious students b isy. 
An advanced course is used to give the average stu ent 
an opportunity to finish the basic assignments of the 
introductory course. In addition, all students arc re. 
quired to try the calibration of weights and volum¢tric 
apparatus. For the remainder of the laboratory t me, 
the students at Queens College are invited to s lect 
a menu according to individual preference. No ad- 
ministrative difficulties arise when the choice is limited 
to the experiments treated in the manual; using the 
lists of reagents and apparatus, the students can eff- 
ciently deal with a stock room that has been inforined 
of the possible requirements. 

The calibrations are intentionally reserved for ad- 
vanced work since they would take too much time in a 
beginners’ course. As part of the first course, however, 
the reliability of weighing and measuring is denion- 
strated by simple experiments which also serve to pro- 
vide exercise in these techniques. The method of the 
National Bureau of Standards for the calibration of 
weights is described. _Its application to the calibration 
of one decade does not require much time and provides 
a unique experience that should not be missed in ad- 
vanced training. 

Provided that the analytical balances are in good 
condition, determinations on the centigram or semi- 
micro scale are possible with the use of tares and cali- 
brated centigram weights. The assembling by the stu- 
dents of a combustion train and performing of micro- 
determinations of carbon and hydrogen in simple or- 
ganic compounds are within the range of possibilities and 
have been tried with success. 


ADVANTAGES OF THE PROPOSED METHOD 


The proposed procedure of laboratory instruction 
gives a reasonable chance of attaining the teaching goal 
with the average student. In addition, it has other fea- 
tures that should prove generally attractive. 

The instructor should tacitly assume the attitude of a 
director of research for the testing of analytical pro- 
cedures. It is proper to conduct any science laboratory 
in the spirit of inquiry, and this trend is aided by the 
substitution of a professional manual for the customary 
school text. The interest, morale, and efficiency of the 
students will improve with the degree to which the illu- 
sion approaches reality. In addition to the students’ 
favorable response, the instructor will obtain answers 
to the very intriguing problems that arise whenever new 
methods are tried or changes are made in establisiied 
procedures. 

Aside from the need for supplying a brief but lucid 
outline of the theory of errors, the lecturer is free to pro- 
ceed without particular concern about the progres~ of 
the laboratory work. He will try molding lecture «nd 
laboratory work into an entity since this aids the in- 
terest in both, but he need not adhere to a time t:)le 
and he may feel free in the selection and treatment of 
topics. 

From the administrative point of view, it is desir: \le 
that the method of instruction have great flexibil'ty. 
The order in which the experiments are performed my 
be changed and need not be the same for all student» of 
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a cluss. Performance in triplicate naturally causes a 
student to have six beakers on the steam bath at one 
time or to need four Tirrill burners and tripods at an- 
other. 

Instruction in the professional use and care of bal- 
ances, volumetric apparatus, thermometers, and possi- 
bly colorimeters and spectrophotometers serves not 
only as an introduction to instrumentation, but will also 
meet with the approval of future employers and asso- 
ciates of the trainees. After 17 years, the inexpensive 
analytical balances used by the author’s students are 
still suitable for semimicro work and the electric drying 
ovens are still practically new. 

Ambitious students find it possible to acquire a fair 
amount of experience in the introductory course. 
Various students have successfully carried out three 
gravimetric and seven titrimetric determinations in 
addition to the determination of three volume ratios and 
of the normality of six standard solutions. Because of 
the required multiple performance, this implies comple- 
tion of about 50 to 60 individual experiments. 


SUITABILITY OF POSSIBLE ALTERNATIVES 


It cannot be denied that the personality of the teacher 
may be the most important single factor determining 
the impact of a subject upon a student. Under com- 
parable conditions, however, it may be readily recog- 
nized that significant deviations from the proposed pro- 
cedure must diminish the general effectiveness of lab- 
oratory instruction. 

Individual personal instruction for the training of 
beginners requires one teacher for every three or four 
students. Personal instruction of larger groups is im- 
practical. Aside from the fact that absences become 
a problem, the rate of progress must be adjusted to the 
slowest. Very soon, the instructor faces the alternative 
of either neglecting the slow members of the group or 
losing control over the majority who get bored and im- 
patient. If conditions suggest it, group instruction may 
be used at the start, but it should not be continued for 
more than a few periods. 

Any form of written laboratory directions has the 
great advantage of permitting individual progress. 
Most convenient for fast work are directions that give 
all detail at the point where it is needed. This means 
that all experiments must be described with inclusion of 
all operational detail to permit changing the order of 


performance. It also becomes necessary to reduce 
explanations to a minimum or to eliminate them en- 
tirely in order to keep the volume of the directions 
within reasonable bounds. Written instructions of 
this kind not only lack flexibility, but they are decidedly 
harmful since they invite thoughtless cooking and pro- 
duce a confused medley of impressions which cannot be 
retained clearly since they are without order and system. 
Undesirable associations are formed, that connect 
specitic tasks to trifling details of manipulation and pre- 
vent the recognition of general principles. 

Supplying manipulative detail in footnotes to the 
procedures may be an improvement, but the operational 
counseling still remains attached to particular proce- 
dures and cannot be given in a systematic manner and 
with the appropriate thoroughness. Flexibility may be 
attained by collecting the footnotes in a separate section 
or substituting for such a collection a dictionary of unit 
operations or an introductory chapter in which the 
needed operations are briefly described. All these de- 
vices, however, do not provide the desirable complete 
and systematic information needed for vocational train- 
ing. The customary sketchy treatment of the manipu- 
lative part stems from a refusal to recognize the in- 
efficiency of personal instruction in large classes and 
may be harmful by creating the impression that “quan- 
titative” results may be obtained without painstaking 
attention to detail. It is felt that it is impossible to find 
a justification for a course in quantitative analysis that 
fails to emphasize the niceties of laboratory performance 
which are the distinctive feature of the subject. 


SUMMARY 


It is suggested that the effectiveness of laboratory in- 
struction in quantitative analysis may be considerably 
improved by a shift of emphasis, while the customary 
selection of practice experiments may be retained. The 
suggested change may appear purely formal, but is 
actually quite radical. It centers around the open 
acknowledgment that the foremost purpose of the 
quantitative laboratory is a training in the intelligent 
and precise performance of unit operations, wherein the 
scheduled tasks assume the status of practice experi- 
ments. The student is taught the reasoning and the 
systematic procedure for a professional performance of 
laboratory tasks, and he should be able thereafter to 
apply this method to problems of increasing complexity. 


and, as it were, aesthetic. 


bilities of things. 


lives.” 
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**Science is an example par excellence of a liberal art—a deliberate selective recording 
of experience, which releases men from the narrowness and urgency of routine affairs, 
carries them beyond accidents and limitations of their lives, and makes it possible for 
their commerce with the world to have scope, order, and systematic consequences. 
It has beer used as an instrument of . . . war, but its primary function is more humane 
And its relationship to practice is the relation of any fine 
and liberating art—it carries men beyond the foreground of their experience, and en- 
larges the dimensions of human choice by acquainting men with the alternative possi- 
Quite apart from its technological applications, it represents, to use 
an old philosophical expression, a ‘final good’—something which has its own inner 
dynamism, goes its own way, and can give stability and direction to the rest of our 


Quoted by permission from “The Case for Modern Man,”’ Harper & Brothers, 1956 


CHARLES FRANKEL 


THE CHEMICAL AND RELATED LITERATURE 
OF THE NEAR EAST’ 


Donrine the last few years it has become increasingly 
apparent to chemists, particularly those concerned with 
literature, that it is advantageous to know more about 
the chemical and related literature of foreign countries. 
Recognition of this need is evident in the number of 
papers on the subject read before recent meetings of the 
A.C.S. Division of Chemical Literature and, subse- 
quently, published. Thus, the pertinent literature of 
Australia, France, Germany, Holland, Israel, Italy, 
Japan, Russia, Scandinavia, South America, Spain, and 
Switzerland has been discussed. The present paper 
will describe the chemical and related literature of the 
Near East, meaning Afghanistan, India, Iran (Persia), 
Iraq, Lebanon, Jordan, Pakistan, Syria, and Turkey. 
Israel, although undeniably a part of the Near East, is 
not included, since its literature has already been dis- 
cussed by Frankl and Brown (1). 


HISTORICAL DEVELOPMENT 


India and Pakistan. A relatively highly developed 
culture is known to have existed several thousand years 
ago in the area now known as India and Pakistan. 
Hand in hand with that culture went a considerable 
amount of scientific knowledge and literature. 

Some of the so-called Vedas (sacred knowledge) may 
have been written as much as 5000 years ago (2). 
Among the Vedas are the classics of early Indian scien- 
tific literature called the Ayur-Vedas, meaning ‘Sciences 
of Life.” This word also signifies the Hindu system of 
medicine. Ayur-Vedan medicine has been preserved 
into modern times and is still being practiced in India 
today. The Ayur-Vedas contain references to medi- 
cine, pharmacy, botany, and chemistry. They may 
well be considered, therefore, to be the earliest chemical 
literature in India. Another section of the early Vedas 
called Rasayana deals with chemistry. 

Perhaps the most important of the Vedas are those of 
Susrata or Susruta. He was a great surgeon with a sur- 
prising knowledge of biology, pharmacy, and chemistry; 
for example, he described methods of preparing oxides, 
sulfates and chlorides of six metals, and used anesthetics 
to relieve pain (3). He divided his materia medica into 
37 parts, according to the diseases which the drugs he 
described were used to combat. He mentioned 700 
vegetable drugs, including cannabis, ricinus, and 
aconite (2, 4). Susrata’s life span and his contempo- 
raries are not known accurately. The West first learned 
about him in 1823 through Professor Wilson of Calcutta. 
His works were translated into Persian around A.D. 


1 Presented before the Division of Chemical Literature at the 
131st Meeting of the American Chemical Society, Miami, April, 
1957. 
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850, and a modern translation appeared in German y in 
1844 (by Franz Hessler, Erlangen). 

It should be mentioned that most of the ancient 
Indian literature was written in Sanskrit. The lan- 
guage of the Vedas is often termed Vedic Sanskrit. 

Another important scientific writer of the carly 
Hindu era was Charaka, who wrote voluminous books 
on medicine (120 chapters). He knew the use of emet- 
ics and purgatives and described many. Vrinda (about 
A.D. 950) noted the preparation of mercury sulfide (5). 
Before that time (early in the sixth century) Vari- 
hamihira in his Vrihat Samhitd explained the prepara- 
tion of chemicals and of pain-relieving powders that 
may have contained a curare-like principle (4). 

Hindu chemists of the period mentioned also knew 
chemical processes such as distillation and sublimation 
and had a good knowledge of metallurgy. Patanjali 
(200 B.c.) and Nagarjuna (early Christian era) were 
pioneers in iron manufacture (Loha-Shastra or the 
‘Science of Iron’’) (6). 

It is interesting to note that the early Hindu scientists 
and writers had a liking for chemical theories. One, 
the Nydya-Vaiseshika, dealt with molecules and atomic 
combinations many hundred years before any under- 
standing of these things developed in the western 
world. This theory claimed that atoms are eternal, 
ultimate, indivisible, and infinitesimal (4). 

Of medieval Indian literature, the Rasarnava of the 
eleventh century is of interest as it describes a chemical 
laboratory and apparatus. Madanapala-Nighantu, 
written around 1374, is a treatise on drugs. Zinc is 
mentioned as a separate metal, anticipating by over a 
hundred years the revelations of Paracelsus (1493-1541) 
Finally, Rasa-Ratna-Samuchchaya, a treatise on metal- 
lurgic processes, should be mentioned. It was written 
in the fourteenth century (6). 

During the sixteenth and the seventeenth centuries 
the Dutch arrived in India. Their explorations are re- 
flected in the writings of Jacob Bontius (1598-1631), 
who was a pioneer in tropical medicine and the author 
of De Medicina Indorum, published in Holland in 1'\42. 
William Tiso (1611-78) wrote De Indiae utruisque re 
naturali et medica (Amsterdam, 1658). Hendrick 
Adrian Van Rheedes (born about 1637) publi-hed 
Hortus Malabaricus, a work of 12 volumes, deseri} ing 
the flora of the Malabar Coast. George Eber!iard 
Rumplius, better known as Plinius, has become known 
to posterity for his Books of Herbs of Ambonia, de: |ing 
with plants native to the East Indies (7). 

The 300-year period of extensive colonization of | idia 
by the Dutch, French, British, and Portuguese yie'ded 
little in the field of chemical and related litera‘ ure. 
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Modern periodicals appeared in India first in the fields 
of clinical medicine and only much later in chemistry. 
Suffice to mention here that a medical journal, the 
Indian Medical Gazette, started appearance in 1865 in 
Calcutta. 

The first purely chemical periodical in India may have 
been the Journal and Proceedings of the Institution of 
Chemists (India), which started publication in 1918, 
likewise in Calcutta. It was preceded, however, for a 
few years by the Proceedings of the Indian Academy of 
Sciences in Bangalore in 1912. 

The foundation of the Indian Chemical Society in 
1924 was followed by the publication of its Journal, 
which is considered the most important chemical pe- 
riodical in India. A great number of other chemical 
and related journals followed, and today the Indian 
chemical and related literature has assumed a note- 
worthy position in the world literature dealing with 
chemistry and related sciences. 

Pakistan, as is well known, became an independent 
state within the British Commonwealth of Nations in 
1947. The development of scientific literature in that 
country, however, has proceeded only at a slow pace. 
In volume and importance, it is not equal to the Indian 
scientific literature. 

Iran (Persia). Much less is known about ancient 
Persian scientific writing than we have learned about 
that of India. The Books of the Zard Avesta, the sixth 
of which is called Vendidad, describes old Persian 
medicine and is perhaps the oldest (8). The Persians 
differentiated three kinds of doctors, the ‘Knife doc- 
tor,” the ‘Herb doctor,” and the “Exorcising doctor” 
(9). 

Alrazi (865-925), also known as Rhazes, was born in 
Ray outside of Teheran. He wrote Kitab-al-hani, 
later translated into Latin. He described some chemi- 
cal experiments, and knew how to make alcoholic 
beverages of the brandy type (10, 11). Rhazes was 
also instrumental in introducing the extensive use of 
mercurial ointment in the Arabic and western world 
(12). He possessed considerable chemical knowledge, 
and wrote a total of 113 major medical and scientific 
books (13). 

Ibn-Sina, better known as Avicenna (978-1036), 
made a deep impact on the medical writing of Europe 
which persisted almost up to the seventeenth century. 
He was still an influence in oriental medicine at the be- 
ginning of the twentieth century (14). Avicenna wrote 
more than 100 books, among them the so-called Canon 
medicinae Avicennae (the Arabic title is Qandm fi’l 
Fibb). Parts of the Canon deal with simple drugs and 
compounded remedies. 

Ali Ibn Rabban (about a.p. 850) wrote Ferdawsul- 
Hikmat or “Paradise of Wisdom,” of which only two 
manuscript copies are known to exist. One is in the 
British Museum in London. This work deals with 
medicine and also reviews Indian contemporary materia 
medica (13). Ali Ibn Abbas or Haly Abbas (994) is 
the author of Kitab-Al-Maliki, a medical encyclopedia, 
iene into Latin as Liber Regis, Regalis Dispositio 
2). 


I}n Sarabi, called Serapion junior, was born in Persia 
or Spain in the eleventh or thirteenth century. He 
Wrote the Liber De Medicamentis Simplicibus or De 
Tem peramentis Simplicium (2). 
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As the history of Persia shows, the importance of this 
country has greatly decreased since medieval times. 
This is reflected in the lack of significant scientific 
literature during the last eight hundred years. Today 
the country has gained importance again, and has a few 
universities and a nucleus of scientific life. Iran, as 
Persia is called now, has only a few scientific journals. 

Iraq and Syria (Babylonia and Assyria). The old 
areas and political entities known in history as Baby- 
lonia and Assyria closely correspond to the modern 
states of Iraq and Syria. Any discussion of scientific 
literature of the two latter countries automatically 
includes the ancient states. Thus scientific literature 
in that area may be considered to go back to 3500 B.c., 
to laws regulating the practice of pharmacy contained 
in the Code of Hammurabi. 

In the library of King Ashurbanipal of Assyria, clay 
tablets from around 650 B.c. reveal knowledge of drugs, 
preparation of medicines, and pharmaceutical prin- 
ciples. The British scholar R. Campbell Thompson 
identified 250 vegetable and 120 mineral drugs from 
descriptions in these clay tablets (15). Thompson has 
discussed the chemical knowledge of the Assyrians in 
his Assyrian Herbal (16). 

In the seventh century a.p., Mohammedanism con- 
quered the area under consideration, and during the 
medieval era little scientific writing was produced. 
However, Ibnal-Baitar, who died in Damascus in 1248, 
is worth mentioning, as he wrote Kitab al Jami (“Book 
of Simple Drugs’’), listing 145 mineral drugs, 130 
animal drugs, and 1800 of vegetable origin. This 
author knew the process of distillation and applied it to 
the manufacture of rose waters (17). Also to be men- 
tioned is Bar Hebraeus or Abul Faraq Gregorius, a 
physician, who died in 1286. His writings were trans- 
lated into Latin in 1663 and reedited by the Catholic 
Press in Beirut in 1890. Finally, Algazel (Ghazali) is 
of some importance. He lived in Baghdad around 
1100 and advanced a “Theory of Fire” (oxidation). 

Other Countries. There is little evidence of much 
scientific activity in the rest of the Near East prior to 
recent times, although Istanbul University, founded in 
1453, is one of the oldest in Europe. However, since 
World War I, Turkey has made great progress and now 
has several universities, and a sizeable number of 
scientific journals are published there. In Lebanon, 
the American University, the French Faculty of Medi- 
cine and Pharmacy, and a few scientific journals are 
indications of increasing scientific activity. 
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The volume of modern chemical and related litera- 
ture of the Near East has not achieved much statistical 
importance. Boig and Howerton, in their analysis of 
the history and development of chemical periodicals, 
found India to be in the 12th place in 1950 in the num- 
ber of abstracts of papers dealing with analytical 
chemistry published by Chemical Abstracts (18). 

In 1949, Chemical Abstracts printed abstracts of 39 
organic articles from the Journai of the Indian Chemical 
Society and 36 articles from the Proceedings of the 
Indian Academy of Sciences. In the same year 927 
organic articles were abstracted from the Journal of the 
American Chemical Society. In 1949, also, two articles 
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were abstracted from Turkish journals dealing with 
organic chemistry (19). 

Information concerning some academies, institutes, 
societies, and universities has been summarized in 


Table 1. A limited number of periodicals selecte:! oy 

the basis of their importance are listed in Table 2 
Patents of invention are granted by all governn ents 

of the countries covered in this paper (20). See Tai |e3. 


TABLE 1 


Coun- Academies 
tries (21, 23) 


Institutes and Societies 
(21) 


Universities 
(21) 


Coun- Academies 
tries (21, 23) 


Institutes and Societies 
(21) 


Univers 
(21 


Afjghani- Afghan 
stan ew, 
India Academy of 
ience, 
1934 


Iranian 
Academy, 
1935 


raq 
Academy, 
1940 


Afghan Institute of Technology 
Research Institute of Kabul 


National Chemical Laboratory, 
India, 1950 

Council of Science and Indus- 
trial Research, 

Central Drug Research Insti- 
tute, 1951 

a Institute of Science, 


Bose Research Institute, 1917 

Central Laboratories for Scien- 
tific and Industrial Research, 
1954 

Indian Chemical Society, 1924, 

50 members 

Indian Medical Association, 
1926, 14,000 members 

Indian Pharmaceutical Associ- 
ation 

Society of Biological Chemists 

Institution of Chemists 

Svndicate of Pharmacy 

Doctor’s Club of Iran 


Royal Medical Society 


Institute of Scientific and In- 
dustrial Research, 1935 


Pohantoon (Ka- 
bul) Univer- 
sity, 1946 

Calcutta, 1857 


Madras 
Delhi, 1922 


Jammu and Kas- 
mir, 1948 

Lucknow, 

Travancore, 1937 


Bombay, 1857 


Tabriz, 1947 
Istahan (Medical 
College), 1949 
Teheran, 1935 
cole Profession- 
elle Supérieure 
de Teheran 
Royal Faculty of 


9 
College of Engi- 
neering 


Jordan 


Lebanon 


Pakistan 


Pakistan Association for the 
Adva of S 


1947 
Pakistan Medical Association 
Central Laboratories of the 
Pakistan Council of Science 
and Industrial Research 


Turkish Biological Society, 
1949, 550 members 

Turkish Medical Society, 1856, 
312 members 

Turkish Microbiological 
Society, 1931 


The Chemical Society of Tur- 
key, 1919, 962 members 


Turkish Society of Pharmaceu- 
tical Chemistry 


Teacher's ( ollege 


American | 
versity Heirut, 


culty of 
and 
ary, 


Higher Se! ool of 
Engineering, 
1913 


Dacca, 1921 


Panjab, 1882 
Sind, 1947 
Karachi, 1952 


Peshawar, 1950 
Damascus, 1924 


Ankara, 1946 
Istanbul, 1453 


Technical Uni- 
versity of Is- 
tanbul, 1773 

Aegean Univer- 
sity of Smyrna, 
1955 

Robert College, 
1863 


Title 


Published by: 


First 
appear- Ap- 
ance pears® 


Title 


Published by: 


First 
appear- Ap- 
ance _—pears® 


AFGHANISTAN 


Bulletin Sciéntifique de Caboul 
Journal d’Institut des Recherches 
Sciéntifiques de Caboul 


Current Science (India) 


INDIA 


Current Science Association of 


Bangalore 


Indian Journal of Medical Research 


1942 
1942 


Bulletin of the Institute of Scien- 


IRAQ 
Baghdad 


tific and Industrial Research 


Journal of the Royal Faculty of 


Medicine of Iraq 


Jordan Medical Journal 


Baghdad 


JORDAN 
Amman 


LEBANON 
Beirut 


1936 


Indian Journal of Medical Science Board of Indian Jour- 


Indian Journal of Pharmacy 


Indian Journal of Physiology and 


Allied Sciences 
Indian Medical Gazette 
Indian Medical Record 
Indian Pharmacist 
Indian Phytopathology 


Indian Science Abstracts 

International Medical Abstracts 
and Reviews 

the Indian Chemical 


(Industrial and News Edition) 


Journal of the Indian jootients of 


Sciences. Sections A and B 
Journal of the Indian Medical 
sociation 
Journal and Proceedings of the 


nal of Medical 
Sciences, Bombay 

Bombay 

Physiological Society, 
Calcutta 

Calcutta 

Calcutta 

Calcutta 

Indian Phytopatho- 
logical Society, 
New Delhi 

National Institute of 
Science 

Calcutta 


Indian Chemical So- 
ciety, Calcutta 
Indian Chemical So- 


ciety 
Indien Institute of 
Sciences, Bangalore 
Indian Medical As- 
sociation, Calcutta 
Calcutta 


Institution of Chemists (India) 
Journal of Scientific and Industrial 
Research (India). Sections 


New Delhi 


Proceedings of the Indian Sandemy 
of Science. Sections A and B 

Rassayanam 

Science and Culture (Calcutta) 


Indian Academy of 
Science, Bangalore 

Poona 

Calcutta 


IRAN 


Ecole Professionelle 
Supérieure de 


Ehteraat (Invention) 


Teheran 
Publications de la Faculté des University of Teheran 
de l'Université de 
Tehera 
Revue ry la Faculté de Médicine 


World of Medicine 


Teheran 
eheran 


Le Journal Médical Libanaise 


The Lebanese Pharmaceutical 
Journal 

Revue Médicale du Moyen-Orient 

Revue Médicale et Sciéntifique 


Beirut 


Beirut-Paris 
Beirut 


PAKISTAN 
Pabisten Association for the Ad- University of Lahore, 
of 8 , Annual Department of 
ort Chemistry 
Pelle Journal of Science (In- University of Lahore, 
cluded Pakistan Journal of Department of 
Scientific Research) Chemistry 
Pakistan Medical Journal Karachi 
Sind Medical Journal Karachi 


SYRIA 


Damascus 
Damascus 


Message of Chemistry 
Circulars of Extension Service, 
Ministry of Agriculture, Syria 


TURKEY 

Acta Medica Turcica, Quarterly 
Bulletin of the Ankara Univer- 
sity, Faculty of Medicine 

Biologi Turkish Society of 
Biolo; 

Istanbu’ 

Society of Pharma- 
ceutical Chemists, 
Istanbul 

Istanbul 


Ghemistry and Industry 
Farmak 


Revue de l’Association Génerale des 
Chimistes de Turquie A et B 


Revue de la’ Faculté de Science des University of 1935 
d’Istanbul Istanbul 


Istanbul 
Review of the General Association Ankara 1946 
of Turkish Chemists 


@ I, Irregularly; M, Q, quarterly; 
nually; SA, semi-annually; W » week 
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French Tw 
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1883 
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Syria Arab | 
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ani Science, 
(22) 
1938 M Q 
1880 M 
1945 M | 
1947 SA 
1948 BM 
1949 M 
M 1947 () 
1923 M — 
1918 Q 
1900 BM 1948 
1928 Q 
1938 
195 t a 
1913 M year 
1953 I M (A) 
1935 M 3X a 
year 
B) 
M + Xa 
year 
1943 
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83 
er Sc!iool of 
Agine< ing, 
13 
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nical Uni- 
rsity of Is- 
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an Univer- 
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5 
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rst 
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36 
SA 
50 BM 
47 6 Xa 
year 
52 
Q 
M 
51 
iS BM 
‘9 
8 
8 
0 «Xa 
year 
(A) 
3 Xa 
year 
B) 
¢ 
\ 
6 Xa 
year 


TABLE 3 
(20) 


Type of 
chemical Patent 
patents granted 


Countries granted for years Unpatentable Patent journals 
Afgha istan Process 1-15 Methods for 


making medi- 
cine 


India Process 16 
Iran (Persia) Process 5, » 15, Pharmaceuticals 


Iraq Process 15 Pharmaceuticals 

Jorda: Process 16 

Lebanvn Process 15 Pharmaceuticals 

Pakistan Process 16 

Syria Process 15 Pharmaceuticals 

Turke Process 5,10,15 Pharmaceuticals Gazette of the 


Office for the 
Protection of 
Industrial 
Property 
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Talent Search winner to Washington. 


Dear Sirs: 


would be of value to me in my work. 


EpvucaTION: 
1926: 
1930: July 


1934: Jan., Mar., June, Aug. 
1937: Feb., Oct., Nov. 

1938: Apr., Nov. 

1940: ar., June, Aug., Sept. 
1949: Feb., Aug., Nov., Dec 
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Help! 


Tue following letter addressed to a chemical company was passed on to the A.C.S. office. From 
there it came to the Editor’s desk. Mr. Petit has collected a file of pleasant letters, but no hoped- 
for copies of the JouRNAL have shown up. We bring this to the attention of our readers in the 
hope that some may be able to take their old issues out of the dusty isolation of an attic and put 
them into the bustling activity of a high school laboratory that has already sent one Westinghouse 


Grants Pass Public Schools 
610 N. E. A Street 
Grants Pass, Oregon 


Perhaps this is an unusual request, but one learns little without asking. 

I am a chemistry teacher in a rather isolated section of the West and do not have access to 
either a large library or college facilities. In my teaching I try to make considerable use of the 
project method but find myself handicapped by lack of reference material. Last summer I had 
the opportunity of attending one of the summer institutes sponsored by the N.S.F. In my spare 
time I spent many hours in the library, and among other things surveyed all of the issues of the 
JoURNAL OF CHEMICAL Epucation from Volume 1, on. I was looking especially for articles that 
could be developed into projects by my high school students. I located quite a number of them 
and would like very much to have copies for reference use. Perhaps among the chemists employed 
by your company there are some who have back issues of some of the chemical literature that 


The materials I would like most to obtain are the following issues of the JouRNAL oF CHEMICAL 


1950: Jan., Feb., Mar., Apr. 
1951: Apr., May, Dec. 
1952: Feb., Mar., May 
1953: Jan., July, Oct. 

1954: Apr., Nov. 

1955: Feb., May 


I would certainly appreciate any help you can give me. 


Very truly yours, 
E. Perrr, Chemistry Instructor 


* * * 
\, an- 
— 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


REPORT ON PHOTOCHEMICAL SMOG 


A crear deal has been written and still more has been 
said about the Los Angeles air pollution problem. There 
is evidence that some improvements have been made 
in the situation, but much work remains to be done, and 
for several years there will continue to be an appreci- 
able number of days during which polluted air will be 
objectionable. One distinguishing characteristic of 
Los Angeles’ air pollution is its photochemical nature. 
For this reason, it is sometimes called “photochemical 
smog.”’ 

It is the purpose of this paper to summarize present 
knowledge of the causes of Los Angeles smog, compare 
it with other urban smogs, and discuss the availability 
of remedies. 

Air pollution problems in London, Pittsburgh, St. 
Louis, and other cities having a similar weather regime 
differ in certain respects from those in Los Angeles, San 
Francisco, and San Diego. Since much air pollution 
results from incomplete combustion of fuels, the differ- 
ences in the character of the air pollution arise in part 
from the difference in type and quantity of fuels used. 


LOS ANGELES SMOG VERSUS LONDON SMOG 


Table 1 has been prepared to summarize the differ- 
ences between Los Angeles and London smogs. There 
is, of course, some overlapping of the characteristics of 
the two types. 

The differences in meteorological and chemical 
characteristics of these two smogs are apparent from 
Table 1. London smog occurs on cold foggy days or 
nights and it is not caused by any one pollutant. Los 
Angeles smog occurs in the middle of hot sunny days 
and appears to be primarily due to organic matter and 
nitrogen oxides reacting photochemically to produce 
ozone and eye irritation. One other point should be 
mentioned: Several disasters have occurred with the 
London-type smog, not only in London, but also in 
Donora, Pennsylvania, and the Meuse Valley in which 
from about a score to as many as 4000 persons died. 
However, no such disaster has been recorded with pho- 
tochemical smog. 

Smog means different things to different people in the 
Los Angeles area. To the farmer it means plant dam- 
age; to meteorologists, pilots, and the general public it 
means reduced visibility; and to most people it means 
eye irritation as well as other forms of discomfort. In 
addition to temporary irritation, one of the reasons for 
much agitation and publicity about the Los Angeles 
problem is the inherent concern of people that air pollu- 
tion may have a permanent, deleterious effect on their 
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LEWIS H. ROGERS 
Air Pollution Foundation, San Marino, California 


TABLE 1 


Comparison of Two Types of Smog 


Characteristic 


Los Angeles 


London 


Temperature at time 
of occurrence 

Relative humidity 

Type of temperature 
inversion, 

Wind speed 

Visibility at time of 
maximum occur- 
rence 

Months of most 
probable occur- 
rence 

Major fuel used 


Principal compon- 
ents 


Types of reactions 


Effect on chemical 
reagents 

Time of maximum 
occurrence 

Principal effects on 


Subsidence 


<5 m.p.h. 
<1/2 to 1 mile 


August-September 


Petroleum products 


Ozone, organic mat- 
ter, nitrogen ox- 
ides, carbon mon- 
oxide 

Photochemical plus 
thermal 

Oxidation 


Midday 


Temporary eye ir- 


30-40°F. 


85% ( +fog) 
lation 


Calm 
<100 yards 


December-January 


Coal and petroleum 
products 

Sulfur compounds, 
particulate mat- 
ter, carbon mon- 
oxide 


Thermal 
Reduction 
Early morning 


Bronchial irritation; 


humans ritation coughing; some- 
times _ increased 
deaths among 
those with respir- 


atory diseases 


health. However, public health officials have so far 
been unable to establish any correlation between mor- 
tality or morbidity and any chemically or physically 
measurable smog parameters. 

Photochemical smog has some extremely interesting 
aspects in its occurrence and reactions. For example, 
why does it occur largely in the daytime? How can 
such obnoxious effects be created by concentrations of 
materials at a few parts per million? Why is its eo- 
graphic distribution, even in Los Angeles, so nonini- 
form? Why does it occur in West Coast cities more 
often than elsewhere? How can ozone be produce! by 
radiation in the 3000-4000 A. region whereas ozon In 
the stratosphere is produced by solar radiation at \ ive 
lengths less than 2000 A.? These questions have st iu- 
lated much research, and the answers are now wel! n- 
derstood. 


WHAT CAUSES PHOTOCHEMICAL SMOG? 


We need several conditions to produce photoch ini- 
cal smog: sources, stagnant air, and solar radia‘ \0n. 
Stated in another way, the appropriate combinatioi: of 
pollution, poor ventilation, and photons will form snivg. 


JOURNAL OF CHEMICAL EDUCATION 


( 
te 
| Ww 
| 
75-90°F. 
fe 
p 
t 
\ 
= 
5 


January 


2troleum 


mpounds, 
we 
on mon- 


‘ing 


Titation; 
; some- 
increased 
among 
sh respir- 


» so far 
mor- 
ysically 


ing 
cample, 
ow can 
tions of 
its 
nonuni- 
more 
iced by 
Zone in 
it wave 
-stimu- 
vel! un- 


chemi- 
jon. 
tioi of 
| smog. 


ATION 


Siagnant air is produced on the West Coast by a com- 
bination of weak winds and what is known as the sub- 
sidence inversion. This inversion is caused by air cir- 
cul::ting around a high pressure center, which is present 
over the eastern Pacific Ocean during most of the warm 
months. Its average base height is 1600 feet. Below 
the base of the inversion, temperature decreases with 
height; in the inversion itself, temperature increases 
wit!) height; and above the top of the inversion layer, 
temperature once again decreases with height. This 
warin layer, over a cooler layer of air, prevents normal 
mixing and acts as a trap for pollution. 

Another kind of temperature inversion, called a ra- 
diation inversion, sometimes occurs in other areas. 
When this happens, there is the possibility of a photo- 
chemical smog developing. For this reason, plus the 
increasing amount of pollution being put into the air, 
photochemical smogs can be expected to develop occa- 
sion:lly in cities other than those on the West Coast. 

Coupled with the subsidence inversion in Los Angeles 
is an average light wind condition which further con- 
tributes to air stagnation. In the spring, summer, and 
fall, surface winds average six miles per hour and are 
principally from the ocean. In September for exam- 
ple, this sea breeze may begin about 9:00 a.m. from the 
south, gradually increasing and shifting to the west, 
with a maximum speed occurring between 3:00 and 5:00 
p.M. It becomes practically calm by 10:00 p.m., then 
becomes light and variable, mostly from the north and 
east, until after sunrise. A more extended discussion of 
the meteorology of this area has recently been given 
by Neiburger (12). 

Daily variation in visibility (clear views of the moun- 
tains in the early morning, obscured by noon, and with 
visibility returning by evening) helped in the discovery 
that Los Angeles smog is a photochemical phenomenon. 

Another striking characteristic of photochemical 
smog is the daily variation in its oxidizing power. It 
has long been known in the rubber industry that tires 
and other rubber articles develop surface checking 
more rapidly in Los Angeles than in other parts of the 
United States. It was thought that this might be due 
to ozone, and there followed a long series of measure- 
ments of the ability of the atmosphere to oxidize various 
reagents, principally potassium iodide. Eventually, re- 
cording colorimeters were built to accomplish this meas- 
urement continuously. An example of the daily rec- 
ord from one such instrument is shown in Figure 1(A). 
The peak value, occurring around noon, with minimum 
value at night is highly suggestive of an association 
with the daily solar radiation intensity. The Los An- 
geles County Air Pollution Control District has about a 
dozen recording potassium iodide colorimeters at vari- 
ous stations located around the county with which 
continuous daily records are obtained. Peak values of 
the oxidant are found to depend on location of the in- 
strument with respect to sources of pollution, wind 
speed and direction, amount of solar radiation, and 
other meteorological variables. 

_ Another aspect of the photochemical nature of smog 
is illustrated in Figure 1(B). This curve was obtained 
by continuously exposing a flowing stream of outside 
air in 50-liter glass flask to mercury are lights. _Litt- 
man (/0) showed that this leads to oxidant formation, 
even it night. It is seen in Figure 1(B) that this is the 
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Figure 1. Oxidant Record from Recording Colorimeters Using Potas- 
sium Iodide at Pasad California, October 1, 1955 


Curve (A) shows data on outside air with natural irradiation; curve (B) 
shows data on outside air which has been additionally irradiated with mer- 
cury arc lights. 


case. Moreover, DeMerre (/) showed that polluted 
night air, similarly irradiated, produced damage to 
vegetation, while at the same time other plants were 
not damaged with nonirradiated night air. 

The original work of Haagen-Smit (5, 6) on photo- 
chemical reactions between various organic compounds 
and nitrogen dioxide to produce ozone was a major 
contribution to the understanding of the chemistry of 
photochemical smog. He demonstrated that a wide va- 
riety of organic compounds have an ozone-forming ca- 
pacity. Using small bent strips of rubber suspended in 
glass flasks to detect ozone, he irradiated mixtures of 
small concentrations of either saturated or unsaturated 
hydrocarbons, alcohols, aldehydes, ketones, organic 
acids, and other organic compounds in the presence of 
nitrogen dioxide. Moreover, only a narrow range of 
concentrations of the two reactants was found to be ef- 
fective in ozone formation. Other laboratories have 
duplicated and extended Haagen-Smit’s work by identi- 
fying some of the products with long path infrared 
spectroscopy (16). 


IMPORTANCE OF AUTOMOBILE EXHAUST 


When organic matter and nitrogen oxides were proved 
to be the principal contributors to photochemical smog 
it became clear that automobile exhaust was a major 
suspect. Emissions from other sources, including re- 
fineries and incinerators, have in recent years been 
brought under reasonable control and greatly reduced. 
Some of the evidence supporting the conclusion that 
auto exhaust is the major culprit was obtained from 
the following studies: the chemical composition of au- 
tomobile exhaust, comparison of the estimated quanti- 
ties of pollutants emitted by automobiles with those 
measured in the atmosphere, distribution of traffic as 
compared with the distribution of smog effects, wind 
trajectory studies, and photochemical studies with au- 
tomobile exhaust to produce smog effects. Each of 
these will be discussed briefly. 

Chemical Composition of Automobile Exhaust. Ex- 
haust has been subjected to numerous analyses in re- 
cent years, but only a brief résumé can be given here. 
The chemical composition of the exhaust depends on 
the composition of the fuel, design and state of adjust- 
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ment of the engine, and whether the engine is idling, ac- 
celerating, cruising, or decelerating. No two cars, even 
of the same model, are identical. Moreover, no driver 
can duplicate his operating method in driving over the 
same route. Some studies have been made in Los 
Angeles to determine average cycles of operation and to 
determine average emissions (17). Some generalized 
estimates of the amount and type of pollution resulting 
from automobile operation in Los Angeles are given in 
Table 2. A more detailed discussion with extensive lit- 
erature references will be found in Reference (3). 


TABLE 2 
Automobile Emissions in Los Angeles* 


Accelera- Deceler- 
Condition Idle Cruise tion ation 


Time (%) 10-20 10-20 30-40 25-35 
Air flow (c.f.m.) 6-8 15-35 30-35 6-8 
Nitrogen oxides in ex- 
haust (p.p.m.)? 10-50 1000-3000 1000-4000 10-50 
Emission of nitrogen 
oxides (tons/day ) 1-5 100-300 300-700 1-5 


Unburned fuel (wt. 
4-6 2-4 2-4 20-60 


0) 
Emission of hydro- 
carbons (tons/ 
10-50 200-600 100-500 50-300 


* Assumption: 3,000,000 motor vehicles; 6,000,000 gallons 
fuel consumed per day. 

Phenoldisulfonie acid analyses. 

° Infrared analyses as hexane. 


Although no detailed component analyses are given 
in Table 2, it is now well established that automobile ex- 
haust is a complex mixture of hydrocarbons, aldehy es, 
organic acids, and other partially oxidized fuel con. po- 
nents. Certainly one would expect dozens of ¢ m- 
pounds to be present in such a mixture. Since exh: ust 
also contains nitrogen oxides, these facts alone nike 
exhaust a prime suspect as a source of photochen ical 
smog. 

Concentrations of Atmospheric Hydrocarbons. 
ies have been made of the traffic density in Los Angeles 
County, and some isopleths of the traffic density ca: be 
drawn. Estimates were made of the total hydrovar- 
bon emissions per square mile per day, based on the 
motor vehicle population and an average fuel consu np- 
tion. Using these values, and assuming an average 
inversion height of 1650 feet, a calculated cumulative 
concentration per day can be determined. This calcu- 
lation gives a value of 15 parts per hundred million for 
the 0.1% traffic isopleth. For other traffic isopleths, 
corresponding values may be easily calculated. 

Hundreds of analyses to determine hydrocarbon con- 
centration in the air have been made in Los Angeles, 
and averages over a period of time reported (14). From 
these and the traffic isopleths we can calculate the 
ratios of measured to calculated hydrocarbon concentra- 
tion (4). For areas in which there was moderate to 
heavy traffic, but little heavy industry, these ratios in 
1954 varied from 0.5 to 0.8. In another area, near the 
refineries, the ratio was approximately 4. 
It therefore appears that, although these 
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estimates are necessarily crude, exhaust is 
a major source of hydrocarbons at points 
remote from the refinery area, whereas in 
the midst of the refinery area the refineries 
are a major source of hydrocarbons in the 
air. Any decrease in refinery emissions 
since 1954 when these measurements were 
made is not reflected in these statements. 

Intensity of Eye Irritation. Eye irrita- 
tion measurements have been carried out 
using subjective reports from panels of 10 
to 20 people, and the distribution of the in- 
tensity has been estimated by eye irritation 
isopleths (14). When the isopleths for 
traffic distribution and isopleths for cye 
irritation determined in 1954 are both 
plotted on the same map, as in Figure 2, 
an interesting pattern is observed. In spite 
of our inability to measure eye irritation 
with great accuracy, it may be seen that 
there was a higher percentage of days of 
eye irritation in the areas of greater trilic 
density and downwind therefrom. 

Wind Trajectory Studies. Meteorologists 
have developed a method of tracing a pa'cel 
of air using data on wind direction »nd 
speed. The path followed by such a pa'vel 
is called a trajectory. Neiburger (13) mde 
over 1000 such plots. With this procediire, 
estimates can be made of the probs le 
sources of pollutants that reach a sele: ed 
observation station on smoggy days. | oF 


Figure 2. Isopleths of Traffic Density and Eye Irritation Intensity in Los Angeles Basin 
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example, of 14 cases in which severe «ye 
irritation was observed in Pasadena, oily 
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6 trajectories passed near refineries. Most of the tra- 
jectories passed over regions of heavy traffic but not 
over industrial areas. This again points to vehicular 
exheust as a major contributor to smog. 

Photochemical Studies. The data and conclusions 
discussed in the preceding paragraphs are largely indi- 
rect evidence of the importance of automobile exhaust 
in the formation of photochemical smog. The most 
important question remains: Can smog effects be pro- 
duced simply by irradiating air containing automobile 
exhiust in concentrations similar to those in the open 
air? 

Several studies have been carried out on this matter. 
Haaven-Smit and Fox (7) showed that irradiation of 
exhaust-air mixtures produced ozone. Morriss and 
Bolze (11), Schuck (15), and Doyle and Renzetti (2) 
showed that eye irritation, ozone, oxidant, and aerosols 
were produced simply by irradiation of exhaust-air 
mixtures. Scores of experiments have repeatedly con- 
firmed these results. It is firmly established that irra- 
diation of concentrations of hydrocarbons and nitrogen 
oxides of a few parts per million originating solely from 
automobile exhaust will give rise to severe eye irritation 
as reported by a panel of human subjects; to ozone con- 
centrations up to 1 p.p.m. as observed by infrared ab- 
sorption; and aerosols sufficient to reduce the visibility 
from 60 miles to a few miles. 


REACTIONS IN PHOTOCHEMICAL SMOG 


A comprehensive survey of urban atmospheric pho- 
tochemical reactions has been given by Leighton (9). 
Johnston (8) summarizes the mechanism proposed by 
Haagen-Smit (6) as shown in Table 3. 

All three parts of the mechanism proposed in Table 3 
have been found to be necessary to explain both the 
formation of ozone in the observed concentrations and 
the effect of organic matter. Various biological reac- 
tions (with plants and people) are thought to take place 
with the partially oxidized molecular and free radical 
intermediates. 


TABLE 3 
Generalized Photochemical Smog Reactions (8) 


I. Inorganic photochemical cycle 
NO. + hy ~ NO +0 
0: +0+M—>0;+M 
NO + 0; NO, + 
II. Organic free radical chain oxidation 
O + RH — — free radicals + --- 
O; + olefin — — free radicals + --- 
organic substance + hy — free radicals + --- 
R+0O: — RO; 
RO.+ --- ~ RO +--- 
III. Effect of organic radicals on inorganic cycle 


RO + NO — RONO 
RO, + NO — RO,NO — (?) 


_ At present, the identification of some of the organic 
intermediates has been effected (16), but much more 
remains to be done in this field. 


CAN PHOTOCHEMICAL SMOG BE ELIMINATED? 


The purpose behind all the work which has been done 
on understanding the chemistry and finding the sources 
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of smog is its elimination. To the question “Can this 
be done?”’ the answer is a qualified “Yes.” The elimina- 
tion will depend on how much the citizens of Los Ange- 
les and other affected areas are willing to pay for a rem- 
edy such as a device to be used on automobiles. A suit- 
able device for the automobile should have a life expect- 
ancy of at least one year, be as safe as other automobile 
accessories, and not be too expensive. 


There are a number of devices being developed for the 
control of automobile emissions. The types which ap- 
pear promising include catalytic afterburners,- direct- 
fired afterburners, and nitric oxide eliminators. As to 
which of these will be most successful and when the de- 
velopment will be complete, it is only possible to guess. 
We believe that less than five years will be required for 
the necessary research and development. Following 
that, a decision must be made by the general public as 
to its acceptance and adoption. This decision will de- 
pend on many factors, not the least of which is the con- 
cern of persons for their health. We believe that a suit- 
able device will be accepted if adequate information on 
its performance is made known to the general public. 
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MAKING LANTERN SLIDES FOR 
IMMEDIATE PROJECTION: 


Tus talk will consist of a demonstration of a new 
photographic system that permits the snapping of a 
picture and its projection on a screen a few minutes 
later. The key to the system is a new film, the Polaroid 
Land Projection Film, which has a speed of 1000 (ASA 
equivalent), the fastest available on the market. This 
panchromatic film produces a virtually grainless image 
and can be projected to any size. It is easy to use, re- 
quiring no previous photographic experience, and be- 
cause the net cost for a slide is about one-third that 
of a conventional slide, the new system is of considerable 
interest in the field of visual communication. Essenti- 
ally, all the user has to do is to snap the shutter, pull a 
tab, and in two minutes, lift out a transparency that 
can be mounted and projected at once. The projected 
image is sharp and lifelike. 

Teachers have always found projected slides to be a 
valuable teaching tool, especially when explaining sub- 
jects far removed from a student’s experience. For 
example, slides showing the setup for an experiment in- 
stantly hold the attention of the student and increase 
his understanding and interest. Ordinarily, the prep- 
aration of good slides is time-consuming and expensive 
and requires a darkroom and photographic equipment. 

There are several other advantages of the new pro- 
cedure. The high speed of the film not only makes pos- 
sible the taking of pictures in extremely low light levels, 
but also permits the use of small lens apertures to in- 
crease the depth of focus. There is available a Polaroid 
device called the Copymaker which fits all Polaroid 
Land cameras that permits copying documents, ob- 
jects, photographs, book illustrations, titles—anything 
that will fit into the 11 X 14-inch space of the Copy- 
maker’s easel. In addition, the Polaroid slide mount is 
made of plastic and snaps together without additional 
fasteners, tape, or glass. (Mr. Rosenfield then took a 
picture of a teacher in the front row, developed and 


1 Abstract of a talk given at the 293rd Meeting of the New 
England Association of Chemistry Teachers, December 7, 1957, 
Wentworth Institute, Boston, Massachusetts. 


JAMES ROSENFIELD 
Polaroid Corporation, Cambridge, Massachusetts 


mounted it, and then projected it upon the screen in 
the elapsed time of three minutes.) 

As examples of the advantage of the on-the-spot de- 
velopment, we can cite the use made of it in a Boston 
hospital. Skin disease patients, brought before a class 
of 50 or more students, are photographed with closeup 
equipment. Pictures of the diseased areas are im- 
mediately projected, giving each student a closer look at 
the affected area than is usually possible in such classes. 
Another example: In Braintree, Massachusetts, the 
school safety officer photographs both good and bad ex- 
amples of street safety at crossings, as the students head 
for school. He uses the slides that same morning for 
his lecture to the student assembly. In another in- 
stance, a teacher took her class to visit a local science 
museum where there is a model of an atomic pile. Be- 
cause the whole class had difficulty hearing her dis- 
cussion at the exhibit, she photographed the model and 
the next day projected the slides and discussed the de- 
tails while the trip was still fresh in the minds of her 
students. 

To eliminate time-consuming instructions for appa- 
ratus setups, a science teacher photographed the appa- 
ratus before the actual experiment was performed in the 
laboratory. As there were several laboratory sections, 
the slides were used repeatedly, yet the instructor had to 
give his preliminary instructions only once. In addi- 
tion, the slides were used several weeks later as a re- 
view, again saving setup time. Closeups of experi- 
ments, made right in the classroom, can show such com- 
plicated procedures as the dissecting of a frog, and be 
used to let the whole class see the details usually visible 
only to those in the front row. 

Material written on the blackboard during one lass 
session can be photographed and used again in a !:ter 
section. Homework papers can be photographed and 
projected for discussion. The cost of recording such 
classroom materials is about 56 cents a slide. (on- 
sidering the saving of the teacher’s time and energy, 
this cost seems nominal indeed. 
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294th MEETING 


The 294th meeting of the New England Association 
of Chemistry Teachers, at Lincoln School, Providence, 
Rhode Island, on Saturday, January 25, 1958, proved 
to be a happy and stimulating occasion, despite the 
cold, snow, and rain outside. Approximately a hun- 
dred members and guests were on hand to be greeted by 
the headmistress, Miss Marion 8. Cole, at the start of 
the program, and many others arrived before the end of 
the day. 


Rocket Fuels 


The first technical speaker was Hoyt C. Hottel, 
Professor of Fuel Engineering at Massachusetts Insti- 
tute of Technology, who discussed “rocket fuels” from 
the viewpoint of a secondary school teacher. He started 
by outlining briefly the history of rockets and jet pro- 
pulsion. Then, using the principle of the force balance, 
he showed that in rocket motion the specific impulse 
(impulse per unit mass), which measures the tendency 
to move, is directly proportional to the exit velocity of 
the exhaust gases. This velocity can be calculated 
fairly simply, given the necessary data, because the 
kinetic energy of the exhaust gases equals the loss in 
potential energy the gases sustain during combustion— 
an enthalpy difference—and this in turn is measured 
by the product of the heat capacity of the exhaust gases 
and the temperature drop from the point of combustion 
to the point of exhaust. The temperature.drop is partly 
subject to engineering control, but also depends on the 
heat of combustion of the propellant, and is therefore a 
function of the chemical nature of the compounds used 
to power the rocket. The other variable factor, the 
heat capacity of the exhaust gases, is inversely propor- 
tional to their molecular weights, so that if other things 
are equal the best propellant is the one that gives com- 
bustion products having the lowest molecular weights. 

Other things are not equal, however; cost, corrosion 
problems, the specific volume of fuel and oxidant, and 
various miscellaneous factors have to be considered. 
The best practicable combination of oxidant and fuel is 
probably liquid oxygen and liquid hydrogen, at least at 
present; also important, because of the much lower cost, 
is liquid oxygen and kerosene; if neither cost nor corro- 
sion had to be considered, fluorine and hydrogen would 
be far superior to any other combination. 

Professor Hottel concluded with a slide showing the 
estimated cost of reaching the moon with liquid oxy- 
gen-liquid hydrogen and with fluorine-hydrogen. In 
conversation afterwards, he expressed the opinion that 
the Russian Sputniks were probably powered with 
liquid oxygen and kerosene. 


Patents 


The next speaker was Robert Finch of the Dorr- 
Oliver Company, Stamford, Connecticut, whose topic 
was, “How to get a U.S. patent.” He pointed out that 
the b: asic principle i in the issuance of a patent is that the 
inventor, in exchange for public disclosure of his inven- 
tion, is granted a monopoly in its use, or the licensing of 
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others to use it, for a definite period of time—in the 
United States, seventeen years. An invention may re- 

sult from work to an end, that is, some sort of research, 

or a flash of inspiration. The idea must possess novelty 

and utility, and it must embody both an idea and its 

reduction to practice; but the patent spplontion may 

be a sufficient reduction to practice. 

The inventor should exercise due diligence in the 
period between first recording his idea and reducing it to 
practice. If another person attempts to patent es- 
sentially the same idea, the question of due diligence 
becomes crucial. For example, if the applicant’s in- 
ception of an idea precedes inception by another claim- 
ant (his interference”), but is followed by a period of 
failure to exploit the idea, while the other claimant has 
exercised due diligence, the other claimant gets the 
patent. 

A patent application must define the invention in 
clear, precise language. An inventor’s best course in 
preparing an application is to get the help of a patent 
attorney and to provide him with the necessary back- 
ground information, rather than to deal himself with a 
board of experts in the subject matter of the patent. 
After the patent office receives and records the appli- 
cation, the claimant may wait six to fourteen months to 
hear from a patent examiner, and two to seven years to 
get the patent (if he does). 

After the business meeting, and a most delicious 
luncheon, NEACT members joined other guests of 
Lincoln School in inspecting and dedicating the new 
Winsor and Jerauld Science Wing. The handsome new 
laboratories, which avoid the usual institutional effect 
by liberal use of color, are admirable for completeness 
and compact design; student lockers, an instructor’s 
office, and a stock room with formica and plate glass on 
the shelves are neatly integrated with facilities for chem- 
istry, physics, and biology. The laboratories are so 
designed that classes are limited to twelve students in a 
section. 

The dedication honored Mrs. Robert Pierce Winsor, 
president of the Winsor and Jerauld Manufacturing 
Company of Providence which contributed most of the 
cost of the wing. Mrs. Winsor spoke briefly at the con- 
clusion of the ceremony, stating that the gift by her 
company indicated both a desire to benefit the youth of 
Providence and recognition of the importance of Lincoln 
School to the life of their city. 

Alfred Buckley, Jr., presided at the dedication. Dr. 
Arthur F. Jennings gave the invocation and the bene- 
diction, and Willard H. Ware, Clerk of the School Com- 
mittee, New England Yearly Meeting of Friends, brought 
greetings. Principal speakers were Dr. H. B. Woodruff 
of the Merck, Sharp and Dohme Research Labora- 
tories; Dr. Dorothy Gifford of the Lincoln School 
Science Department (and former President of NEACT); 
and the president of the Lincoln School Senior Class of 
1958, Miss Nancy Boghossian, who expressed apprecia- 
tion for the new facilities with great charm and humor. 

Dr. Woodruff made the point that there is a large and 
increasing need for trained scientists and technicians, 
including women, in modern scientific endeavors. For 
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the majority of high school students, however, he rec- 
ognized that the purpose of science training is not so 
much vocational as cultural, to provide the basis for 
more understanding appreciation of the arts and the 
joys of everyday life. 

Dr. Gifford paid tribute to the numerous individuals 
who had helped set up the new laboratories, and also to 
her own former teacher, Dr. Emma P. Carr, professor 
emeritus of Mt. Holyoke College, who was present at 
the dedication. With Dr. Carr she shares the convic- 
tion that hard work is a virtue and a joy as well as a 
necessity, and the desire to pass on to her students a 
genuine love for truth. We need scientific training at 
the high school level, she feels, not only to appreciate 
better the universe around us, but to help us face up to 
what is true. It is important that youngsters become 
aware of their own responsibilities for the revelation of 
truth as it is revealed to them, and this responsibility 
places tremendous emphasis on the value of the in- 
dividual; but of course it is also necessary that ‘‘no girl 
should feel that she is the only one to whom truth is re- 
vealed.” 

After the conclusion of the dedication ceremony, tea 
was served in the living room of the Main Building. 


Business Meeting 


The president of NEACT, Professor Robert D. Eddy 
of Tufts University, conducted the business session. 
The report of the Registrar-Treasurer of the Nine- 
teenth Summer Conference was presented and ac- 
cepted. It is presented below in abridged form: 


Financial Report of Registrar-Treasurer 19th Summer 
Conference 
Receipts 

Advertising 

Registration Fees (including dues of new 


Expenses 


Dues, paid to NEACT Treasurer......... 
Board and room 


Motion pictures and exhibits 
Social affairs 
Miscellaneous expenses 


Surplus, paid to NEACT treasurer 


Respectfully submitted, 
P. SEWARD, Registrar-Treasurer 


Audited, Feb. 18, 1958, S. Waiter Hoyt, Auditor 


The chairman of the membership committee reac the 
names of those members who had been admitted into 
the Association since the December meeting. 


Andrew M. Dawson, Head of Science, Middlesex School, Con. 
cord, Massachusetts 

Samuel Fortin, Instructor in Chemistry, Chicopee High Sciioo] 
Chicopee, Massachusetts 

John E. Frey, Instructor in Chemistry, Bowdoin College, B 
wick, Maine 

Mrs. Katherine G. Fricker, Harvard Academic Year Insti: 
Cambridge, Massachusetts 

David I. Hoyle, Instructor in Chemistry, Melrose High Sc. 
Melrose, Massachusetts 

Michael A. Iarrapino, Instructor in Chemistry and Ph. sies, 
Sacred Heart High School, Waterbury, Connecticut 

Uno Kask, Assistant Professor in Chemistry, American jnter- 
national College, Springfield, Massachusetts 

Warren M. Kline, Instructor in Science and Chairman, Science 
Department, King Philip Regional High School, Wrentham, 
Massachusetts 

John F. Lafferty, Head of Science Department, Classical High 
School, Providence, Rhode Island 

John P. Leahy, Instructor in Chemistry, and Head of Science 
Department, Pittsfield High School, Pittsfield, Massachusetts 

Arthur O. Long, Associate Professor of Chemistry, New York 
State College for Teachers, Albany, New York 

Arthur F. Mercurio, Instructor in Chemistry, Wentworth [nsti- 
tute, Boston, Massachusetts 

James H. McCue, Instructor in Physical Science, Boston State 
Teachers College, Boston, Massachusetts 

Mae Reeder Nelson (Mrs. George F.), Teacher of Biology, 
Robert E. Lee High School, Baytown, Texas 

Joseph P. Nunes, Teacher of Chemistry and Science, Dedham 
High School, Dedham, Massachusetts 

D. Vincent O’Connor, Teacher of Science, Adams Memorial 
High School, Adams, Massachusetts 

Richard A. Preston, Instructor in Chemistry, Beverly High 
School, Beverly, Massachusetts 

Granville 8. Pruyne, Teacher of Chemistry and Biology, Miss 
Halls’s School, Pittsfield, Massachusetts 

John W. Quigley, Teacher of Chemistry, Littleton High School, 
Littleton, Massachusetts 

Earl J. Rauch, Teacher of Mathematics, Victoria High School, 
Victoria, Texas 

Frederick A. Scott, Teacher of Chemistry and Biology, Brewster 
Academy, Wolfeboro, New Hampshire 

Joseph J. Scussell, Teacher of Science, Mt. Pleasant High School, 
Providence, Rhode Island 

Richard H. Sine, Instructor in Physics and Chemistry, Ipswich 
High School, Ipswich, Massachusetts 

Sr. Ruth Maria, 8.8.J., Teacher of Chemistry and Physics, St. 
Mary’s High School, Milford, Massachusetts 

Sr. Mary Roberta, Teacher of Chemistry, Mission Church High 
School, Roxbury, Massachusetts 

Rev. Fernand R. Tardif, M.S., Teacher of Physics and Chemis- 
try, La Salette Seminary, Enfield, New Hampshire 

Leon Taylor, Instructor in Physics and Biology, Waltham Senior 
High School, Waltham, Massachusetts 

J. E. White, Teacher of Biology and General Science, Rockdale, 
Texas 

Laurence §. Foster, Ed'/or 
Report of the NEACT 
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Editor 


INTRCDUCTION TO PROTEIN 
CHEMISTRY 


Sidney W. Fox, Director of the Oceano- 
graphic Institute, Florida State University, 
and Joseph F. Foster, Professor of Chem- 
istry, Purdue University. John Wiley & 
Sons, Inc., New York, 1957. viii + 459 
pp. 15 X 23.5cm. $9.50. 


Tue rapidity with which advances are 
being made in protein chemistry makes 
it imperative that existing information as 
well as recent developments be reviewed 
and presented anew from time to time. 
In this respect, the authors of ‘Intro- 
duction to Protein Chemistry’”’ have done 
an admirable job of providing both the 
student and the specialist with a readable, 
well-organized, comprehensive, and up- 
to-date introduction to the fast moving 
field of protein chemistry. 

Developing their subject in step-wise 
fashion, the authors devote the first sev- 
eral chapters to a description of the phys- 
ical and chemical properties of the amino 
acids, a discussion of the methods avail- 
able for their preparation and assay, 
and a consideration of their metabolic 
and nutritive significance. In logical se- 
quence follow chapters on the naturally 
occurring peptides and their fractionation, 
the determination of the structure of pep- 
tides, and the synthesis of peptides. Pro- 
ceeding from the relatively simple chem- 
istry of amino acids and peptides to that 
of the more complex macromolecule, the 
protein itself, the chemistry of the latter 
is outlined in terms of amphoteric prop- 
erties, electrophoresis, physical methods 
of investigation, solubility behavior, prep- 
aration and purification of proteins, pro- 
tein structure, and denaturation. 

With this as a background, attention 
is directed toward the chemistry of spe- 
cific blood, egg-white, milk, muscle, and 
plant proteins. Typical of a pleasing 
balance, which the authors maintain be- 
tween physical, organic, and_ biological 
aspects of protein chemistry, are sub- 
sequent chapters introducing the reader 
to fundamentals of hormone and enzyme 
chemistry, to peptides and proteins as 
specific substrates, to immunological re- 
actions and selected topics from nucleo- 
protein chemistry, and, to the nature of 
viruses. In conclusion the concepts of 
primordial synthesis and the biosynthesis 
of protein are briefly considered. 

For the convenience of the reader de- 
siring detailed information, selected books, 
reviews, and original articles are pre- 
sente’ as references at the end of each 
chapter. 

In the opinion of this reviewer, the au- 
thors |iave succeeded well in their prepara- 
tion of a contemporary “Introduction to 
Proteii Chemistry.”” The book should 
find wide acceptance in courses on protein 
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chemistry in which a comprehensive out- 
line of basic information is desired and 
selected subject matter can be treated 
more intensively in the classroom. It 
should prove particularly valuable to those 
in related sciences seeking general, or in 
in many instances, detailed information 
in the field of protein chemistry. 


PAUL BARTLETT 
Epset B. Forp InstiruTe ror MEDICAL 
RESEARCH 
Detroit, MicHIGAN 


BIOCHEMISTRY AND HUMAN 
METABOLISM 


Burnham S. Walker, Associate Patholo- 
gist in Chemistry, Burbank Hospital, 
Fitchburg, Massachusetts; William C. 
Boyd, Professor of Immunochemistry, 
Isaac Asimov, Associate Professor of 
Biochemistry, Boston University School of 
Medicine. Third edition. The Williams 
and Wilkins Co., Baltimore, 1957. vii + 
937 pp. 16.5 X 23.5cm. $12. 


: Tue third edition of this book retains 
the same structure as the original volume, 
first published in 1952, but some of the 
subjects have been expanded and brought 
up to date. The organization of subject 
material is of interest since it attempts to 
bring together the various areas of bio- 
chemistry into an integrated approach 
to a living organism. 

The first part entitled Structure dis- 
cusses the structural chemistry of pro- 
teins, amino acids, carbohydrates and 
lipids, and the forms in which these occur 
in tissues. The actual chemistry of tis- 
sue constituents is presented in a some- 
what abbreviated fashion, particularly 
with regard to lipids and carbohydrates. 
The second part, Control, discusses en- 
zymes and hormones and the regulatory 
influences of these entities. Growth, 
Part III, provides a consideration of re- 
production and genetics along with the 
chemistry and role of nucleoproteins in 
living organisms. Part IV, Metabolism, 
contains sections on food, digestion, and 
excretion which probably should not be 
included in a consideration of metabolism. 
The discussion of metabolic reactions is, 
however, complete and up to date. The 
final part, entitled Pathology, discusses 
vitamin deficiency diseases and has a 
section on infections which includes a 
summary of antibody-antigen reactions 
and chemotherapy. Each of the parts 
considers in some detail abnormalities in 
the various processes and the resulting 
pathological changes in living organisms. 
An appendix concerned with isotopes and 
their use in metabolic studies is provided. 


The book would be excellent for ad- 
vanced medical students and is of a fun- 
damental enough nature that it might also 
be considered for a course in general 
biochemistry. 


RICHARD U. BYERRUM 
MicuiGan State UNIVERSITY 
East Lansine, MIcHIGAN 


THE LIPIDS. THEIR CHEMISTRY AND 
BIOCHEMISTRY. VOLUME 3: 
BIOCHEMISTRY 


Harry J. Deuel, Jr., Professor of Bio- 
chemistry, University of Southern Cali- 
fornia. Interscience Publishers, Inc., New 
York, 1957. xxxvi + 1065 pp. 16.5 x 
23.5cm. $25. 


Tuts book is the third and final volume 
of the series in which Deuel has sum- 
marized in detail our knowledge of the 
chemistry and biochemistry of the lipids. 
To those familiar with the previously 
published volumes, it is a source of satis- 
faction that the author was able to com- 
plete this third volume before his untimely 
death. For here, as in the first two vol- 
umes, the author has endeavored to in- 
clude reference to all the experimental 
work that has appeared on the topics under 
review and to present the many theories, 
often conflicting, that have been advanced 
with respect to the metabolism and func- 
tion of the lipids. More than 5000 litera- 
ture references in this volume alone, 
testify to the scope of the coverage. These 
references are conveniently placed as foot- 
notes throughout the text. 

The author was an experienced nutri- 
tionist as well as a biochemist. This 
enabled him to discuss the metabolism 
of the lipids not only at the molecular 
level but also in terms of the animal as a 
whole. This broad approach is one of the 
outstanding features of this work. 

The biosynthesis of triglycerides, phos- 
pholipids, and fatty acids in the animal 
body is the first major topic of the pres- 
ent volume. This is followed by a re- 
view of the oxidation and metabolism of 
these lipids, including the role of acetic, 
formic, and propionic acid in the inter- 
mediary metabolism of fats, the metabo- 
lism of hydroxy, keto, and other fatty acid 
derivatives. The same approach, bio- 
synthesis and metabolism, is followed in 
considering cholesterol and related sterols, 
the carotenoids and the fat-soluble vita- 
mins—vitamins A, D, E, and K. A 
chapter is devoted to the physiology and 
biochemistry of the essential fatty acids. 
The work is concluded with a hundred- 
page chapter on the nutritive value of 
fats. 
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Deuel’s ‘“The Lipids’’ is indeed a monu- 
mental work and for many years will 
probably be the place of first choice when 
one wishes detailed information on any 
phase of lipid biochemistry. 

It seems appropriate that this final 
volume should contain a_ biographical 
sketch of the author written by George 
Cowgill, a former colleague. 


F. A. CAJORI 
UNIVERSITY OF COLORADO 
DENVER, COLORADO 


THE CHEMISTRY OF NATURAL 
PRODUCTS. VOLUME 1: THE 
ALKALOIDS 


K. W. Bentley, Chemistry Department, 
University of Aberdeen, Scotland. Inter- 
science Publishers, Inc., New York, 1957. 
vii + 237 pp. 15 X 23.5cm. $4. 


Tuis is the first of a projected series of 
volumes on the chemistry of natural prod- 
ucts, several of which are to be written by 
this author and others edited by him. The 
publisher has squarely faced the difficult 
present-day problem of producing a scien- 
tific monograph at a price not too far out of 
line with that charged years ago for the 
wonderful series of Monographs on Bio- 
chemistry edited for Longmans, Green and 
Company by the late R. H. A. Plimmer in 
the second and third decades of the present 
century. 

In order to do this, it has been necessary 
to resort to reproduction of the text from 
what appears to be typescript—beautifully 
and accurately done, to be sure, and with 
an even right-hand margin—but still type- 
script and not as easy on the eyes as print. 
On the profit side, however, is the oppor- 
tunity to reproduce chemical formulas on a 
lavish scale. The right-hand pages 
throughout the book are occupied by 
structural formulas reproduced from neat 
hand sketches which show the results of 
degradative reactions by various reagents 
which led to the formulation of the struc- 
ture, the interrelations among the alka- 
loids and the products derived from them 
and the total synthesis where this has been 
accomplished. There are more than 1100 
of these formulas. To have reproduced 
them in any other way than by a photo- 
graphic process from manuscript would 
have added enormously to the cost of the 
book. 

What should one expect of a 237-page 
monograph which purports to cover the 
immense and complex field of alkaloids? 
Obviously one cannot hope to find any- 
thing but the most cursory record of the 
properties, physical, chemical, and phar- 
macological, of these substances. There 
can be little if any reference to methods of 
preparation from the natural sources or to 
their uses in medicine, or any detail re- 
garding the experimental methods used in 
this field. The author has therefore con- 
tented himself with an outline in each case 
of the main facts which a student of ad- 
vanced organic chemistry should have in 
mind. 

There is an introduction which classifies 
the alkaloids in terms of the fundamental 
ring structures. Each group is then taken 


up in greater or less detail. For example, 
the morphine group requires 28 pages, 14 
pages of text and 13 pages of formulas. 
We learn the empirical formulas of mor- 
phine, codeine, and thebaine, first estab- 
lished in 1852, the nature of the character- 
istic radicals, the arguments by means of 
which the structures were gradually built 
up, and the series of reactions by which 
morphine was finally synthesized. There 
is then an account of the molecular re- 
arrangements these alkaloids may undergo 
and the bearing of these transformations 
upon the elucidation of the structures. 
Finally there is brief mention of a few re- 
lated substances. The accounts of strych- 
nine and colchicine are nearly as full. 
Nicotine and its relatives, however, re- 
quire only a single page of text and two of 
formulas. The last chapter gives an out- 
line of hypothetical mechanisms suggested 
by Robinson by means of which these com- 
plex structures may be assumed to be de- 
rived from the amino acids of proteins. 
A thread of unifying principle is thus in- 
troduced. 

On the whole, this little book is praise- 
worthy. To be sure, it can be used as a 
“cram book’’ in preparation for examina- 
tion on the subject. But it is also a source 
of quick information on the fundamentals 
of alkaloid chemistry, and each chapter 
closes with a bibliography of from 20- to 
80-odd references which give a key to the 
literature of the group of substances being 
discussed. 

A reviewer is supposed to point out 
faults and search for errors. There is one 
in the second sentence of the introduction 
which asserts that alkaloids ‘‘owe their 
basic nature to an amino nitrogen.’’ 
Surely the secondary and tertiary nitrogen 
atoms of most alkaloids should not be so 
characterized. Aside from this and a mis- 
print on page 3, the book shows evidence 
of careful preparation and proofreading. 
It can be highly recommended if its limita- 
tions are accepted. 


H. B. VICKERY 
Tue Connecticut AGRICULTURAL 
EXPERIMENT STATION 
New Haven, ConneEctTICcCUT 


THE ANALYTICAL USES OF 
ETHYLENEDIAMINETETRAACETIC 
ACID 


Frank J. Welcher, Professor of Chemistry, 
Indiana University. D. Van Nostrand Co., 
Inc., Princeton, New Jersey, 1957. xvii + 
366 pp. 12 figs. 35 tables. 16 X 
23.5cm. $8.50. 


CueEMists who desire to apply an 
ethylenediaminetetraacetic acid (EDTA) 
method to an analytical problem will 
find references to all pertinent papers 
published through 1956. The _bibliog- 
raphy of some 950 papers indicates the 
need for such a compilation as this. It 
is not intended as a manual of recom- 
mended methods, although selected pro- 
cedures are given in detail, including re- 
ports of interferences, optimum conditions, 
and claims of accuracy. No attempt has 
been made to give a critical evaluation of 
the methods. 


The first chapter includes a very brief 
survey of the preparation and properties 
of EDTA and its complexes followed by 
a few examples of analytical uses. In 
the following chapters, the various meth- 
ods of end point detection are discussed 
usually with a brief discussion of the 
principle of the method. Numerous metal 
indicators are listed. Several physico- 
chemical techniques (polarography, po- 
tentiometry, amperometry, speciro- 
photometry) are also described in so far 
as they are utilized in EDTA methods. 

The determinations of individual ele- 
ments are to be found in widely scattered 
places, e.g., copper determinations are 
described in Chapters 2, 3, 4, 10, 12, 15, 
16, 17, and 18. This requires a thorough 
study of the index in order to be certain 
that no papers on copper-EDTA deter- 
minations are overlooked. A more gen- 
erous use of cross referencing within the 
text would have allowed nearly all copper 
determinations to be grouped in a single 
chapter. Fortunately, the index is com- 
plete and has been carefully prepared. 

This book is in no sense a textbook on 
analytical methods or chelates, but the 
author has admirably accomplished his 
aim “to collect information from all papers 
describing the use of EDTA in inorganic 
analysis, and to present it in a form which 
would simplify study of it.’”’ As such, it 
will be useful to anyone having occasion 
to determine some 40 metals, as well as 
several anions. 


ROBERT L. PECSOK 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


CONCISE GUIDE TO THE PLASTICS 


Herbert R. Simonds, Stepney, Connecti- 
cut. Reinhold Publishing Corp., New 
York, 1957. xi + 318 pp. 16 xX 23.5 
cm. $6.95. 


Tuts guide is intended primarily to 
furnish a brief introduction to the plas- 
tics industry and an extensive source of 
information on the physical properties, 
possible applications, and manufacturers 
of plastics available today. Chapter 7, 
which gives the range of variation avail- 
able in such properties as density, tensile 
strength, etc., in tabular form, seems es- 
pecially useful. 

The educational uses of this tech- 
nically oriented book will be mainly in 
conjunction with industrial chemistry and 
engineering courses. Here it will furnish 
useful summaries of the properties 0! this 
relatively new class of engineering ma- 
terials and also give some insight in‘o an 
important segment of the chemica! in- 
dustry. Chapter 8 with its brief reports 
from some 40 major producers of pl:stics 
will be of especial interest in this last re- 
spect. 
The coverage of the plastics field is 
very complete, both as to variety o/ ma- 
terials and number of properties. 


THOMAS FERIN(GTON 
oF Wooster 
Wooster, 


JOURNAL OF CHEMICAL EDUCATION 


e 
I 
d 
f 


4 
1 


ery brief 
roperties 
owed by 
ses. In 
us meth- 
liscussed 
. of the 
US Metal 
physico- 
po- 
Spec iro- 
in so far 
thods. 

lual ele- 
scattered 
ions are 
12, 15, 
thorough 
e certain 
A deter- 
ore gen- 
the 
ll copper 
single 
com- 
pared. 

tbook on 
but the 
shed his 
ll papers 
norganic 
m which 
such, it 
occasion 
well as 


PECSOK 


.ASTICS 


yonnecti- 
»., New 
xX 23.5 


arily to 
he plas- 
ource of 
operties, 
‘acturers 
apter 7, 
mn avail- 
tensile 
2ems eS- 


is tech- 
ainly in 
stry and 
| furnish 
s of this 
ing ma- 
into an 
in- 
"reports 
plasties 
last re- 


field is 
r of ma- 


[INGTON 


SATION 


THE PATH OF CARBON IN 
PHOTOSYNTHESIS 


J. A. Bassham, Lecturer, and M. Calvin, 
Professor of Chemistry, University of 
California. Prentice-Hall, Inc., Engle- 
wood Cliffs, New Jersey, 1957. x + 104 
pp. 22 figs. Stables. 14.5 X 22 cm. 


$3 


“TE Path of Carbon in Photosynthesis” 
is 2 monograph describing the work done 
in Berkeley by Calvin and his associates. 
The monograph presents interpretations, 
and problems for future investigations. 

Photosynthesis is one of the problem 
areas which arouse wide public interest. 
For intensive treatment of the details 
of experiments and their subtle interpre- 
tation, one could not expect to find a 
more knowledgeable tour of introduction. 
The Berkeley group has applied organic 
and biological chemical considerations to 
this field in a balanced way. Here are 
presented the heart of both the experi- 
mental attack and interpretation of the 
results. The central importance of tracer 
compounds, diagnostic chromatography, 
sugar phosphates, enzymes, inhibitors, 
and energetics are all topics that receive 
major attention in this book. 

The chapters of the book deal succes- 
sively with definition, historical back- 
ground, analytical procedures, plant ma- 
terial, development of the carbon- 
reduction cycle, photosynthetic carbon- 
reduction cycle, pathway of carbon into 
carbohydrates, fat synthesis, amino acids, 
metabolic inhibitors, the hydrogen trans- 
fer system, the quantum conversion proc- 
ess, and the oxygen evolution system. 
References number 142. The relative 
degree of our ignorance in parts of the 
subject matter area is emphasized by the 
fact that three of the 13 chapters are each 
approximately one page long. 

The comprehensive biochemical studies 
reported should, to quote the authors’ 
words in a somewhat more limited con- 
text (p. 79) “play an important part in 
the ultimate elucidation of all the com- 
plex interrelationships of biosynthesis 
which make it possible for the green plant 
to manufacture all of its constituent 
chemical compounds from carbon di- 
oxide.” All chemists should be instructed 
= many inspired by the reading of this 


SIDNEY W. FOX 
Fiorina Stare UNIVERSITY 
TALLAHASSEE, FLORIDA 


CHEMISTRY, THE CONQUEST OF 
MATERIALS 


Kenneth Hutton, Hertfordshire. Pen- 
guin Books, Baltimore, 1957. xii + 228 
Pp. 26 plates. 32 figs. 11 tables. 
11 X 18cm. Paper bound $.85. 


Tue author lists as his chief aims: ‘the 
first is to show the fascination and im- 
portance of chemistry, and the second is 
to make it intelligible.’’ In the Preface 
he writes: “This book...starts from 
scratch, assuming no scientific knowledge 
whatever, and surveying the whole field 
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of chemistry with particular emphasis on 
its present-day applications. Inspired by 
Lancelot Hogben’s ‘Science for the Citi- 
zen,’ I have acted on the faith that the 
lay reader prefers to know; instead of 
fighting shy of chemical equations and 
molecular structures, I have tried to ex- 
plain what they mean and to show how 
they illuminate and clarify what would 
otherwise be mere vague description.”’ 

The greater part of the book is devoted 
to practical applications of chemistry in 
every-day life (including social problems). 
In general this aspect of the book is ex- 
ceptionally well done. Not as successful 
are the discussions of theory (interspersed 
with practical applications in the first 
third of the book). The discussions of 
theory are skimpy and include terms and 
concepts that are inadequately defined or 
explained. This may not bother the lay 
reader, however. If he plunges ahead, 
he should acquire considerable feeling for 
many of the concepts, and he will defi- 
nitely acquire considerable knowledge of 
the applications of chemistry. 

The book includes references to articles 
and other books for further reading, and 
itself is well cross-referenced. The bind- 
ing is substantial and adequate. 

The vocabulary is definitely British. 
Quite a number of the trade names will be 
unfamiliar to American readers, but this 
is not a serious handicap. The nature of 
the substances is usually clear enough 
that American readers can substitute their 
own commercial examples. 

Hutton writes in a relaxed and personal 
style, with delightful touches of humor. 
The lay reader can learn a great deal of 
chemistry from this pleasant book. Most 
chemists can learn from it too. They can 
learn concerning the writing of chemistry 
for the citizen. 


WILLIAM E. MORRELL 
University or ILLINors 
Ursana, ILLINors 


HEAT TRANSFER. VOLUME 2 


By the late Max Jacob, Research Pro- 
fessor of Mechanical Engineering, Illinois 
Institute of Technology. John Wiley & 
Sons, Inc., New York, 1957. xxxii + 652 
pp. 16 X 23.5cm. $15. 


VotvuME 1 of this monumental work ap- 
peared in 1949 [reviewed in J. Cue. 
Epuc. 27, 50 (1950) ] with the promise that 
Volume 2 would complete the work. The 
manuscript was essentially complete at 
the time of Dr. Jacob’s death in 1955. 
The book is thoroughly up-to-date, shown 
by sections on transpiration cooling, of 
importance in jet engines, and heat trans- 
fer in liquid metals, of importance in 
nuclear reactors. 

Volume 2 continues from Volume 1, 
starting with Part F on radiation, con- 
taining Chapter 31 on radiation through 
a nonabsorbing medium and Chapter 32 
for an absorbing medium (a total of 146 
pages). The remainder of the book con- 
tains Part G on selected fields of appli- 
cation (414 pages), Part H with supple- 


ments to Volume 1 (40 pages), and the 
appendix for Volume 2 (52 pages). 

The selected fields of application are 
thermometry and temperature measure- 
ment, heat exchanges, regenerators, cool- 
ing towers, cooling by falling liquid films, 
cooling of surfaces exposed to hot gases, 
heat transfer through laminar boundary 
layer at high fluid velocity, heat transfer 
through turbulent boundary layer at high 
fluid velocity, and steady-state heat 
transfer in packed columns. 

Because of the advances in heat trans- 
fer, Part H gives material to supplement 
the various chapters in Volume 1. This 
includes new equations, tables of data, 
references to important papers, and ad- 
ditional problems. The appendix to 
Volume 2 gives a series of problems, table 
of nomenclature and conversions factors, 
literature cited and the index. 

Those who have used Volume 1 will 
want to complete their set. Many engi- 
neers who see the appiications in Volume 
2 will want both volumes. It definitely 
is a graduate and research level treatise. 
Engineers dealing with heat transfer owe 
much to Max Jacob for his lifetime of 
research and writing in this field. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


THERMODYNAMICS OF HEAT-POWER 
SYSTEMS 


F. W. Hutchinson, Professor of Mechan- 
ical Engineering, University of California. 
Addison-Wesley Publishing Co., Inc., 
Reading, Massachusetts, 1957. xix + 
490 pp. 117 figs. 16 X 23.5 cm. 
$8.50. 


For once, a mechanical engineering 
thermodynamics text does not introduce 
entropy in the second or third chapter. 
The arrangement of this book is different. 
It is divided into seven parts which follow 
energy from its source to its utilization, 
i.e., Source, Storage, Liberation, Transi- 
tion, Transformation, Transportation, Uti- 
lization. This logical but novel ap- 
preach changes markedly the arrangement 
of this text to one in which the student 
grasps more readily the new concepts as 
they arise. Entropy now logically ap- 
pears in Chapter 11 in the section on En- 
ergy Transformations. 

Nuclear and chemical energy are not 
overlooked as energy sources. Why can’t 
the mechanical engineer learn to use the 
mole as a mass unit to simplify his gas and 
stoichiometric calculations? The devel- 
opment of thermodynamic diagrams is ex- 
cellent, as is the analysis of power and re- 
frigeration cycles. Free energy and work 
functions are still unmentioned when the 
book ends. 

This is an interesting book with a novel 
approach. It is worth reading and using 
as a reference text in undergraduate 
courses in chemical and chemical engineer- 
ing thermodynamics. 

KENNETH A. KOBE 


University or Texas 
Austin, Texas 


LABORATORY MANUAL OF BATCH 
DISTILLATION 


F. J. Zuiderweg, Koninklijke Shell-Labora- 
torium, Amsterdam. Interscience Pub- 
lishers, Inc., New York, 1957. viii + 126 
pp. 32 figs. 8 tables. 15.5 xX 23.5 


THE importance of separation tech- 
niques has been relegated to a minor posi- 
tion in the chemistry curricula of most 
colleges and universities since the advent 
of electronic instrumentation. Indeed, 
it would be unusual if the material en- 
compassed in this book were found inte- 
grated with an undergraduate curriculum 
for chemists. Most instructors have as- 
sumed, with little justification, that the 
student’s exposure to distillation phenom- 
ena in organic laboratories and his en- 
counter with theoretical vapor-liquid 
equilibria in physical chemistry have pre- 
pared him for handling all commonplace 
distillations. The fact is that there are 
few advanced students in chemistry who 
would not profit by contact with this 
text. This manual can be highly recom- 
mended to the student who is interested 
in batch distillation but cannot acquire 
the training formally. Beginning _re- 
searchers and others who will use dis- 
tillation for the resolution of mixtures 
will find the text valuable. Keep in mind 
though that the book was formulated as 
a guide or introduction to batch distilla- 
tion and is not intended for the distilla- 
tion specialist. 

The title is somewhat misleading if we 
compare the contents of the book with 
that of most laboratory manuals. There 
are no numbered experiments and the man- 
ual may be read as easily as a textbook. 
The only real similarity to a manual is 
the number of procedures suggested for 
evaluating the characteristics of a dis- 
tillation column. Methods of determin- 
ing the column capacity, separating 
power, efficiency, hold-up, and pressure 
drop are described and the factors that 
influence these quantities are discussed. 
Enough information is given so that the 
reader can apply the general techniques 
to any particular column. 

Theory is developed beyond the level 
encountered in most physical chemistry 
textbooks, but it is expressed clearly and 
concisely, suitable for undergraduate stu- 
dents. The composition of liquid and 
vapor phases in equilibrium is illustrated 
with the typical temperature-mole frac- 
tion diagrams. Both ideal and nonideal 
systems are treated with particular em- 
phasis placed on the importance of the 
relative volatility of components in the 
separation of binary mixtures. The de- 
scription and technique of simple dis- 
tillation and rectifying distillation are 
evolved from the vapor-liquid equilibrium 
diagrams. The concepts of theoretical 
plates and plate efficiency are introduced 
and. related to the separation effect of 
distillation under conditions of total and 
partial reflux. Methods of calculating 
the minimum number of plates and re- 
flux ratio necessary for the resolution of 
binary and even ternary mixtures are pre- 
sented. ; 

Many practical problems frequently 
overlooked by the novice are considered 


with the theory. The effects of sample 
size, apparatus dimensions, relative vol- 
atilities, relative amounts of components, 
and rate of vaporization on the sharpness 
of separation are carefully weighed. 

The section on practical laboratory 
distillation is brief and is not intended to 
supplement or complement a treatise on 
distillation such as that of Weissberger 
or Carney. Enough information is pro- 
vided to guide the beginner in the con- 
struction of a relatively simple column. 

For more detailed information and for 
discussions of extractive and azeotropic 
distillations, the interested reader is re- 
ferred to the relevant literature. Ap- 
proximately 100 references are grouped 
by subject matter in a selected _ bibli- 
ography. 


EUGENE W. BERG 
Louisiana State UNIVERSITY 
Baton Rover, Louisiana 


ELECTRON IMPACT PHENOMENA AND 
THE PROPERTIES OF GASEOUS IONS 


F. H. Field and J. L. Franklin, Refining 
Research and Development Division, Hum- 
ble Oil & Refining Co., Baytown, Texas. 
Academic Press, Inc., New York, 1957. 
ix + 349 pp. 30figs. 45tables. 16 x 
23.5 cm. $8.50. 


Tuts book is offered as a comprehensive 
and critical compilation and review of elec- 
tron-impact phenomena and the properties 
of gaseous ions. For those unfamiliar with 
the field, the authors attempt to provide 
an introduction to it; for experienced 
workers, they include a tabulation of all 
available ionization and appearance po- 
tentials, with interpretations where possi- 
ble. The objective is a laudable one. 

Mass spectrometry has grown up almost 
wholly as a descriptive science. A vast 
quantity of mass-spectral data has accu- 
mulated for use primarily in analytical ap- 
plications, but, as the authors point out, 
the bulk of it still awaits interpretation. 
The past 25 years’ efforts to interpret these 
data are the subject matter of this book. 

The book goes far toward accomplishing 
the authors’ stated purposes. Coverage of 
the literature to 1955 is exhaustive, and the 
book will be a helpful guide to the original 
papers. The tabulation of critical poten- 
tials will save much searching of the litera- 
ture and alone may be well worth the price 
of the book. In some respects, however, 
the treatment given the subject matter 
falls short of expectations. 

The reader who is unfamiliar with the 
field is likely to have trouble with the 
lengthy and involved theoretical discus- 
sions. Such discussions may be unavoid- 
able in a review that aims at completeness; 
however, they are not—and perhaps can- 
not be—so complete as to make reference to 
the original work unnecessary. The diffi- 
culty might have been alleviated by sum- 
marizing statements that present the gist 
of a discussion clearly and simply, but such 
statements seldom appear. For example, 
nowhere in the discussion of ionization- 
efficiency curves is the reader told clearly 
that no theory has yet successfully pre- 


dicted the shape of such curves, and t iat 
all methods of measuring critical potent als 
from them are therefore empirical : nd 
more or less arbitrary. 

A valuable feature of the book lies in ‘he 
bringing together, from different sour es, 
of data pertinent to processes under dis: \is- 
sion. The anomalies and contradict: ns 
thereby revealed emphasize how litt! is 
known about these systems and chall: age 
the reader with sharply defined probl« 
In several instances, however, insertio.: of 
the authors’ personal opinion seem: to 
weaken the challenge without contribu ing 
much to the solution ot the probicm. 
Thus, the authors’ preference for the 
directly measured ionization potentiais of 
the benzyl, allyl, and s-propyl radicals 
over the indirectly measured values <loes 
not explain the differences, cannot s: ttle 
the matter and, in effect, glosses over the 
problem. 

In seeking to interpret mass-spectral 
data, the authors tend to lean heavily on 
energetic considerations and to neglect 
other pertinent evidence. Their warning 
that “empirical correlations of mass 
spectra. . .should not be accepted in detail 
without very careful scrutiny’’ would seem 
to apply with equal force to conclusions 
drawn solely from energetic considerations, 
The number of independent approaches 
that are available—empirical correlations, 
ionization and appearance potentials, the 
spectra of labeled compounds, and meta- 
stable peaks—demands a thorough study of 
any system through as many different 
approaches as possible. 

This book needs to be read critically and 
supplemented generously by further read- 
ing on the underlying physical principles 
and by references to the original literature. 
Nevertheless, it fills a real need. The 
mature student or the worker who may 
wish to enter the field will find here a gold- 
mine of unsolved problems to challenge his 
imagination and ingenuity. 


SEYMOUR MEYERSON 
Sranparp Or Company 
Wuittne, INDIANA 


THERMODYNAMICS OF ONE 
COMPONENT SYSTEMS 


William N. Lacey and Bruce H. Sage, 
Chemical Engineering Laboratory, Cali- 
fornia Institute of Technology. Academic 
Press Inc., New York, 1957. xi + 376 pp. 
91 figs. 16 X 23.5cm. $8. 


Tue authors make no apology for the 
introduction of still another text in the 
field of thermodynamics except to state 
a need for a treatment which emph: sizes 
“ a clear understanding of a lirited 
field . . .’’ rather thana “. . . 
ficial acquaintance over a broader fr: at. 
With such a preface it is surprising t° 
the exposition of the fundamental | 
of thermodynamics much less rig’ 
than: those found in current texts 1 | 
field, i.e., “Thermodynamics for Che" 
Engineers’? by Weber and Meissn 
“Thermodynamics’’ by Keenan. 
siderable use is made of the conc: 
friction in developing relationships 


(Continued on page A276) 
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Ir actions speak louder than words, we are almost 
ready to drop a pin and listen when many of the 
problems of education in the Sputnik age come up for 
discussion. There have been some actions which have 
shattered the silence of incessant talk. One such 
veritable peal of thunder is the announcement by the 
National Science Foundation that it plans to finance 
300 Science Faculty Fellowships in 1959. This tripling 
of the number of grants over those made in March 1957 
for the present academic year is a much greater in- 
crease than that for any of the Foundation’s other 
fellowship programs. 

Training scientists at the collegiate level cannot be 
done by men and women who are incompetent. In- 
competence is synonymous with ignorance of subject 
matter and indifference to the attitudes which mark a 
professional scientist. This is why we applaud the 
plan being pushed by the N.S.F. We see it to be 
correctly conceived and properly implemented. The 
selection procedures seek to identify those teachers 
among the thousands in the nation who have begun 
their careers (at least three years of full-time college 
or university teaching), and who give evidence of 
their potential value by wanting to improve their 
competence as scientists in the classroom. Not only 
is the financial assistance made possible, but even 
more significant is the recognition and prestige of 
such investment which should help the recipient to 
realize that the scientific world shares his conviction: 
his role is an important one in the progress of science. 

The applicant must seek the award (note that this 
is not a program of prizes or rewards) by proposing a 
plan of activities which will engage his full time for 
three to fifteen months. 

Many a young science instructor, especially among 
those teaching physical science or engineering, feels 
the frustration of being forced into financial sacrifice 
to remain in the classroom when a lucrative industrial 
position could be his for the taking. Advanced train- 
ing as evidenced by a Ph.D. must be obtained before 
academic advancement with its commensurate financial 
reward can be part of his future. A Science Faculty 
Fellowship award can help toward this goal. 


There is another kind of frustration with even sadder 
overtones. This is that of the science professor who 
perhaps for two decades has borne such a load of teach- 
ing that there has been no time to learn about new 
developments, much less assimilate the knowledge 
into the training he gives his students. To be sure 
he may have attended professional meetings, worked 
in industry for the life-saving summer salary, and 
adopted newly copyrighted textbooks for his courses. 
But what he needs, mentally and emotionally, is the 
experience of uninterrupted time spent on the other 
side of the lecture table or laboratory bench. He 
desperately needs to scrape the corrosion off the ter- 
minals of his scientific circuits by doing research again. 
His fingers itch to manipulate the control knobs of a 
mass spectrograph or NMR analyzer to dispel the 
fog of only having read about them. He needs (but 
probably unknowingly) the intellectual humility of 
being a student again. A Science Faculty Fellowship 
can make this possible. 

We strongly urge our readers to make inquiry and 
to bring this program to the attention of their col- 
leagues whose potential excellence as science teachers 
it could develop. Inquiries and applications go to 
the Division of Scientific Personnel and Education, 
National Science Foundation, Washington 25, D. C. 
Stipends are calculated to make available approxi- 
mately the same income as that derived from normal 
salaries—up to a maximum of $12,000 per annum. 
An allowance to aid in defraying the costs of travel 
will be paid in addition to the stipend. Applications 
are now being received for awards to be used in the 
fiscal year 1959. The closing date is October 15, 
1958. Announcement of awards will be made on 
December 5, 1958. 

The bright light of publicity bathes the problems of 
education today. Those who are close to the problems, 
those who are in the problem, know that the spotlight 
focuses on the critical role of the science teacher. It 
takes action, not talk, to raise the standards of col- 
legiate teaching. Action can mean taking advantage 
of the support being offered by a N.S.F. Science 
Faculty Fellowship. 
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TEACHING PHYSICAL CHEMISTRY—FORTY 
YEARS OF CHANGE’ 


Some of the addresses of those receiving former Norris 
awards as published in the JouRNAL oF CHEMICAL 
EpvucaTIon seem to indicate that one is quite free to do 
some reminiscing. This privilege I shall accept. 

My first chemistry teaching was as a graduate as- 
sistant at Minnesota and later at Harvard. When an 
expected post-doctoral fellowship in Germany did not 
materialize because of World War I, I began my life- 
long teaching of physical chemistry, first at Worcester 
Polytechnic Institute. At Worcester Tech I was learn- 
ing how to teach physical chemistry and doing some 
reseurch when the latter soon changed over into war 
research. Eventually I went into Chemical Warfare 
Service and worked with C. A. Kraus. Later I went 
to Washington to do research on nitrogen fixation 
under the direction of Lamb and Tolman. It was here 
that I started work on the kinetics of the nitrogen 
oxides which I have followed ever since. 

In 1920 I accepted an assistant professorship in 
physical chemistry at Wisconsin with the hope of apply- 
ing the then promising radiation hypothesis to chemical 
kinetics. It was a short-lived hypothesis but it did 
stimulate active research on the kinetics of gas phase 
reactions. 

At Wisconsin I was to teach physical chemistry, a 
graduate course in advanced physical chemistry, and 
a new course in calculus for chemists. I had never had 
a course in calculus; its importance was not realized 
in those days. But I kept one step ahead of the class 
and became much interested in the subject. I finally 
worked the course up into a book, “Mathematical 
Preparation for Physical Chemistry,” published in 
1928. The book is still used by students in other 
fields who have to learn something about physical 
chemistry. I find that among biologists I am known 
for this book. 

I remember in the first year, after I had failed some 
students in this course, one of the older professors came 
to me in high dudgeon and told me how useless he 
thought mathematics was for real chemistry and 
particularly for his students. I remember one more 
incident in connection with my early missionary efforts 
to put more mathematics into chemistry. As Chair- 
man of the Division of Physical and Inorganic Chem- 
istry of the A.C.S., I organized a symposium on Mathe- 
matics in the Service of Chemistry, with Fowler, 
Dushman, Urey, and others. We were assigned to a 
room holding about 100. When the time came the 


1 From the address delivered on the occasion of the James 
Flack Norris Award by the Northeastern Section of the American 
Chemical Society in Cambridge, Massachusetts, November 15, 
1957. 
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FARRINGTON DANIELS 
University of Wisconsin, Madison 


elevators kept pouring chemists into the room and /haall- 
ways so that after much confusion and delay we were 
transferred to a larger room—all 600 of us! 

The laboratory course in physical chemistry at 
Wisconsin was quite a challenge. At first I had to 
learn much from my laboratory assistants. We tried 
out many new experiments, and after several years of 
practice with mimeographed directions, the first edition 
of Daniels, Mathews, and Williams appeared in 1929. 
In this book (now in its fifth edition) we have avoided 
the imperative mood. We do not command the student 
to do anything. For each experiment we include 
suggestions for further work, hoping to challenge some 
of the better students. It is interesting to spot the 
“doers’”’ who say, “Show me what to do so I can get it 
done and get out of here,” and the “thinkers” whose 
curiosity is aroused and who linger on to question and 
test some doubtful point or who get an idea for testing 
out an hypothesis of their own. We assign enough 
time to allow leeway for extra work. We insist on 
complete and critical, well-written reports and usually 
manage an oral quiz on the experiment and report. 

There are problems in planning the most effective 
laboratory course in physical chemistry. How far 
should one go in buying ready-made machines, in 
leaving the potentiometer connected, and in making up 
the standard solutions? To what extent should each 
student set up his own apparatus starting from scratch? 
We used to insist that all students be able to do simple 
glass blowing. Crowding of classes and greater effi- 
ciency forces us to the more automatic, fool-proof appa- 
ratus, but valuable experience and the development of 
resourcefulness thereby are crowded out. 

I was soon assigned to teach physical chemistry to 
a section of engineers. We were using the third edition 
of Getman’s “Theoretical Chemistry” which was 
largely based on Nernst’s ‘Theoretical Chemistry,” 
as were all physical chemistry textbooks of the time. 
For Getman’s fourth edition I helped extensively in 
making suggestions and in correcting proof. In 1928 
the publishers asked me to make a complete revision 
for the fifth edition. I did not know what I was in for! 
Five editions of this book have kept me busy. It ' :kes 
a couple of years to revise a book and a year to cary It 
through the press. Writing two such books with new 
editions every five years is a perpetual job requiring 
many evenings, most vacations, and much f:tily 
sacrifice. 

As the editions progressed, helpful suggestions «ame 
from chemists around the world. I am greatl 1- 
debted to my associates at the University of Wisc. nsin 
and to many teachers in other universities and coli-ges. 
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In the last edition of ““Physical Chemistry,” I enlisted 
the help of my associate, Professor Robert A. Alberty, 
to share the responsibilities and the drudgery of re- 
vision. 


TRENDS IN TEACHING OF PHYSICAL CHEMISTRY 


What have been the trends and the influences in the 
teaching of physical chemistry over the last forty years? 
Physical chemistry, as a separate branch of chemistry, 
was born in 1887, when the publication of the Zeit- 
schrift fiir physikalische Chemie began with articles on 
electrochemistry and kinetics by Ostwald, Arrhenius, 
and Nernst. I have been able to observe most of the 
development of physical chemistry and have taught it 
half of its 70 years. When I was introduced to physical 
chemistry it emphasized atomic and molecular weights, 
dilute aqueous solutions, molecular structure, and 
properties of interest to organic chemists. 

It has been interesting to see in each decade the 
greater emphasis on the more quantitative approaches 
—more use of mathematics and greater accuracy 
in experimental measurements through improvement 
in apparatus. In each decade new discoveries have 
enriched physical chemistry and the teaching area has 
widened. In writing a physical chemistry text, after 
a while one reaches a steady state of book pages be- 
yond which it is not easy to go because of limits in the 
students’ time and financial resources. For each ad- 
dition of new material there must be subtraction of old 
material, and the rejection of obsolete material is diffi- 
cult and painful. Fortunately, much of the simpler 
material has now been taken over by the more elemen- 


tary courses, thus leaving room for new and more 
advanced material. 
The influence of physics on physical chemistry is 


clear. Radioactivity, spectroscopy, Raman effect, 
X-rays and crystallography, isotopes, atomic fission, 
and nuclear magnetic resonance have found immediate 
inclusion in physical chemistry. Engineering needs 
have led to improved distillation of liquids, phase 
diagrams, chromatographic adsorption, and infrared 
absorption spectra. I remember in 1936, at an 
M.LT. conference on spectroscopy, pointing out the 
limitation of spectrophotometric analysis in the visible 
and urging that more attention be paid to infrared 
absorption spectrophotometry. 

The greatest advances in physical chemistry have 
come from the abstract reasoning of scientists like 
Willard Gibbs, Albert Einstein, G. N. Lewis, Peter 
Debye, and others. G. N. Lewis has exerted perhaps 


the greatest influence on the development of physical 
chemistry particularly in the fields of chemical ther- 
modynamics, partial molal quantities, ionic strength, 
the electron pair and atomic and molecular structure, 
and in the concept of acid strength. 

Physical chemistry serves all other branches of 
chemistry and is itself composed of many different 
parts. It is helpful to recognize three fundamental 
approaches. Thermodynamics is reasonably complete 
in principle and is exact in predicting equilibrium con- 
ditions. Chemical kinetics is concerned with reaction 
rates and mechanisms, and there is much still to be 
developed in its practical applications to chemistry. 
Molecular structure is helpful in predicting gross 
chemical behavior from a knowledge of the individual 
molecule. New developments in any one of these 
branches of physical chemistry find applications in 
many other fields. 

An important new trend in physical chemistry, as in 
all sciences, is a realization of the social responsibility 
of the scientist. As civilization develops and becomes 
more complicated with atomic bombs and other power- 
ful forces, which can be used either for improvement or 
destruction, it becomes more and more dependent on 
the scientist. The views of the scientists and the 
teaching of science must broaden with the new responsi- 
bilities and the awakening of a social conscience. 

For years I have tried to educate the scientific 
public on the possibilities of solar energy. In 1953 I 
arranged a symposium at Madison, attended by about 
30 experts from around the world. In 1954 the sym- 
posium arranged by the Indian Government and 
UNESCO in Delhi also involved about 30 scientists. 
The symposium in Arizona in 1955 attracted about a 
thousand scientists, engineers, industrialists, and news- 
papermen. Interest in solar energy is increasing 
rapidly, but there are mostly unsolved problems. The 
present need in the non-industrialized countries for 
solar cookers, solar heating, solar refrigeration and 
cooling, solar engines, solar distillation of salt water, 
the direct production of electricity, and other devices 
are challenges whose answers are still in experimental 
stages. 

In closing, I would like to point out the challenge in 
the proper teaching of physical chemistry. If teachers 
in the United States usually pitch their classes to the 
average student, the superior students frequently will 
not be given sufficient stimulation. Certainly we 
have to educate many people, but we want also to 
draw out the best in the best students. The challenge 
is in trying to meet this double responsibility. 


CHEMIKER-ANEKDOTEN' 


R. B. Woopwarp. 


“Woodward, auf der Miinchener Hauptversammlung der GDCh (1955), 


lauft mit einem blauseidenen Binder herum, auf dem die Konstitutionsformel des Strychnins auf- 


gestickt ist. Am anderen Tag neutraler Binder. 


Antwort: Bin heute inkognito.”’ 


Frage: Warum heute keine Strukturformel? 


(See p. 343) 
1 “Chemiker-Anekdoten,’’ Verlag — Weinheim/Bergstr., Germany, 1957, p. 63. See 


J. Cue. Educ., 35, 229 (1958). 
VOLUME 35, NO. 7, JULY, 1958 
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THE PRESENT STATE OF THE ELECTROLYTE 
PROBLEM 


HISTORICAL BACKGROUND 


One of the oldest, if not the oldest, problems in physi- 
cal chemistry is that of electrolytes (1). It goes back to 
the days of Alessandro Volta, more than 150 years ago. 
Volta’s discovery of a method for generating electricity 
by means of chemical reaction constitutes one of the 
major developments in physical science during the 
eighteenth century. 

_ Prior to Volta, electricity was known only in the static 
form as generated by friction. It was available only in 
small quantity and at high potential. The current 
developed on discharge was very weak and transitory. 
By means of Volta’s cells, it was possible to generate 
electricity under controllable conditions and at con- 
venient potential and current. It thus became possible 
to measure both potential and current. This soon led 
Ohm to the discovery of the law which bears his name. 

With large and controllable currents available, it 
became possible to construct electromagnets and thus 
obtain strong magnetic fields. With such fields at 
their command, Faraday and Henry discovered electro- 
magnetic induction. This, in turn, led to Maxwell’s 
electromagnetic theory of light. It also led to the 
present-day electrical industry. 

Early in the nineteenth century, Sir Humphrey Davy, 
reversing the process that goes on in a Voltaic cell, 
isolated the elements sodium and potassium by elec- 
trolysis of their fused hydroxides. Some 25 years later, 
Faraday discovered the laws governing electrolysis. 
He showed that the reactions occurring at the electrodes 
for a given quantity of electricity are equivalent for all 
electrolytes. He devised the nomenclature presently 
employed in the electrolyte field, including the term 
‘fon.”’ In those days, our knowledge of atoms and 
molecules was very vague and it is likely that Faraday 
had no clear idea of what ions really were. However, 
he did clearly understand that the ions wandered 
through the solution toward one electrode or the other 
under the action of the applied electrical field. 

In the 1860’s, Hittorf showed that the ions of an 
electrolyte in solution transfer their charges in different 
amount. In other words, he showed that the two ions 
had different mobilities. 

In the 1870’s, Kohlrausch introduced the concept of 
molecular or equivalent conductance. He showed that, 
as the concentration decreased, the equivalent conduct- 
ance increased and appeared to approach a definite 
value in the limit of infinite dilution. He also showed 
that the conductance of an ion under given conditions 
was independent of other ions that might be present. 
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For many years, chemists working in the electrolyte 
field were plagued by lack of knowledge as to the extent 
to which electrolytes exist in the form of ions. In the 
1850’s, Clausius suggested that electrolytes in solution 
might be dissociated into ions, perhaps to the extent 
of a few per cent. Finally, about the mid-1880’s, 
Arrhenius proposed his ionization theory. This theory 
was based on three underlying postulates: 

(1) Electrolytes are completely dissociated into 
their ions in the limit of infinite dilution. 

(2) The equivalent conductance of the free ions is 
independent of concentration. The decrease in con- 
ductance with increasing concentration is due to the 
association of the ions to neutral molecules. The de- 
gree of dissociation at any given concentration was thus 
equal to the ratio of the observed conductance to the 
limiting conductance at infinite dilution. 

(3) The equilibrium between the ions and the un- 
dissociated molecules conforms to the law of mass 
action. 

We now know that the second of these postulates is 
invalid. The mobility and, therefore, the conductance 
of the free ions decreases with increasing concentration 
and it is, therefore, not possible to derive the degree of 
dissociation of a strong electrolyte directly from con- 
ductance measurements. 

A few years prior to the announcement of the Arrhe- 
nius theory, Ostwald had measured the conductance of a 
considerable number of weak acids and bases. These 
results were found to be in accord with the theory «nd it 
was possible to determine the dissociation constants of 
these electrolytes. So, also, van’t Hoff had measured 
the freezing point depression for solutions of a con- 
siderable number of salts in water. He found that the 
molal depression for 1-1 salts was greater than that of 
non-electrolytes by a factor greater than 1 which in- 
creased with increasing dilution approaching a value 
of 2. The freezing depression results appeared to }e in 
substantial agreement with this early theory of Arrhe- 
nius. The theory also accounted for the phenomenon of 
hydrolysis and for the effect of salts on the solubility of 
other salts. Thus, there was considerable evidene in 
support of the Arrhenius theory. 

However, when the theory was applied to sirong 
electrolytes, the dissociation constant as calculatcd on 
the basis of the theory was found to be anything but 
constant. The calculated value was found to Le ‘jute 
large at high concentrations and to decrease cot inU- 
ously with decreasing concentration without appr: sach- 
ing any limit other than, perhaps, zero. 
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It was obvious that strong electrolytes do not con- 
form to the Arrhenius theory and many came to doubt 
that the ion concept had any validity whatever. A 
controversy arose which continued for almost forty 
years, When Debye and Hiickel supplied the solution of 
the problem. 


THE ION ATMOSPHERE THEORY 


The theory of Debye and Hiickel (2) takes into ac- 
count the interaction of an ion with an equal counter 
charge which is distributed throughout the solution; 
this constitutes the ion atmosphere, as it is appro- 
priately called. The theory accounts rather success- 
fully for the thermodynamic properties of electrolyte 
solutions. For the activity coefficient of the ions it 
leads to the simple limiting equation 


— log f = (1) 


where 8 is a constant depending only on the dielectric 
constant of the solvent, the temperature and the num- 
ber of unit charges on each of the ions. The Debye- 
Hiickel theory, in its general form, accounts satisfac- 
torily for the thermodynamic properties of dilute solu- 
tions. It did not account satisfactorily for the con- 
ductance of the electrolyte solutions. However, the 
gap was filled by Lars Onsager (3) a few years later. 
According to Onsager’s theory, the conductance of an 
electrolyte is given by the equation: 


A = Ao — (ado + 8)VC, (2) 


where Ao is the limiting conductance and a and 8 are 
constants depending only on the dielectric constant and 
the viscosity of the solvent, the temperature and the 
number of unit charges on each of the ions. 

The above equation is a limiting form. If values of 
Aare plotted against values of VC , the points approach 
nearer and nearer to a straight line whose slope is equal 
to alo + 6. For salts of the same type, the slopes 
differ little, but the slopes increase as the number of unit 
charges on the ions decreases. 

Equation (2) is a limiting form of a more general 
equation from which terms of higher order have been 
omitted. At the same time, it is based on the assump- 
tion that the ions may be treated as dimensionless point 
charges. 

Very recently, Fuoss and Onsager (30) have ex- 
tended the Onsager theory to electrolyte solutions in 
which the ions have finite size and taking into account 
various terms of higher order. The equation to which 
this new theory leads contains only two adjustable con- 
stants which may be evaluated from conductance data 
and both of which have physical meaning. They are 
Ao, the limiting conductance, and a, the sum of the radii 
of the ions. It is obvious that the constant A» permits 
of but little adjustment and that the value of a must be 
consistent with known atomic and molecular dimen- 
sions. The theory accounts for the conductance of 
ordin:ry salts, such as KCl, in aqueous solution up to a 
concentration of about 0.01 N. Thus, if we know 
\p and a, we are able to predetermine the conductance 
of free ions as a function of concentration. This be- 
comes important when we are dealing with solutions in 
which ion association occurs. 

_Ion Association. The association of ions is well 
illustrated by the measurements of Fuoss and Kraus 
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(4) with solutions of 7-Am,N NO; in dioxane-water mix- 
tures. As the dielectric constant of the solvent mixture 
decreases with increasing dioxane content, there is a 
large and continuous decrease in the conductance at any 
one concentration. This decrease is due, mainly, to 
increasing ion association with decreasing dielectric 
constant. The dielectric constants of water and 
dioxane are, respectively, 78.6 and 2.20. 

At a concentration of 3 X 10-* N, the conductance of 
7-Am,sNNO; in water at 25° is 89; in dioxane, it is 
2.7 X 10°. At this concentration, this electrolyte in 
dioxane is dissociated into its ions to the extent of three 
parts in 10 million. In water, at the same concentra- 
tion, its ions are associated to ion pairs to the extent of 
six parts in one hundred thousand (8). It would 
appear that the dielectric constant is a controlling factor 
in the association process of ions. 

One result of interest in these early measurements of 
Fuoss and Kraus is the fact that, when values of log 
A are plotted against values of log C, the plot is very 
nearly linear for dilute solutions in mixtures of lower 
dielectric constant and the slope of the plots is equal to 
—'/,. In other words, the conductance values conform 
to the Ostwald dilution law. The constant of the ion- 
ion pair equilibrium may be evaluated fairly closely 
from conductance values. 

At low concentrations in solvents of very low di- 
electric constant, where the concentration of ions is ex- 
tremely low, the ion atmosphere effect becomes negli- 
gible and the equivalent conductance serves as a direct 
measure of the degree of dissociation of the electrolyte. 
The value of Ay may always be approximated fairly 
closely by means of Walden’s rule. When we come to 
solvents of higher dielectric constant, the conductance of 
the free ions changes with concentration due to the ion 
atmosphere effect. This effect appears to be the greater 
the higher the concentration of ions and, therefore, the 
greater the degree of dissociation of the electrolyte. 

The dissociation constants as presently determined 
for electrolytes in solvents of intermediate dielectric con- 
stant are uncertain to an unknown extent. Some of 
these constants have been determined by the method of 
Fuoss and Kraus (5). In this method the assumption 
is made that the conductance of the free ions conforms 
to the simple Onsager equation (2) above. In other 
cases, the method of Fuoss and Shedlovsky (6) has been 
employed. According to this method it is assumed that 
the conductance of free ions deviates positively and 
nearly linearly from equation (2) and the deviation is 
much the same for all salts of the same type. We have 
reason for believing that the deviations from equation 
(2) may differ markedly for different salts and that 
they may be greater than is implicitly assumed in the 
Fuoss-Shedlovsky method. 

If ion association occurs, the conductance of an elec- 
trolyte is given by the equation (8): 


A = Ao — (ado + B)VC + AA + AoA (3) 


Here, A,A is the deviation of the conductance of the free 
ions from equation (2) and A,A is the conductance de- 
crease due to ion association. The experimentally ob- 
served deviation from equation (2) is: 


= + AcA (4) 
If A,A is known, A4,A becomes known and the degree of 


association of the electrolyte follows from the equation: 
A+ AA 
Here vy is the degree of dissociation of the electrolyte. 


If y is known, the value of the dissociation constant is 
given by the equation: 


1-y (5) 


= OF (6) 
where f is the activity coefficient of the ions. 

Assuming that the conductance of the free ions con- 
forms to the conductance equation of Fuoss and On- 
sager (30), Fuoss (31) has developed the theory under- 
lying the formation of ion pairs and has devised graphi- 
cal methods whereby the values of Ao, a, the sum of the 
ion radii, and K,, the association constant, may be 
evaluated. Using these methods, Fuoss and Kraus 
(32) have analyzed the conductance data of Martel (7) 
for solutions of several electrolytes in dioxane-water 
mixtures. 


2.0 3.0 


100/D 
Figure 1. Log Ka versus 100/D for NaBrO; in Dioxane-Water Mixtures 


In Table 1 are given values of D and K, for NaBrO, 
in dioxane-water mixtures. 


TABLE 1 
Association Constants of NaBrO; in Dioxane-Water Mix- 
tures 
% % 
Dioxane D zx. Dioxane 
0 78.48 2 35 
10 70.33 40 


20 61.86 : 50 
30 53.28 ‘ 55 


As may be seen from the table, the association con- 
stant of NaBrO; in water is very small. At a con- 
centration of 0.01 N, the degree of association is of the 
order of 0.4%. It is apparent that to determine the 
association constant of electrolytes by means of con- 
ductance measurements, the data must be of high pre- 
cision. 

Tho association constant increases markedly with de- 
creasing dielectric constant. For a mixture of 
D = 31.5, the value of K, is more than 20 times that in 
water. The association constant may be expressed as a 
function of D by means of a simple exponential equa- 
tion. The logarithm of K, is a linear function of the re- 
ciprocal of the dielectric constant, 1/D. In Figure 1 
is shown a plot of log K, versus 100/D. It will be noted 
that the experimental K, values approximate a straight 
line very closely. The K, values of other electrolytes 
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that have been examined conform to the same type of 
plot as does NaBrQ3. 

If Ao, a and K, are known, the conductance of the 
electrolyte may be calculated for any concentration, 
For NaBrO; in dioxane-water mixtures of dielectric 
constant 48.91, the values of Ao, a, and K, are, respec- 
tively, 61.785, 3.96 X 10-*, and 2.10. In Figure 2, 
are shown values of AoA, the observed deviation of A from 
equation (2), plotted against the concentration of the 
electrolyte. The continuous curve represents calculated 
values of ApA; the circles represent experimental values, 
As may be seen from the plot, the conductance values 
are reproduced within the limit of experimental error, 

The average value of the parameter a for NalirO, 
was found to be 4.02 + 0.07 XK 10~* over the range of 
dielectric constant studied. For 7-AmsNNO;_ and 
Bu,NI, the a values determined were, respectively, 7.7 
and 8.0 X 10-*. The K, values for these electrolytes 
are larger than for NaBrO3. 

Azzarri and Kraus (8) have calculated association 
constants for a considerable number of salts in water. 
The values of K, which they obtained are from 30°; to 
70% larger than those of Fuoss and Kraus, yet, with 
these K, values, measured conductances are reproduced 
within the limit of experimental error. 

The reason for this seeming inconsistency is simple. 
Azzarri and Kraus assumed that the deviation of the 
conductance of the free ions from equation (2) is a 
linear function of concentration. According to the 
equation of Fuoss and Onsager, which Fuoss and Kraus 
employ, this deviation should include a C log C term. 
This corresponds to a negative deviation from Onsager’s 
equation for concentrations below 1 normal. In the 
method of Azzarri and Kraus, this term is included in 
the A,A term. A plot of C log C versus C closely paral- 
lels one of (1 — y) versusC. Due to the presence of the 
C log C term in the deviation, as assumed by Azzarri 
and Kraus, their values for K, are too large. 

However, the sequence of K, values for different salts 
is the same as in the correct method of analysis by 
Fuoss and Kraus. From the sequence of the K, values, 
as found by Azzarri and Kraus, as well as by Fuoss and 
Kraus, it follows that the association constant KA, is 
larger for salts of larger ions than for salts of smaller 
ions. So, for example, Kz, as we have seen, is larger 
for Bu,NI than for NaBrO;. So, also, NaBrQ) is 
associated in water while NaCl is unassociated. 

In a variety of non-aqueous solvents, from benzene to 
nitrobenzene, association constants are the larger the 
smaller the ions, in conformity with Bjerrum’s theory 
(9). In water and in dioxane-water mixtures o/ di- 
electric constant >31.5, association constants are 


25 50 75 


10* 


Figure 2. Values of AjA versus C for NaBrO; in a 35% Dioxane-Water 
Mixture 


The curve gives the calculated values; the circles are experi: ntal 
points. 
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smaller as the lattice ions are smaller. It remains to 
account for these facts. 

The interaction between a pair of ions depends on the 
charge, size, structure, polarizability and, in some in- 
stances, the dipole moment of the ions. It also de- 
pends on the interaction of the ions with the solvent 
molecules which, in turn, depends on the size, structure, 
dipole moment, and polarizability of the solvent mole- 
cules. The interaction of the ions with each other is, 
thercfore, dependent on their interaction with the sol- 
vent molecules. These two interactions are not in- 
dependent, they are competitive; as the interaction 
of the ions with the solvent molecule is greater, that be- 
tween the ions is weaker. 

The effect of the interaction of ions with solvent mole- 
cules on the value of K, is well illustrated by solutions 
of MesNPi in different solvents. On the basis of 
Mercier’s data (35), Fuoss and Kraus have shown (32) 
that in solutions of this electrolyte in dioxane-water 
mixtures, the ions are unassociated down to a dielectric 
constant of 19.07. In acetone (17b) (D = 20.3) the 
association constant calculated on the basis of the 
Fuoss-Onsager equation is approximately 75. On the 
basis of equation (2) the value is 89. 

In the free picrate ion, the charge is distributed over 
the phenolic oxygen atom and the three nitro groups. 
In water, the distributed charge interacts with the 
water dipoles and the charge distribution is little 
affected by the MesN*+ ion. Thus, the interaction be- 
tween the ions is not sufficiently strong to stabilize the 
ion pairs. In acetone, the solvent molecules are larger 
and their dipole moment is smaller than that of water. 
The interaction of the solvent molecules with the charge 
on the picrate ion is correspondingly weaker. On the 
other hand, the interaction of the charge on the Me,N + 
jon with the charge on the picrate ion is large and, due 
to this interaction, the charge on the picrate ion is dis- 
placed in the direction of the counter ions and ion asso- 
ciation occurs. It is unfortunate that we lack data for 
other ions of the picrate type which might be expected to 
exhibit similar behavior. 

The introduction of a dipole into one of the ions of an 
ion pair leads to increased association. Thus the asso- 
ciation constants of ethyl-, hydroxyethyl-, and 
methoxymethyl-, trimethylammonium picrates in 
ethylene chloride (10) are, respectively, 2.0, 15, and 
3.9 X 10%. It will be noted that the last two of the 
above named ions are isomeric; the hydroxy compound 
doubtless has the larger dipole moment and it has much 
the larger association constant. 

As the size of the central atom of tetraalkylammo- 
nium ions is increased, the dissociation constant de- 
creases slightly. Thus, the constants of the picrates 
(11) of BuyN+, BuyP+. and Bu,Ast are, respectively, 
2.26, 1.60, and 1.42 xX 10-4. 

If the positive ion contains an active hydrogen atom, 
the dissociation constant of the ion pair will be reduced 


TABLE 2 
Dissociation Constants of Partially Substituted 
Alkylammonium Picrates in Nitrobenzene 


Ton K x 104 Ion K xX 10+ 
Bu,N+ 2000 BuNH;+ 1.49 
Bu NH* 1.90 NH,+ 1.46 
1.56 Me;NOH* 0.17 
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further due to hydrogen bonding. Thus, the dissocia- 
tion constant of i-Am,NPi in benzene is 2.18 K 10-"; 
that of Am;NHPi is 4 X 10-*". In Table 2 are shown 
K values for partially substituted ammonium picrates 
in nitrobenzene (12). 

It will be noted that Bu,NPi has a large dissociation 
constant, approximately 0.2. On replacing one butyl 
group by a hydrogen atom, K falls to 1.90 K 10-4. On 
further substitution of butyl groups by hydrogen, only 
a small further decrease occurs in the value of K, to 
only 1.46 X 10~-* for NH,Pi. If the hydrogen atom is 
connected with nitrogen through an oxygen atom, as in 
the case of Me;NOHPi, the dissociation constant falls 
to the low value of 0.17 X 1074. 

Triple Ions. It is a well established fact that, in 
solvents of dielectric constant less than about 12, the 
conductances at lower concentrations decrease with in- 
creasing concentration roughly in accordance with 
Ostwald’s dilution law. At higher concentrations, the 
rate of decrease falls off and the conductance, A, passes 
through a minimum value. Thereafter, A increases 
with increasing concentration. With decreasing D, 
the minimum shifts toward lower concentrations. 

This phenomenon is well illustrated by the results of 
Fuoss and Kraus (4b) with solutions of 7-AmyN NO, in 
dioxane-water mixtures. For D = 12, A is approach- 
ing a minimum a little above 0.1 N; for D = 9.0, the 
minimum lies at 0.07 N. With decreasing D, the con- 
centration at the minimum shifts regularly to reach 
a value of 2.5 X 10~* N in pure dioxane. 

The occurrence of the conductance minimum may be 
accounted for on the assumption that the simple ions 
interact with the ion pairs (4b) to form the triple ions, 
+—+ and —+-—. At low concentrations, triple ions 
will be present in only negligible amounts but they will 
be found in increasing proportion as concentration in- 
creases. Since the formation of triple ions will not 
affect the concentration of simple ions appreciably, the 
conductance of the electrolyte will be greater than it 
would be if triple ions were not formed. Ultimately, 
the conductance due to the formation of triple ions just 
offsets the conductance decrease due to the association 
of simple ions and a minimum appears. At higher con- 
centrations, the conductance increases with increasing 
concentration. 

If one assumes that the equilibrium constants for the 
two triple ions have the same value and one approxi- 

mates the Ao values for the two ions, the equilibrium 
constant may be determined. It has been found that 
on this basis the conductance may be accounted 
for reasonably satisfactorily from low concentration 
through the minimum (/3). However, at concentra- 
tions above the minimum, the conductance is greater 
than that calculated on the basis of triple ions only. 


TERRA INCOGNITA: CONCENTRATED SOLUTIONS 


Our knowledge of electrolytes today is much as was 
our knowledge of Africa prior to the explorations of 
Livingston and Stanley; it is peripheral. We know 
something of dilute solutions in water up to, perhaps, 
0.1 normal; in benzene, up to 1 X 10~* N, and we know 
a little something about fused salts. But we know 
very little about the vast area that lies between dilute 
solutions, on the one hand, and fused salts on the other. 

Some of the things we need to know are the following: 
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(1) The fraction of the electrolytes in solution that exists in 
the form of ions, the ‘‘ion fraction.’’ 


(2) Nature of the ions and their interactions with one an- 
other. 


(3) Nature of the interaction of ions with solvent molecules. 
(4) The effect of ion-solvent interaction on ion association. 
(5) Effect of ions on the state of the solvent. 


The Ion Fraction of Electrolytes 


Dilute Solutions. About the only means we have for 
determining the fraction of an electrolyte that exists as 
free ions is to measure its conductance. In principle, if 
we know how the conductance of the free ions varies as 
a function of their concentration, the concentration of 
such ions in the solution may be found and the ion frac- 
tion becomes known. 

Unfortunately, the relation between conductance and 
concentration is not known except for very dilute solu- 
tions where the generalized equation of Fuoss and On- 
sager (30) is known to hold. If the association constant 
of the electrolyte is small, K, < 1000, and the con- 
ductance data have adequate precision, the value of 

-K, and, therefore, the ion fraction, may be evaluated 
by the method of Fuoss (31). In solvents of inter- 
mediate dielectric constant, if K, > 1000, the associa- 
tion constant of the electrolyte may be approximated 
fairly closely by the method of Fuoss and Shedlovsky 
(6) and the ion fraction becomes known. 

As of now, the only electrolyte solutions for which we 
can determine the ion fraction directly from conductance 
measurements are solutions in solvents of very lew 
dielectric constant, such as benzene. For a strong 
electrolyte, such as Am,NSCN, the ion fraction, at 
1 X 10° N, is 1 X 10-*; the limiting conductance, 
Ao, is approximately 100 as determined on the basis of 
Walden’s rule. The concentration of free ions is, 
therefore, 1 X 10". At this low ion concentration, 
the ion atmosphere effect becomes negligible and the 
conductance serves as a direct measure of the degree of 
dissociation of the electrolyte. 

With one known exception, the conductance of elec- 
trolytes in water decreases continuously from dilute 
solutions to the limit of solubility. The exception is 
KI at 0° (29). For these KI solutions, the conductance 
passes through a minimum followed by a maximum. 
This peculiar behavior is due to the changing viscosity 
of the solution. For this salt, the viscosity decreases, 
passes through a minimum at 3 normal and thereafter 
increases. The maximum and minimum of the con- 
ductance values are clearly due to the changing vis- 
cosity. A corrected conductance plot, in which ob- 
served A values are reduced in proportion to the vis- 
cosity decrease, is of a normal type. 

In solvents of low dielectric constant, where a mini- 
mum appears at low concentrations, the conductance, 
beyond the minimum, increases continuously up to 
approximately 1 N, where a maximum appears. This 
maximum is due to the increasing viscosity of the solu- 
tion. 

The viscosity of these solutions at low concentrations 
differs little from that of the solvent. There can be no 
doubt that the observed conductance increase is due to 
an increase in the ion fraction even though we may not 
know just what the nature of the ions may be. It needs 
to be borne in mind that the conductance increase may 
be very large. For i-Am;NHPi in benzene between the 
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minimum at 1 X 10~* N and the maximum at 1.06 N, 
the conductance increases 1.74 X 10°-fold. At the 
minimum, the conductance is 2.7 K 107-7; at the niax. 
imum it is 0.047. Assuming A» to be approximately 
100, the ion fraction increases from 2.7 X 10- to 
4.7 X 10~*. 

Concentrated Solutions. When we come to more ‘on- 
centrated solutions, where the viscosity is often many 
times greater than that of the solvent, we can no lo.ger 
estimate the ion fraction by means of the experimental 
conductance values. The best we can do here is to 
assume the approximate validity of Walden’s rule. 

According to this rule, the conductance of an electro. 
lyte is inversely proportional to the viscosity, so that 
their product, An, is a constant. This holds reasonably 
well for limiting conductances in different solvents, 
The rule probably holds equally well for viscosity 
changes due to changing electrolyte concentration, 
Thus, by means of the change of An values, we can fol- 
low changes in the value of the ion fraction. 

In the limit, the most concentrated solution that we 
can obtain for any electrolyte is the fused salt. We can 
measure its equivalent conductance and its viscosity and 
thus obtain a value for the Walden product, which we 
shall designate as (An). If, now, we add a solvent of 
low dielectric constant to a fused salt and measure the 
conductance and viscosity of the solution, we find that 
the conductance increases while the viscosity decreases. 
The product An also decreases. This decrease is due to 
an ion association and the degree of association, 
1 — 7, is approximately given by the equation: 


An 
(An )o 


where y is the ion fraction. We are postulating here 
that the fused salt is completely dissociated into its ions. 

At the present time, we have data for only one elec- 
trolyte whose conductance and viscosity have been 
measured over the complete concentration range from 
dilute solution to fused salt. These data relate to solu- 
tions of Bu,NPi in butanol at 91°. The measurements 
were carried out by Dr. Ralph P. Seward (14), of the 
Pennsylvania State University. 

The limiting conductance, Ao, of the salt is 71.5 and 
that of the fused salt, 0.778. The viscosity of the sol- 
vent is 6.09 X 10-* and that of the fused salt is 581 
xX 10-*. Thus, the conductance-viscosity product, 
Aon, for the limiting dilute solution is 0.435 and for the 
fused salt (An)»o = 0.452. 

The conductance-viscosity product for the fused salt 
is practically the same as that for the solution at in- 
finite dilution. The agreement between these two 
values is, perhaps, better than one might have expected. 
In any case, the agreement supplies evidence to support 
the view that the fused salt is completely dissociated 
into its ions. 

The dissociation constant of the electrolyie is 
3.2 X 10-4. The salt is 50% dissociated at ap)roxi- 
mately 1 X10-*N. The conductance decreases ¢«nti- 
uously with increasing concentration to that of the fused 
salt without the appearance of a minimum. Thix indi- 
cates that triple ions are not formed. 

The conductance-viscosity product falls off sharply 
dilute solution primarily due to ion association. At 2 
concentration of 0.083 N, the value of Ay passes th: ough 
a pronounced minimum after which it increase~ con- 
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tinuously to that of-the fused salt. At the minimum, 
the value of An/(An)o = 0.18. At this concentration the 
dect rolyte is associated to the extent of about 80%. The 
triking fact is that the ion-ion pair equilibrium, which 
conforms to the law of mass action in dilute solutions, in 
that the degree of association increases with concentra- 
tion, goes into reverse at a concentration of 0.083 N and 
the degree of association decreases thereafter until the 
completely dissociated fused salt is reached. 

Similar results have been found for solutions of salts 
in bromine (15) although data are lacking for dilute 
solutions. Since the dielectric constant of bromine is 
oly 3.09, salts are highly associated even in fairly 
dilute solutions. The conductance viscosity product 
increased with concentration for the more concentrated 
lutions and the fused salts gave about the same value 
as that obtained for other fused salts which range be- 
tween 0.5 and 2.0. 

This phenomenon of the reversal of the ion-ion pair 
equilibrium is a very general one although we have but 
few cases where measurements extend over the whole 
concentration range from dilute solutions to fused salts, 
and we do not now know at what concentration the 
reversal occurs. It may, however, be confidently 
sated that af the ions of any typical electrolyte are asso- 
ciated in any solvent at low concentration, the degree of 
association will reach a maximum value at some higher 
concentration and thereafter will decrease continuously 
until the fused salt is reached. 


Nature of the Ions 


Our present discussion will be limited to typical elec- 
trolytes, that is, electrolytes which exhibit an ionic 
structure in the crystalline state and which exist only 
asions in the fused state as well as in highly dilute solu- 
tions (ionopheres) (36). This excludes such substances 
as the acids which form ions in solution only if a suitable 
reaction occurs with the solvent molecules (ionogens) 
(36). 

In solvents of higher dielectric constant and in dilute 
sdlution in solvents of low dielectric constant, we have 
to deal only with simple ions. Aside from the number 
and kind of atoms in these ions and the number and sign 
of the charges that they carry, our knowledge of simple 
ions is very limited. Because of the charges that the 
ions carry, they interact with the solvent molecules; 
particularly so, if these molecules have a large dipole 
moment. 

Solvation of Ions. We can gain some knowledge of 
in solvation by studying solutions in suitable non- 
aqueous solvents. For example, there can be little 
doubt that sodium, lithium, and silver ions are solvated 
in pyridine (16). If ammonia is added to solutions of 
these ions, their conductance increases. The addition 
of NH; at a concentration of 0.23 N to a solution of 
LiPi in pyridine increases the limiting conductance of 
the Lix ion 39%. At the same concentration of NHs, 
the conductance of the Na+ ion in NaPi and Nal is in- 
creased 45%. At a concentration of 0.37 N of NHs, 
the conductance of an Ag+ ion in AgNO; is increased 
19%. Evidently, the smaller ammonia molecules dis- 
place the larger and less basic pyridine molecules with a 
consequent increase in the conductance of the ions. 
‘imilar effects are not found with the quaternary am- 
honium ions or the picrate ion. Studies along this line 
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with other solvents might throw further light on the 
solvation of ions. 

The ions, as they exist in ion pairs, are not necessarily 
identical with the free ions in solution. Solvent mole- 
cules attached to the free ions may no longer retain their 
position under the action of the intense fields when the 
ions are in contact. An intercomparison of the dis- 
sociation constants of ion pairs in different solvents 
may throw some light on the problem. 

In Table 3 are shown values for the dissociation con- 
stants of picrates of Lit, Nat, K+ and Me,N* ions in 
three different solvents: pyridine, acetone, and nitro- 
benzene. The dielectric constants of these solvents are, 
respectively, 12.01, 20.47, and 34.8. All three of the 
solvents are of the aprotic type and two of them have 
basic properties. Values of K for Me,;NPi are given for 
purposes of comparison. 


TABLE 3 
Dissociation Constants of Picrates in Different Solvents 
Pyridine Acetone Nitrobenzene 
(16) (12) 
Salt K X 104 K X 10* K X 104 
Me,NPi 6.7 112. 400. 
LiPi 0.83 10.3 0.0006 
NaPi 0.43 13.5 0.28 
KPi 1.0 34.3 6.86 


It will be noted that the K values for the alkali metal 
salts in acetone and pyridine are markedly lower than 
those for Me,;NPi. It is of interest also that, in 
pyridine, K is greater for LiPi than it is for NaPi. 

In nitrobenzene, the K values for the alkali metal 
picrates are strikingly lower than that of MesNPi. The 
value of K of 400 X 10~‘ is doubtless somewhat larger 
than the true value due to the assumption that the con- 
ductance of the free ion conforms to equation (2). 
However, the true value cannot differ greatly from the 
value given in the table. For KPi, K is many times 
lower than that of Me,NPi, in contrast to the values in 
acetone. The K value for KPi in _ nitrobenzene 
(D = 34.8) is practically the same as that of Me,NPi in 
pyridine (D = 12.01). For NaPi, K in nitrobenzene is 
40% less than that in pyridine, while K for LiPi in 
pyridine is 1400 times greater than that in nitroben- 
zene. 

It appears that in acetone the ions in the ion pairs do 
not differ greatly from the free ions. The low values of 
K for the alkali metal picrates in pyridine indicate that 
the ions in the ion pairs are smaller than the free ions; 
the solvent molecules are not completely retained in the 
ion pairs. The same is true for the same ions in nitro- 
benzene, particularly for NaPi; no solvent molecules 
can be present in the ion pairs. In the case of LiPi, one 
might suspect that not all the lithium is present in the 
ionic form in the ion pairs. It is of interest to note that 


the conductance of the K+ ions (17.8) in nitrobenzene is 


almost the same as that of the Me,N* ion (17.1). 
Earlier in this paper, it was pointed out that Me,N Pi 
is unassociated in water and in dioxane-water mixtures 
down to a dielectric constant of 19.03. It was suggested 
that the absence of ion association in the mixtures of 
lower dielectric constant might be due to the fact that 
the charge in the free picrate ion is distributed over the 
entire ion and that in the presence of water molecules, 
the charge distribution is not greatly changed due to the 
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Figure 3. Association Numbers for Different Types of Electrolytes in 
Benzene 


Type 1, i-AmsNHPi; type 2, i-AmsNSCN; type 3, i-AmsNPi. 


presence of a Me,N+ ion. In organic solvents with 
larger molecules and smaller dipole moments, the charge 
on the picrate ion is localized, probably on the phenolic 
oxygen atom, due to the presence of the counter ion. 
This accounts, in part, for the otherwise unusually low 
K values of the picrates in pyridine and nitrobenzene. 

Association of Ions in Benzene. As the dielectric 
constant of the solvent medium decreases, the intensity 
of the fields surrounding the ions increases and new 
types of interaction products appear. In solvents of 
high dielectric constant, only ion pairs are formed. In 
solvents of somewhat lower dielectric constant, triple 
ions are formed. In solvents of low dielectric constant, 
polyionic structures of higher order appear at higher 
concentrations; some of these are neutral and others 
carry charges. 

Benzene is a solvent of low dielectric constant 
(D = 2.28) in which electrolyte solutions have been 
studied extensively. Here, we have conductance data 
(18) from 1 X 10-* N to above 1 N, eryoscopic data 
(33) from 1 X 10-* N to 0.75 molal and molecular 
polarization (34) values down to concentrations ap- 
proaching 1 X 10-° N. The properties of these solutions 
are very sensitive to the size and structure of the ions 
as was to be expected. 

The properties of electrolyte solutions in benzene are 
primarily determined by the size and structure of the 
ions and the dipole moment of the ion pairs. On the 
basis of their properties, the solutions fall into three 
well-defined types. In Table 4 are given values of the 
dissociation constant, K; the dipole moment, 4; and 
the distance, d, between the centers of charge of the ions 
in the ion pairs, for z-Am;NHPi, 7-Am,NSCN, and 7- 
Am,NPi. These salts are, respectively, of types 1, 2, 
and 3. 

Type | electrolytes consist of two large ions which are 
hydrogen bonded; both K and the dipole moment are 
relatively small. Type 2 electrolytes consist of a large 
positive and a smaller negative ion; both K and yu are 


TABLE 4 
Constants of Electrolytes in Benzene (15) 
(Type 1) (Type 2) (Type 3) 
i-Am;NHPi i-AmsNSCN  i-Am,NPi 
K X 10% 0.004 19.3 21.8 
uw X 108 13.3 15.4 18.3 
dX 10 2.79 3.23 3.82 


relatively large. Type 3 electrolytes comprise halid 
large ions; both K and » are somewhat larger tha for ff of th 
type 2. 

In Figure 3 are shown plots of the association nun ber, § Tab! 
n, (formula weights per mole) for each of the three <alts 
of Table 4. On examining this figure, it will be noted 
that ¢-Am;N HPi, of type 1, is only slightly associat« ty | = 
quadrupoles (6%) at the lowest concentration (1 x |()-: 
N). At the highest concentration, n = 2.75, associ: ion 
has not proceeded very far beyond the quadrupole § — 
state. The quaternary ammonium picrate, 7-Am,\ Pj, 
is of type 3, and more highly associated than is the } 4a! 
tertiary salt. At the highest concentration (3.8 Jogi 
N), 40% is associated to quadrupoles. Bron 

As may be seen from Figure 3, i-AmsNSCN, of type § ©! 
2, is highly associated. Molecular polarization me:sure- 
ments indicate that association to quadrupoles is ap- 
preciable at 4 X 10-°N. At 1 X10-*N, the associa. | 
tion number has already reached a value of about 3.5, | ‘A! 
Association increases with concentration until n reaches | the 
a maximum of 26 at 0.14 N. Thereafter, n decreases | ¢OM 
rapidly to a value of 11.5 at 0.49 N. The behavior of | ord 
this electrolyte is typical; other electrolytes of the same the 
type exhibit the same behavior. min 

Conductances in Benzene. The conductances of | ™® 
electrolytes in benzene also fall into three typical pat- | flue 
terns, as shown in Figure 4, where values of log A are | abe 
plotted against values of log C for the three salts of | larg 
Table 4. the 

Type 1 is characterized by a relatively high concen- | 2 
tration at which the minimum appears, and a very large } 5° 
increase in conductance between the conductance min- | Dif 
imum and maximum. Thus, for 7-Am;NHPi, the con- 
ductance at the minimum (1 X 10-* N) is 2.7 x 1077; 
the maximum lies at 1.08 N and the conductance is 


-2- 
log A 
YPES 
TYPE 
1 4 A 1 1 
-6 -4 -3 -2 =! 
jog C 
Figure 4. Conductance Plots for Electrolytes in Benzene 
0.048. Between the two concentrations the con- 


ductance increases 1.74 X 10°-fold. 

For type 2, the minimum lies at much lower concen- 
trations than for type 1 and the conductance increase 
between minimum and maximum is markedly smaller. 
We do not have data for i-Am,NSCN through the max- 
imum but we have such data for Bu;NSCN(18). For 
this electrolyte, the minimum lies in the neighborhood of 
1 X 10 N and the conductance is 0.8 X 10~‘; the 
maximum lies at 1.35 N and the conductance is | .16. 
The conductance increase is 1.4 X 104-fold, about «ne- 
tenth that of the tertiary picrate. 

Characteristic of type 2 is the manner in which the 
conductance increases with concentration; it takes 
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place in a series of steps. The tetraisoamylammonium 
halides all conform to type 2. To illustrate the effect 
of the different halide ions on the observed phenomenon, 
alucs of the concentration of the minimum are given in 
Table 5, along with the conductances at the minimum 
and at concentrations of 1 X 10-* N and 1 X 10-?N. 


TABLE 5 
Comparison of Conductances of Tetraisoamylammonium 
Halides in Benzene (13) 
—a X 
Cota: = = 
Halid: x 10° Cnin. 1% 
Iodide 1.0 1.27 
Bromide 1.5 0.94 3.4 6.8 
Chloride 2.0 0.56 3.4 6.4 
Fluoride 2.5 0.32 3.2 6.6 


The dissociation constants of the halide salts of 
i-Am,;N* decrease as we go from iodide to fluoride and 
the minimum shifts toward higher concentration. The 
conductances at the minimum decrease in the same 
order. Above the minimum, the conductance increases 
the more sharply the higher the concentration of the 
minimum. At the minimum, the conductances differ 
markedly, that of the bromide is three times that of the 
fluoride. For salts of the smaller ions, the conductance, 
above the minimum, increases more sharply than for the 
larger ions. Between 1 X 10-* N and 1 X 107? N, 
the i-Am,N* halides have practically the same conduct- 
ance. At concentrations above the minimum, the dis- 
sociation constant of the electrolyte is no longer a sig- 
nificant factor in the ionization process. 

As illustrating the greater conductance increase of 
salts of smaller ions beyond the minimum, it may be 
noted that between the minimum and C = 0.001 N, 
the conductance of the bromide, chloride, and fluoride 
increases, respectively, 3.8, 6.0, and 10-fold. Between 
C = 0.001 and C = 0.01, the conductance increase for 
these salts is practically the same, 2.8-fold. 

A lower limit is readily found for the ion fraction of 
salts in benzene by dividing the observed conductance 
by the limiting conductance, Ao. For benzene, Ao is 
roughly 100. At the minimum, the ion fraction of salts 
of type 1 is of the order of 3 * 10~° and of type 2, 
1 X 10-*% At the conductance maximum, the ion 
fraction for BusNSCN, on this basis, is 1.16%. How- 
ever, at the conductance maximum (1.35 N), the vis- 
cosity of the solution is about 20 times that of benzene. 
The ion fraction must lie in the neighborhood of 20%. 
At high concentrations, a large fraction of the electro- 
lyte exists as ions in benzene. 

While it is possible to approximate the fraction of 
electrolytes that exists in the form of ions in benzene 
solution, except at very low concentrations, we do not 
know what the ions are. At concentrations well below 
the conductance minimum, the electrolyte exists as 
simple ions and ion pairs. In the neighborhood of the 
minimum, triple ions are also present. Quadrupoles 
may also be present but only in negligible amount. 

_ In the case of Am;NHPi, simple ions must be present 
in large proportion along with triple ions up te 0.01 N, 
Where quadrupoles are present to the extent of 60%. 
At high concentrations, ions of higher complexity may 
appeir in considerable proportion since hexapoles are 
present in considerable amount. It seems probable that 
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simple ions are present in measurable proportion up to 
1 N, the conductance maximum. If this is true, the 
equilibrium between the ions and ion pairs must go into 
reverse in the neighborhood of the minimum. 

With type 2 electrolytes, such as Am,NSCN, there is 
a sharp conductance increase at the minimum, indicat- 
ing that a new process of ion formation has set in which 
differs from that leading to triple ions. At 1X 
the electrolyte contains on the average 3.5 formula 
weights of electrolyte per mole; there can be very few 
triple ions present. If we are to account for the large 
conductance increases at higher concentrations on the 
basis of simple ions, any ion pairs that might be present 
would have to be very highly dissociated. 

It is possible that the conductance increase above the 
minimum is due to the breaking up of the complex 
polyionic structures into charged fragments. Such a 
process might serve to account for the stepwise increase 
of the conductance of type 2 electrolytes. 

It is to be noted that, while the dissociation of the 
electrolyte into ions increases continuously above the 
minimum, the association of the ion pairs increases up 
to a concentration of about 0.2 molal. It would appear 
that, as the concentration of ions increases, the forces 
interacting between the ions weakens. This leads, 
first, to an increase in dissociation of the electrolyte into 
ions at concentrations above the minimum and, sec- 
ond, to dissociation of the polyionic aggregates into 
simpler structures, at concentrations above about 0.2 
molal. Ultimately, this leads to the completely dis- 
sociated fused salt which exists only as a collection of 
free ions. 

Type 3 electrolytes have only limited solubility and we 
have data for only one example of this type, 7-Am,N Pi, 
up to a concentration of 1.32 K 10-* N. At concentra- 
tions below the minimum, the conductance of Am,NPi 
closely parallels that. of <-Am,NSCN. However, the 
minimum for the thiocyanate lies at 14 XK 10° N, 
while that of the picrate lies at 5 X 10-° N. As may be 
seen from Figure 4, the conductance of the thiocyanate 
rises sharply at the minimum and thereafter increases 
stepwise. The conductance plot of the picrate is 
everywhere convex toward the C-axis. From the mini- 
mum to 2 X 10-* N, the conductance of the picrate is 
much lower than that of the thiocyanate; above 2 X 
10-* N, the conductance of the picrate is much the 
higher. It is apparent that the process of dissociation 
of the electrolyte to ions, as well as their association to 
complex polyionic aggregates, is highly sensitive to the 
size and structure of the ions. 


Interaction of Ions with Solvent Molecules 


Since ions in solution are surrounded by strong elec- 
trical fields, we should expect that they would interact 
with the electrical dipoles of the solvent molecules. 
We should also expect the interaction to be the greater 
the more intense the field around the ions, the smaller 
the solvent molecules and the larger the dipole moment 
of the solvent molecules. Such interactions manifest 
themselves in various ways. They affect the motion of 
the ions through the solvent medium, they may lead to 
the formation of definite solvates, and they may affect 
the interaction of the ions with one another. 

Ton Conductance and Solvation. In the limit of in- 
finitely dilute solutions, the conductance of ions is de- 
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termined by the nature of the ions, such as their size, 
and by the properties of the solvent, such as its viscosity. 
The state of the solvent, however, is unaffected by the 
ions as it may be in more concentrated solutions. We 
have values for the limiting conductance of a consider- 
able number of different ions in water and some half 
dozen non-aqueous solvents. In water, the ion con- 
ductances have a fairly high precision but in other sol- 
vents the precision is usually much lower. So long as 
we are comparing the conductance of ions of the same 
sign, this lack of precision will not mislead us seriously 
in any conclusions that we may draw. We shall first 
consider monatomic ions, that is, ions consisting of a 
single atom carrying one unit charge. About the only 
ions of this type for which we have data are the halide 
ions, Cl~, Br~, and I~ and the alkali metal ions, Lit, 
Nat, and K+. 

In Figure 5 are shown the percentage differences be- 
tween the conductances of the Cl~ and I~ ions with re- 
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Figure 5. Compari of Conduct of the Cl- and I~ with 
Respect to the Br~ in Various Solvents 


spect to that of the Br~ ion. Let us first consider the 
conductance values in H,O, NH;3, and HCN (20). In 
these solvents the differences are very small, amounting 
at most to about 3%. The order of the conductance 
values differs in the three solvents. In H,O, the order 
is Br~ > I- > Cl-. In NHs the order is Cl- > Br~ > 
I-, and in HCN, it is I- > Br~ > Cl-. 

It is obvious that the conductance of these ions is not 
determined by the lattice size of the atoms that carry 
the negative charge; the cause for their having the 
same conductance must be sought elsewhere. This 
must lie in the interaction of the ions with the solvent 
molecules. The intensity of the fields surrounding the 
ions must increase greatly as we go from the relatively 
large I- ion to the much smaller Cl- ion. As the field 
intensity increases, the interaction with the solvent 
molecules increases and the conductance decreases with 
respect to that of larger ions. 

In solvents having large molecules, the order of con- 
ductance values is, in all cases but one, Cl- > Br~ > 
I-. Thus, the conductance of the Br~ ion is markedly 
greater than that of the I~ ion in pyridine, acetone, ni- 
trobenzene, and ethylene chloride, while it is smaller 
than that of the Cl- ion in nitrobenzene and ethylene 
chloride. In pyridine, Br~ and Cl~ ion conductances 


are almost identical while in acetone, Br- is ¢»- 
siderably greater than What is particularly 
striking is the large difference for the halide ions jy 
ethylene chloride; the conductance of the I- io js 
12% smaller than that of the Br~ ion and that of | he 
Cl- ion is 16% greater. It appears that the inter. 
actions of ions with solvent molecules and, therefore. 
their conductances are greatly dependent on the nature 
of the solvent molecules. 

The only univalent positive ions for which we }).\\-e 
data in a variety of solvents are the alkali metal joys 
K+, Na+, and Lit. However, our knowledge of these 
ions is much more limited than is that of the halide ions 
because of their limited solubility, particularly in or- 
ganic solvents. In Table 6 are shown values of the ion 
conductances of K+, Nat, and Lit ions in water, 
ammonia, pyridine, and nitrobenzene. The conduct- 
ance value for Lit is lacking in nitrobenzene because 
its picrate is so weak an electrolyte that its Ap value 
cannot be determined. For purposes of comparison, 
ion conductance values are also given for Me,N*, 
EtsN+, Bu,sN+, and H,N* ions. 


TABLE 6 
Conductance of Positive Ions in Different Solvents 
Nitro- 
zene 


(12) 


Inspection of Table 6 will show that the conductances 
of these alkali metal ions increase in the order K+ > 
Na* > Lit in all solvents. The differences are greatest 
in water and smallest in nitrobenzene. In water, the 
differences between the K+ ion and the Na* and Li* ions 
amount, respectively, to 32% and 46%. For the sol- 
vents, water, ammonia, pyridine, nitrobenzene, the dif- 
ferences between K+ and Nations amount, respectively, 
to 32%, 20%, 18%, and 8%. It seems probable that, 
with the exception of nitrobenzene, the Na+ and Lit 
ions are solvated in all these solvents. In the case of 
pyridine, as was pointed out in an earlier section, we 
have independent evidence for solvation of the Na* and 
Lit* ions. 

In water, the conductance of the K+ and Na‘ ions 
is much larger than that of the Me,N* ion, while that 
of the Li+ ion is intermediate between that of the 
Me,N+ and Et,N+ ions. In pyridine, the Li* ion has 
nearly the same conductance as the Bu,N + ion and one- 
half that of the H,N* ion. 

In nitrobenzene, the conductance of the Na* ion 1s 
8% less than that of the K+ ion. The difference 1s 


‘Nore AppED IN Proor: A personal communication ‘rom 
Dr. Edward G. Taylor of Williams College has informe: me 
that he has recently measured the conductance of halid:s m 
acetone and finds the order to be Cl- > Br~ > I~. The con- 
ductance value for Cl- ion as shown in Figure 5 isin error. The 
order of the conductances of the halide ions in acetone i- the 
same as it is in the other three organic solvents and the «\er- 
ences between the three ions are very small. 
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little greater than that between the chloride and 
bromide ions (20.2 and 21.6). It is reasonable to 
assume that the alkali metal ions are not solvated in 
nitrobenzene in the same sense that they are in the other 
three solvents. Yet, the Na* ion definitely has a 
lower conductance than the K* ion. However, as in 
the case of the halide ions in water, the conductance 
is de'ermined by the interaction of the ion with the sol- 
yent molecules rather than by the size of the ions. 

Tl.e H,4N * ion is of interest; in water, its conductance 
is alaost the same as that of the K* ion, in liquid 
ammonia, it is the same as that of the Na*+ion. In 
pyridine, however, the conductance of the H,N* ion 
js exceptionally high, being nearly 50% greater than 
that of the K+ ion. This may indicate that the K+ 
ion is solvated in pyridine. In nitrobenzene, the con- 
ductance of the H,N*+ ion is only 3% greater than that 
of the K+ ion. It seems probable that the H,N+ ion 
may be solvated in ammonia but not in the other sol- 
vents. 

Although we have data for only a limited number of 
polyatomic negative ions in different solvents, we may 
draw some conclusions from those that we have. In 
Table 7 are shown conductance values for a number of 
negative ions in ethylene chloride and nitrobenzene. 


TABLE 7 


Conductance of Negative Ions in Ethylene Chloride (19) 
and Nitrobenzene (12) 


Solvent BF,- SCN- NO; CW” cl- 
C:H,Cl. 42.7 42.4 40.1 39.2 39.1 
22.1 22.6 20.9 22.2 


It will be noted that, in ethylene chloride, the chloride 
ion has the lowest conductance of the five ions listed. 
Its conductance is 9% less than that of the BF,~ ion 
and it is the same as that of the ClO,~ ion. In nitro- 
benzene, the conductance of the Cl- ion is the same as 
that of the BF,~ ion and somewhat smaller than that of 
the NO;~ ion. 

Obviously, the conductance of these negative ions is 
not determined by their size alone; some other factor 
must be involved. It is to be looked for in the inter- 
action of the ions with the solvent molecules. The 
smaller the ions, the greater is their interaction with the 
solvent molecules. 

Ion Conductance and Ion Size. While it is not possible 
to change the size of the negative ions in a systematic 
manner, this is readily accomplished in the case of posi- 
tive ions by means of the quaternary ammonium ions. 
We have data for the conductance of quaternary am- 
honium ions from H,N+ to Am,N+ in a variety of sol- 
vents, including water. 

In studying the effect of ion size on conductance, it is 
advantageous to compare equivalent ion resistances 
(19) rather than conductances. In comparing ion re- 
‘istance- in different solvents, it is necessary to take into 
account their different viscosities. Accordingly, we 
shall ecmpare values of resistance-fluidity products, 
R*f,or |/Ano. In Figure 6, are shown values of R*+f for 
ummoniim ions from H,N+ to Am,N* in water, pyri- 
dine anc’ acetone (1 7b). Here, values of R+f are plotted 
s ordin::tes against the number of carbon atoms in the 
aS aDscissas. 

let us first consider ion resistances in water. 


It will 
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Figure 6. Reciprocal An) Products for Quaternary Ammonium Ions in 
Water, Acetone, and Pyridine 


be noted that in water the resistances increase roughly 
as a linear function of the number of CH: groups in the 
ions, all the way from H,N+to Am,N*+. The resistance 
change is greatest in going from EtsN+ to PrsN+ and 
smallest in going from BusN+ to Am,N+. It would 
seem that the resistance which an ion experiences in 
drifting through the solution under the action of an 
impressed field is dependent on its cubical rather than 
its linear or quadratic dimensions. Perhaps it would be 
better to say that it is dependent on its volume. 

The resistance plots for pyridine and acetone are sim- 
ilar to those for water for the larger ions, although the 
resistances are markedly smaller for these solvents than 
for water. On the other hand, the resistances for H,N*, 
Me,N +, and Et,N* are much greater in organic solvents 
than in water. In the former solvents, the reduced re- 
sistances, R +f, differ little for these ions, although they 
are somewhat larger in acetone than in pyridine. It is 
of interest to note that in acetone the resistance of the 
H,N* ion is almost as great as for the Ets,N+ ion and 
greater than for the Me,N*+ ion. The resistance plots 
for ethylene chloride and nitrobenzene are very similar 
to those for pyridine and acetone. The reduced re- 
sistances, R+f, for the Bu,sN+ ion have nearly the same 
value in the four organic solvents, showing that Wal- 
den’s rule applies fairly well for this ion in such solvents. 

It is of interest to compare the conductances of nega- 
tive ions with those of positive ions of about the same 
size and structure. In Table 8 are shown ion conduct- 
ances for the ClO,~ and the Me,N* ions in a number of 
different non-aqueous solvents. 


TABLE 8 
Conductance of ClO,~ and Me.N* in Different Solvents 
Ethylene Nitro- 
chloride Pyridine Acetone benzene 
(22) (16) (17) (12) 
ClO,- 39.2 47.6 115.3 20.9 
Me,N + 42.6 43.0 97.8 17.3 
A-/At 0.92 1.11 1.18 1.21 


The two ions have the same symmetry and the 
Me,N* ion is the smaller on the basis of atomic di- 
mensions. In ethylene chloride, the conductance of the 
Me,N* ion is 8% greater than that of the ClO,~ ion. 
In the other three solvents, the conductance of the 
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ClO,~ ion is from 10% to 20% greater than that of the 
MeNt ion. This goes to show that the conductance 
of smaller ions in non-aqueous solutions is in large 
measure determined by the interaction of the ions with 
the solvent molecules rather than by their lattice size. 

Ion Conductance and Temperature. Except for the 
measurements of A. A. Noyes (23) and his associates, 
we have no data as to the conductance of ions at high 
temperatures. However, we know that if ion associa- 
tion does not occur, the conductance of electrolytes 
increases with temperature, due to the decreasing vis- 
cosity of the solvent. If ion association occurs, the 
conductance increases with temperature at lower tem- 
peratures, where ion association is small, and passes 
through a maximum at a higher temperature as ion 
association increases due to the decreasing dielectric 
constant. The lower the concentration and the higher 
the dielectric constant of the solvent, the higher the 
temperature at which this maximum appears. With 
1-1 electrolytes in water, the maximum appears above 
306°C.; with 2-2 electrolytes, it appears between 100° 
and 200°. 

Already, Kohlrausch had pointed out that the tem- 
perature coefficient of ions of higher conductance is 
smaller than that of ions of lower conductance. In 
other words, the transference numbers of ions approach 
each other with increasing temperature. 

On the basis of Noyes’ data, Johnston (24) examined 
the relation between the conductance of ions and tem- 
perature in water up to 156°C. He found that the con- 
ductance could be expressed as a function of fluidity by a 
simple exponential equation: 


Ao = kf? (8) 


where f is the fluidity of the solvent and k and p are 
empirical constants. He found that, for ions of high 
conductance, p is less than unity but that for ions of 
very low conductance, p is equal to unity. Thus he 
found p = 0.97 for the sodium ion and p = 1.008 for the 
acetate ion. For the potassium ion, p is equal to 0.89 
and for the chloride ion to 0.88. 

The acetate ion has a low conductance in water and 
its value of f/Ao~ is equal to 2.71 + 0.01 for eight dif- 
ferent temperatures from 0° to 156°. If we compare 
the conductance values of the different ions with those of 
the acetate ion, we find that the ratio Agion/ Apacetate 
decreases with temperature and the decrease is the 
greater the higher the conductance of the ion. Thus, at 
0°, the ratios for Na+, K+, and H+ to acetate ion are, 
respectively, 1.28, 1.99, and 11.8 (nearly twelve); at 
306°, they are, respectively, 1.11, 1.18, and 1.82 (i.e., 
nearly equal). 

Since the conductance of the acetate ion varies di- 
rectly as the fluidity of the solvent, the decrease in 
the ratios is not to be ascribed to a relative increase in 
the conductance of the acetate ion. We can only con- 
clude that the mobility of the other ions is slowed down 
with respect to that of the acetate ion. Since its con- 
ductance is low, it seems probable that the acetate ion 
is hydrated. Seemingly, the degree of its hydration 
does not change greatly with temperature. Possibly 
the degree of hydration of the other ions increases with 
temperature. Without doubt, the manner in which the 
conductance of the different ions changes with tempera- 
ture is related to the great decrease of the dielectric 


constant of the solvent with increasing temperature. 
We should expect the interaction of the ions with the 
water molecules to increase as the dielectric constant of 
water decreases and we should expect the effect of <uch 
interaction to be the greater the smaller the ion. 


Ion-Solvent Interaction and Ion Association 


The interaction between two ions of given charge at 
short range depends on the size, structure, and polari- 
zability of the ions, and, also, on the size, structure, di- 
pole moment, and polarizability of the solvent molecules 
with which the ions likewise interact. The situation 
here is analogous to that of two magnetic poles toward 
which an armature is brought. As the armature ap- 
proaches the poles, the force between the armature and 
the poles increases, while that between the two magnetic 
poles decreases. If the solvent molecules are small and 
have a large dipole moment, their interaction with 
small ions will be large and the interacting force between 
the ions will be correspondingly small. Thus, it may 
happen that the action between two large ions is greater 
than that acting between two small ions. In this way, 
one may account for the greater association of the 
halides of large quaternary ammonium ions in water as, 
also, the greater association of iodides with respect to 
that of bromides and chlorides. - 

It needs to be emphasized that, while the interaction 
between ions at long range may be accounted for on the 
basis of a macroscopic dielectric constant, this cannot be 
so done when the ions are at short range. In this lat- 
ter case, the specific constitutional factors of solvent 
molecules, as well as of ions, play a predominant role. 

The effect of small amounts of non-electrolytes on the 
conductance of fused salts throws some light on the role 
of the non-electrolytes in the association of ions. The 
viscosity of fused salts below 100°C. is high and, on 
adding a non-electrolyte of much lower viscosity, the 
conductance increases. To get some idea of the degree 
of association of the electrolyte, we are forced to rely 
on the conductance-viscosity product. Unfortunately, 
there are only a few instances in which we have data for 
systems in which non-electrelytes have been added to 
fused salts. 

In brief, we may say that, if the added non-elect rolyte 
has a very high dielectric constant, ion association will 
not take place when it is added to the fused salt. If the 
added substance has an intermediate dielectric constant, 
ion association sets in with the initial addition and the 
association process continues until the minimum in the 
value of Ay is reached. On adding a substance o! very 
low dielectric constant, ion association sets in 21d in- 
creases greatly with increasing concentration «i! the 
additive; the association process continues until the 
conductance minimum is reached at a relatively low con- 
centration. 

We have no data for the conductance and visco=ity of 
fused salts on addition of water, but we have suc!: data 
for potassium formate in this solvent at 50.5° up toa 
concentration of 15.5 N, where there are only 1.+ mole- 
cules of water per molecule of salt (25). The limiting 
value of the conductance-viscosity product in «dilute 
solution, Agn, is 1.024. At a concentration ol 3.N 
(16 H,O/m. salt), An = 0.742; at 7 N (5.5 H;0), Aq 
passes through a minimum value of 0.683; at 10.9 N 
(1.4 HO), An = 0.781. Above a concentration of 1.0 
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N, there is no great change in the value of An; the in- 
crease above the minimum may well be due to an in- 
crease in the mobility of the formate ion as a result of 
decreasing hydration. 

As was pointed out in an earlier section, when butanol 
(D = 10) is added to fused Bu,NPi at 91°, the value of 
An falls off to about 20% that of the fused (14) salt at a 
concentration of 0.083 N. So, also, when bromine 
(D = 3.09) is added to a fused bromine complex of 
(CH;); NHBr at 25°, the value of Ay falls off to a very 
small fraction of that of the fused salt (15) as the con- 
centration of bromine increases. 

It seems that the association of a fused salt, at a 
given ratio of solvent to salt, is the greater the smaller 
the dielectric constant of the added non-electrolyte. 
But it has no meaning to speak of the dielectric con- 
stant of a solvent in a solution when the number of ions 
iscomparable to that of solvent molecules. The govern- 
ing factor in the association process is not the dielectric 
constant of the additive; rather, it is the dipole mo- 
ment, polarizability, and size of the molecules of the 
non-electrolyte. The interaction between the ions and 
the solvent molecules will be the greater the smaller the 
molecules and the greater their dipole moment. The 
greater the interaction of the ions with the solvent di- 
poles, the smaller will be the interaction of the ions with 
each other. There is need for further investigation in 
this area of the electrolyte problem. 


Ions and the State of the Solvent; Negative Viscosity 
Effect 


With the exception of water and glycerol, the vis- 
cosities of electrolyte solutions are greater than those of 
the pure solvents. In general, the viscosities are the 
greater the larger the ions and they are greater in non- 
aqueous solvents than in water. This may, in part, be 
due to ion association. Thus, the viscosity of a 1 N 
solution of potassium formate in water at 50.5° is 9% 
greater than that of water and that of KI in liquid am- 
monia at —33° is 40% greater than that of the solvent. 
The viscosity of a 1 N solution of 7-Am,NSCN in ben- 
zene at 25° is 9 times that of the solvent. Here, the 
high viscosity is in large measure due to the large poly- 
ionic aggregates that are formed by the salt in benzene. 

On the whole, the viscosities of salt solutions in water 
are relatively small. But what characterizes the vis- 
cosity of aqueous solutions is the fact that while the vis- 
cosities of some solutions are greater than that of water, 
of others they are smaller. These so-called negative 
viscosities are specific effects of the ions. Thus, the vis- 
cosity decrease is greater as we go frem chloride to iodide 
and from lithium to potassium ions. In water at 25°, 
at a concentration of 1 N, the viscosities of KCl and KI 
are, respectively, 0.987 and 0.93. Under the same con- 
ditions, the viscosities of LiCl, NaCl, and KCI are, 
respectively, 1.142, 1.097, and 0.987. The negative 
viscosity effects increase markedly with decreasing 
temperature and disappear at about 50°. It is difficult 
to escape the conclusion that the lowering of the vis- 
cosity is due to a change in the state of the solvent re- 
sulting from the presence of the ions. While negative 
viscosit v effects have been reported in glycerol, further 
data are not extensive. Indeed, data are not very ex- 
tensive for aqueous solutions. 

We have conductance (26) and viscosity (27) data for 
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Figure 7. Fluidity and Conductance Plots of KI in Water at 0°C. 
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KI in water at 0° from 2 X 10-* N to 5.66 N. As 
illustrating the paucity of data in this field, it may be 
noted that the conductance data go back 50 years and 
the viscosity data 80 years. These data, while not of 
the highest precision, nevertheless afford a rather ex- 
ceptional opportunity for determining the effect of vis- 
cosity on conductance. For the conductance in this 
case does not decrease continuously with increasing con- 
centration; it passes through a flat minimum followed 
by a flat maximum. 

While the conductance of an electrolyte at higher con- 
centrations cannot be predicted on a theoretical basis, 
observed conductance values are rather closely repro- 
duced over a considerable concentration range by the 
equation of Storch (28) which may be written: 


— = P (9) 


where n and D are empirical constants. 
solutions, n has a value close to 1.5. 

Let us now correct the conductance in direct propor- 
tion to the viscosity change, writing 


A’ = An/n 


where 1 is the viscosity of water at 0°,0.01797. Intro- 
ducing this corrected value of A into equation (9), we 
have 


For aqueous 


(CA’)" = — (10) 
and, taking logarithms: 
n log (CA’) = log C(Ao — A’) + log DAc*™ (11) 


If this equation holds and if the viscosity correction is 


valid, a plot of log C(Ayp — A’) versus log (CA’) should be 
linear with a slope equal ton. The value of D may then 
be obtained by means of equation (9). 

When such a plot is made for KI in water at 0°, it is 
found to be linear (29). The value of Ao is found by 
extrapolation of the dilute solutions. The constants of 
equation (10) are thus found to be: D = 2.62, Ag = 
81.12, and n = 1.51. 

Using these values for the constants, values of A’ may 


Ss 


be calculated in accordance with equation (10). Curve 
A of Figure 7 (29) shows A’ values as a function of log 
C. This curve represents the conductance of KI cor- 
rected for the fluidity change of the solution on the as- 
sumption that the mobility of the ions is proportional to 
the fluidity of the solution. If values of A’ are multi- 
plied by the value of the fluidity (curve C) at different 
concentrations, one obtains A, the uncorrected conduct- 
ance of KI, which may thus be compared with the 
measured values. The continuous curve B of the figure 
shows the results of such comparison; the circles repre- 
sent experimental conductance values. The calculated 
values are in agreement with the experimental ones 
within the limit of experimental error. They also re- 
produce the maximum and minimum of the experi- 
mental values. It appears that the viscosity effect may 
be allowed for if the viscosity of the solution is lower 
than that of water which, at 0°, is 0.01797. It should 
be pointed out that viscosity corrections, as made above 
for KI, are inapplicable in the case of electrolytes whose 
solutions are more viscous than water. 

A plot of An versus log C does not enable one to vis- 
ualize how An varies as a function of C. At the con- 
centrations 0.0, 1.20, and 5.7, the values of Ay are, 
respectively, 1.46, 1.07, and 0.89. The An versus C 
plot levels off at higher concentrations and might be 
approaching a limiting value of 0.7 or 0.8. These values 
are not too different from those for potassium formate in 
water at 50.5°. For this salt at concentrations of 0.0, 
1.0, and 5.0, the values of An are, respectively, 1.024, 
0.788, and 0.713. As we have aiready seen, the values 
of An for this salt pass through a flat minimum and 
thereafter increase somewhat; this occurs at a concen- 
tration greater than 5 N. It would seem that the fac- 
tors that govern the conductance decrease at low con- 
centrations weaken at high concentrations, and the con- 
ductance of the electrolyte is mainly governed by the 
viscosity of the soluticn. 

When we examine salts the viscosities of whose solu- 
tions are greater than that of water, such as LiCl, for 
example, we find that if we correct A in direct propor- 
tion to 1/7, the conductances are over-corrected. The 
effect of viscosity on conductance for salt solutions 
where 7 > no differs from that where 7 < no. 


IN CONCLUSION 


Essentially the electrolyte problem is that of account- 
ing for the properties of electrolyte solutions in terms of 
the interaction of ions with one another and with the 
solvent molecules. These interactions are not inde- 
pendent; they are competitive. As the interaction of 
the ions with the solvent molecules is stronger, that be- 
tween the ions is weaker. Save in the limiting case of 
dilute solutions, the properties of electrolyte solutions 
cannot be adequately accounted for in terms of macro- 
scopic concepts, such as dielectric constant and vis- 
cosity. 

In a dilute solution of a completely dissociated elec- 
trolyte, the interaction of an ion with its distributed 
counter charge may be successfully described in terms of 
the dielectric constant and viscosity of the solvent. The 
recent theory of Fuoss and Onsager reproduces experi- 
mental conductance values in water at 25° within the 
limit of experimental error up to about 0.01 NV. When, 
however, the frequency of close approach of one ion to 
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another becomes appreciable, the description wi! jo 
longer be quite accurate. To what extent the de- 
scription may be in error at any given higher conce) tra- 
tion we do not know; we do knew that at suffici: ntly 
high concentrations, the description fails completely. — 

As the interaction between the ions and solvent riole- 
cules becomes weaker, the interaction between th» ions 
becomes sufficiently strong to produce stable ion , irs: 
ion association occurs. On further weakening o: the 
interaction of the ions with solvent mclecules, the ions 
interact with ion pairs; triple ions are formed. \Vhey 
the interaction of ions with solvent molecules is very 
weak, as in a solvent of very low dielectric constani, the 
ion pairs interact to form quadrupoles and more complex 
charged and neutral polyionic structures. 

At lower concentrations, the equilibrium between ions 
and ion pairs conforms to the law of mass action; jon 
association increases with increasing concentration, 
However, in all cases, there is a concentration where the 
equilibrium reaction goes into reverse. Thereafter 
association decreases with increasing concentration until 
the completely dissociated fused electrolyte is reached. 
The concentration at which the equilibrium reaction 
goes into reverse has been established in only one case. 
However, there is ample evidence that goes to show that 
the phenomenon is a general one. 

When a solvent is added to a fused electrolyte, ion 
association does not occur if the interaction of ions with 
solvent molecules is large, that is, if the solvent mole- 
cules have a large dipole moment, and are not too large. 
When solvents of lower dielectric constant are added, 
ion association sets in and increases with decreasing con- 
centration of electrolytes. The lower the dielectric 
constant of the solvent, the greater is the association for 
a given addition. Association increases with increasing 
concentration of solvent until a concentration is reached 
where the equilibrium reaction reverses. 

The conductance of ions is in large measure depend- 
ent on their size and the viscosity of the medium 
through which they move. However, their motion is 
also influenced by other factors, particularly in the case 
of small ions. Here specific interactions between the 
ions and the solvent molecules affect their conductance 
significantly. Interaction between the ions and the sol- 
vent dipoles is involved. 

As stated above, the properties of electrolyte solutions 
are, in the main, determined by the interaction of the 
ions with one another and with the solvent mo!ecules. 
These interactions depend on the charge, size, stricture, 
and polarizability of the ions and on the size, structure, 
dipole moment, and polarizability of the solven' mole- 
cules. 
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Is most sciences soap bubbles and films have found 
wide application both in research and in the lecture 
room. Lecture table demonstrations include the 
explosion of mixtures of inflammable gases and oxygen 
in soap bubbles, the demonstration of surface tension 
phenomena and the floating of a soap bubble in a jar 
half filled with carbon dioxide to illustrate the relative 
density of this gas. Rafts of small bubbles on the sur- 
face of a soap solution have been used to simulate the 
behavior of metal crystals under stress. Bubbles have 
served xs thin-walled ionization chambers for studying 
the ionizing power of radioactive rays. The rate of 
flow ot gases through tubes has been determined by 
first passing the gas through a soap solution and then 
measuring the rate of advance of the single soap films 
through the tube. In all of these diverse uses and 
demonstrations the films and bubbles must have a 
reasonably long life. In this paper a soap is described 
from which can be made bubbles and films far more 
Persistent than those made from ordinary soaps. 
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LONG-LIVED SOAP BUBBLES 


- (3). 


The Use of Sodium 9,10-Dibromostea- 
rate Solutions 


A. L. KUEHNER 
Bishop's University, Lennoxville, Quebec, Canada 


Boys (1) and Lawrence (2) found that the most satis- 
factory solutions for long-lived bubbles were made by 
saponifying a highly purified oleic acid, their method of 
purification of the acid being a long and tedious oper- 


ation. It seemed, therefore, worthwhile to search for 
a soap other than highly purified sodium oleate which 
would form films of equal or better stability. 

There can be little doubt that a soap film is made up 
of a sandwich of solution between two adsorbed layers 
If the soap solution is free from excess alkali, so 
that hydrolysis may occur, the surface monolayers 
consist of either acid soap (4) or molecules of free acid 
(5,6). It would be reasonable to suppose that the sur- 
face monolayers on soap films exposed to the air and 
subject to the action of carbon dioxide would consist 
entirely of fatty acid molecules. Once this assumption 
is made the problem is to find a fatty acid having bulk 
and surface properties similar to those of oleic acid. 
Such an acid is 9,10-dibromostearic acid. When 
purified this acid has a melting point of 28.5°-29°C. 
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though, as ordinarily prepared, it is a liquid at room 
temperature. The viscosity of the acid is greater than 
that of oleic acid and a monomolecular layer also shows 
a high surface viscosity. This high surface viscosity 
should increase the stability of soap films made from 
sodium 9,10-dibromostearate solutions by decreasing 
the rate of drainage (7). 

Experiment has shown that bubbles made from the 
dibromo soap are superior to those made from sodium 
oleate. Bubbles, 20 cm. in diameter, made from a 4% 
solution of sodium 9,10-dibromostearate, containing an 
equal volume of glycerol, had the astonishing average 
life of 102 minutes in the open air, the longest-lived 
bubble lasting for 152 minutes. By comparison, 20-cm. 
diameter bubbles blown from a 3% solution of purified 
sodium oleate, also containing an equal volume of 
glycerol, had an average life of only 36 minutes. The 
sodium oleate was made from the same purified oleic 
acid that was used to prepare the 9,10-dibromostearic 
acid and its sodium salt. A 4% solution of the dibromo 
soap was compared to a 3% sodium oleate solution so 
as to have approximately equal molar concentrations 
of soap in each case. 

In this work the relative stability of bubbles was 
determined by pouring soap solution, containing an 
equal volume of glycerol, into a 10-cm. diameter Petri 
dish and blowing a bubble 20 cm. in diameter, allowing 
it to rest on the rim of the dish. The bubbles were not 
protected in any way. The lifetime of the bubble was 
recorded as the average of the life of ten or more in- 
dividual bubbles. 

In bubbles made with sodium 9,10-dibromostearate 
solutions the surface monolayers seem to be in equilib- 
rium with the solution in the interior of the film since 
a few moments after being blown the buubles no longer 
show any turbulent motion of interference colors. 
That the film is still liquid is evider:ed by the slow 
appearance of horizontal concentric rings of inter- 
ference colors at the bottom of the bubble. 

Very interesting bubbles consisting entirely of black 
film, a film which is too thin to give colors by inter- 
ference, may be made using the sodium 9,10-dibromo- 
stearate solution. A layer of water to maintain a high 
humidity is placed in the bottom of a large jar and a 
Petri dish containing the soap solution is mounted above 
the water. A bubble which rests on the rim of the dish 
is then blown inside the jar and the jar covered. After 
several days of drainage a circular patch of black film 
appears at the top of the bubble. This gradually 
increases in size until the entire bubble is black. When 
completely drained, the thickness of the bubble film 
approximates the thickness of the two surface mono- 
layers. There is a large variation in the life of such 
protected bubbles since, being so thin, they are very 
fragile. Nevertheless, one such bubble lasted for 48 
days. 


Purification of Oleic Acid 


A modified Emersol process (8) was found to be most effective. 
200 g. of oleic acid (Fisher’s low in linoleic acid) was dissolved in 
a mixture of 800 ml. acetone and 80 ml. distilled water. This 
solution was chilled to —20°C. for eight hours by placing it in 
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the freezing compartment of any ordinary refrigerator. From 
time to time the flask containing the solution was shaken to 
hasten crystallization. The precipitated solid acids were then 
removed by suction filtration through a Buchner funnel which 
had been cooled to —20°C. To recover the oleic acid the filtr:te 
was poured into distilled water and the oleic acid layer separated, 
This was washed several times with hot distilled water. After 
the final separation the remaining acetone and water in the o/cic 
acid were swept out with a stream of carbon dioxide from a cyl- 
inder of compressed gas, the acid being kept warm during the 
sweeping. Ten grams of solid acids and 182 g. of purified oleic 
acid were recovered. 


Preparation of 9,10-Dibromostearic Acid 


Purified oleic acid (28.2 g.) was placed in a beaker cooled 
in a mixture of ice and salt. By means of a fine-tipped dropper, 
16 g. of bromine was then added at such a rate that the tempera- 
ture did not exceed 0°C. During the addition of the bromine the 
contents of the beaker were stirred vigorously with a motor-driven 
stirrer. The last few drops of bromine added reacted quite slowly 
indicating saturation of the oleic acid. The dibromo acid was 
then dissolved in a mixture of 80 ml. acetone and 5 ml. of distilled 
water and chilled to —20°C. for six hours. A further small 
amount of solid acids crystallized which was removed by filtration. 
The acetone solution was then poured into hot distilled water 
and the heavy dibromo acid was separated and washed twice with 
hot distilled water. After the final separation the acid was 
warmed and swept free of acetone and water with a stream of 
carbon dioxide, and 41.2 g. of 9,10-dibromostearic acid was ob- 
tained. 

During all of these operations great’ care was taken to avoid 
contamination with grease. All equipment was washed with 
acetone before use. No stopcock grease was used to lubricate 
the stoppers of the separatory funnel. 


Preparation of Sodiurr 9,10-Dibromostearate Solution 


Twenty grams of 9,10-dibromostearic acid and 470 ml. of dis- 
tilled water were placed in a beaker equipped with an efficient 
stirring device. To follow the course of the saponification the 
electrodes from a pH meter were immersed in the solution. So- 
dium hydroxide solution was added slowly until nearly all of the 
acid had reacted and dissolved. The solution was then allowed 
to stand for a day to permit the small amount of unreacted acid 
to become thoroughly dispersed. The addition of sodium hydrox- 
ide was then continued at a very slow rate until the solution 
became clear. This occurs at a pH of 10-10.1. Addition of ex- 
cess alkali at this point is fatal, presumably because excess alkali 
represses the hydrolysis of the soap so that, in bubbles formed 
from the solution, the formation of the surface monolayers of 
free acid is interfered with. Just before use one volume of glycerol 
is added to an equal volume of soap solution. Under conditions 
of very low humidity the ratio of glycerol to soap solution may 
be increased. 

Sodium oleate solution is prepared in the same way, the solu- 
tion becoming clear at pH 9.9-10. If the solutions do not become 
clear, inefficient removal of saturated fatty acids is indicated. 


LITERATURE CITED 


(1) Boys, C. V., ‘Soap Bubbles, Their Colours and the Forces 
Which Mold Them,’’ The Macmillan Company, New York, 
1924. 

(2) Lawrence, A. S. C., “Soap Films,’’ G. Bell and Sons, Ltd., 
London, 1929. 

(3) Fouk, C. W., Ind. Eng. Chem., 21, 815 (1929). 

(4) Larne, M. E., J. W. McBain, anp E. W. Harrison. ‘6th 
Colloid Symposium Monograph,’’ Chemical Catalog Com- 
pany, New York, 1928, p. 63. 

(5) Nurrine, G. C., F. A. Lone, anp W. D. Harkins, J. Am. 
Chem. Soc., 62, 1503 (1940). 

(6) Nurrine, G. C., anp F. A. Lone, J. Am. Chem. Soc., 63, 34 
(1941). 

(7) Camp, M., anv K. Durnam, J. Phys. Chem., 59, 993 (1')55). 

(8) Ind. Eng. Chem., 39, 126 (1947). 


+ 


JOURNAL OF CHEMICAL EDUCATION 


| int 

| ma 

rec 
Ky, 

| We 

| 

Ap 
The 

lark 

Der 

a Los 
| 

| Phy 

338 


Fr om 
laken to 
ere then 
el which 
e filtrate 
parated, 
r. After 
the oleic 
m a cyl- 
the 
fied oleic 


r cooled 
dropper, 
tempera- 
mine the 
or-driven 
te slowly 
acid was 
distilled 
small 
iltration. 
ed water 
wice with 
acid was 
itream of 
| was ob- 


to avoid 
hed with 
lubricate 


tion 


il. of dis- 
efficient 
ation the 
tion. So- 
all of the 
n allowed 
cted acid 
n hydrox- 
solution 
ion of ex- 
ess alkali 
formed 
layers of 
f glycerol 
onditions 
tion may 


the solu- 


yt become 
cated. 


he Forces 
few York, 


ons, Ltd., 
son, “6th 
log Com- 
s, J. Am. 
63, 84 


93 (1955). 


TEXTBOOK ERRORS: 


Tue solubility product principle is commonly pre- 
sented in elementary analytical chemistry courses in 
connection with the precipitation processes which 
form the basis of the systematic division of the ions 
into groups. Unfortunately, a comparison of text- 
books? reveals the great diversity and frequent incon- 
sistency of the numerical K,, values reported for 
many compounds, particularly the metallic sulfides. 
The “textbooks” data given in Table 1 demonstrate 
the discrepancies existing among some of the values 
which are reported in the literature and quoted in 
the textbooks and also afford a comparison with the 
recommended “thermodynamic” values. 

Much of the textbook data on the solubilities and 
K,, values of the metallic sulfides can be traced to 
investigations made fifty years ago. The results of 
Weigel (32), and of Bruner and Zawadski (4, 5) are 
most frequently quoted, either directly or through 
the recalculation of these data made by Kolthoff 
(17). A comprehensive discussion of the solubility 
problem is beyond the scope of this paper.* We 
will consider here only those investigations which 
deal directly with sulfides and their solubility product 
constants. 

As originally given by Nernst (24), the solubility 
product principle states that for a saturated solution 
of a difficultly soluble salt, B,,.A,, which ionizes com- 
pletely 


= m BY + nA™ (1) 


Application of the law of mass action yields the ex- 
pression 


(B*")™(A-")" = constant (K)sp (2) 


Using this relation, the solubility product constant, 
Ky, is caleulated by using the ionic concentrations 


‘Suggestions of material suitable for this column and guest 
columns suitable for publication directly are eagerly solicited. 
They should be sent with as many details as possible, and particu- 
larly with references to modern textbooks, to Karol J. Mysels, 
Department of Chemistry, University of Southern California, 
Los Anyeles 7, California. 

* Since the purpose of this column is to prevent the spread and 
Continu:tion of errors and not the evaluation of individual texts, 
the source of errors discussed will not be cited. The error must 
occur in at least two independent standard books to be presented. 

*See, for example, Harnep, H. S., anv B. B. Owen, “The 
Physica | Chemistry of Electrolytic Solutions,’’ 2nd ed., Reinhold 
Publishing Corp., New York, 1950, or Gurney, R. W., “Ionic 
a in Solution,’’ McGraw-Hill Book Co., Inc., New York, 
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in moles per liter as derived from the molar solubility 
of the salt. Subsequently work on solutions of electro- 
lytes has shown that a more accurate expression re- 
sults from using the ionic activities. In spite of this 
limitation, the simple solubility product concept, 
with ionic concentrations, has proved of great value 
in analytical chemistry. 

The solubility of substances can be investigated 
by either direct or indirect experimental methods. 
For substances of moderate solubility the direct method 
is generally applicable. For difficultly soluble sub- 
stances, however, indirect methods based on the 
measurement of some property of the saturated so- 
lution, followed by calculation according to some 
empirical or theoretical formula, are employed. Ar- 
bitrarily, these indirect methods will be treated here 
under five headings: (a) conductance, (6) poten- 
tiometric, (c) optical, (d) equilibrium, and (e) ther- 
modynamic. 


CONDUCTANCE METHOD 


This involves the measurement of the electrical 
conductivity of the solution obtained by keeping the 
salt in contact with water at constant temperature 
until equilibrium is reached. The salt concentration 
corresponding to the measured conductance is cal- 
culated from the relation 


1000 k (3) 


where c is the salt concentration in gram equivalents 
per liter, k is the specific conductance of the saturated 
solution, and A is the equivalent conductance at the 
given concentration. Provided the solution is very 
dilute, A may be assumed to equal Ao, the equivalent 
conductance at infinite dilution, which is obtained 
as the sum of the ionic conductances. Alternately, 


an expression of the general form 


Ao =A+MvVc (4) 


may be used to relate the conductance and the con- 
centration. In this equation, M is an empirical con- 
stant characteristic of the system, and the other sym- 
bols have the same significance as before. 

Among the possible sources of error peculiar to this 
method are: the conductance of the water itself, the 
uncertainty as to the nature of the ions involved, 
the extent of hydrolysis of the salts in such dilute 
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The Solubility Product Constants and Free Energies of 
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Formation for Metallic Sulfides at 25°C. 
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solutions, the presence of slightly more solublk o, 
strongly adsorbed impurities which contribute «lso 
to the conductivity of the equilibrium liquid, and the 
values employed for Ag and/or M in calculating the 
equilibrium salt concentrations. 

The conductance method was employed by Bot ‘ger 
(3), Jellinek and Czerwinski (1/1), and Weigel | 32), 
in their investigations. 


POTENTIOMETRIC METHODS 


Included under this heading are all of the mettiods 
involving e.m.f. measurements. Usually this in- 
volves measuring the effective concentration (the 
activity) of one of the ions by means of a reversible 
electrode. The electrode M/MA(solid), NaA  (so- 
lution), is set up and its potential measured by com- 
bining it with a reference electrode. For an electrode 
we can write (in terms of oxidation potentials) 


RT 
E=E nF In am (5 


where E and E°® are the electrode and standard 
electrode potentials respectively, R is the gas contant, 
T-is the absolute temperature, n is the number of 
electrons involved, § is the faraday equivalent, and 
a is the activity. If the standard potential of the 
metal is known, the activity of the M* ions in the 
solution saturated with MA can be calculated. From 
the known concentration of the NaA solution the 
approximate activity of the A~ ions can be obtained 
by assuming it to be equal to the mean activity of 
the electrolyte. The product of the activities of the 
ions M+ and A~ then gives the solubility product of 
MA. Where the potential measurements are carried 
out in dilute solutions, the activity is assumed to equal 
the concentration. 

The most obvious sources of errors in this type of 
measurement are the assumptions made regarding 
the relation between the ionic concentrations and the 
activities, the magnitude of the junction potential 
in the cell, and the actual degree of reversibility of the 
electrodes employed. 

Potentiometric data were employed by Bernfeld 
(1), Bruner and Zawadski (4, 5), Immerwahr (/0), 
Jellinek and Czerwinski (1/1), Jellinek and Gordon 
(12), Knox (15, 16), Lucas (21), and Trumpler (30), 
in their investigations. 


OPTICAL METHOD 


Biltz (2) utilized this method to determine the 
solubility of several metallic sulfides. The deiermt 
nation involves mixing dilute metal salt solution with 
equimolar sodium or potassium sulfide solution and 
observing by means of an ultramicroscope the ‘etal 
ion concentrations at which the particles of the svilides 
can no longer be detected. 

Supersaturation of the solutions would delay the 
appearance of precipitated particles and thus ‘:tro- 
duce an appreciable error. A more serious error would 
result from the visual limit of the microscope itself: 
i.e., the size and number of particles which mu~t be 
present to be seen. 


EQUILIBRIUM METHODS 
These involve the determination of the solu)ility 
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olubl. op MM of the sulfide under conditions of known acidity and able thermodynamic data for inorganic compounds 
yute also | known HS concentration. The concentration of and recommended certain self-consistent values. 
, and the (dissolved cation can be determined by any convenient Kury, Zielen, and Latimer (/9) have measured the 
ating the MM method, including direct chemical analysis and heat of neutralization of HS calorimetrically. Uti- 
electrodeposition, as well as those methods previously lizing the value for the second dissociation constant 

r Botiger mentioned. The sulfide ion concentration is then of HS obtained by Konopik and Leberl (/8), they 
igel (32). evaluated from the ionization of hydrosulfuric acid have calculated the standard free energy of formation 
by means of the relations of the sulfide ion to be 20.6 + 0.2 keal. at 25°C. This 

H.S = H+ + HS- (6) value agrees well with the figure 20.64 kcal. obtained 

5 by Goates, Gordon, and Faux (9). 

7 The “thermodynamic” solubility product constant 
methods Ky (HLS) (7) _ the ermodynamic’ solubility product constants 
this in- ~it og a given in Table 1 were calculated by means of equation 
ion (the HS- = H*+S8 (8) (11) in an attempt to obtain more reliable values 
eversible 2s (H+)(S-~) (9) than have been available previously. 
aA (s0- (HS~) The free energy of formation data used in these 


by com- 
electrode 


(5) 


If the ionization (dissociation) constants, K, and Ko, 
are known, combination of expressions (7) and (9) 
permits the calculation of (S~~) for solutions of 
known hydrogen ion concentration. Experimentally, 
the ionization constants are evaluated from conduct- 
ance data or from thermodynamic data obtained from 


calculations are presented in Tables 1 and 2 and their 
sources cited. A value of 20.6 kcal. for the AF° of 
the sulfide ion was used in all cases. 

It is important to note that the values given in 
Table 1 are theoretically applicable only to solutions 
of the individual sulfides. In dealing with solutions 
containing mixtures of electrolytes, the total ionic 


standard neutralization reaction measurements. 
contant. In solution HS is fairly easily oxidized. As an strength of the solution and the activities of all the 
imber of acid in aqueous solution, H.S is weak and its salts seme. Quemant, including those not common to the sul- 
ent, and hydrolyze extensively. These factors, in addition fides involved, must be considered. 
1 of the to those previously cited, can cause appreciable errors In several instances, K,, values are reported for 
s in the ~dieesiation date. several forms of the same compound. This was done, 
a™ Among the investigators who utilized the equi- where the data were available, in recognition of the 
tion the librium method in determining the solubility product fact that where a compound does =“ m= several 
obtained constants of sulfides are Bruner and Zawadski (4, modifications only one of these is commonly precipi- 
tivity of 5), Knox (16, 16), Lucas (21), Moser and Behr (23), tated from aqueous solution. Such precipitated modi- 
»s of the Thiel and Gessner (28), and Wilkinson (33). fications are not necessarily the most stable, and aging 
oduct of generally decreases their solubilities. 
> carried THERMODYNAMIC METHOD 
to equal The evaluation of solubility product constants by TABLE 2 

means of thermodynamic data has been neglected by Free Energies of Formation of Aquated Ions* 
type of most authors of qualitative analysis textbooks al- (kcal. /mole at 25°C.) 
egarding though much recent data are readily available. Con- Bedetanee AF? PA 
and the sidering that such data are generally more reliable re Na*? 
potential than those obtained by methods which involve the i Ss 


ty of the 


Bernfeld 
hr (10), 

Gordon 
ler (30), 


line the 
det ermi- 
ons with 
ons and 
inetal 
sulfides 


direct examination of extremely dilute solutions, 
this neglect is unfortunate. The calculation depends 
upon the equation 


AF® = —RT In Ky (10) 


where AF° is standard free energy for the reaction 
as given in equation (1) above and the other symbols 
have the same significance as before. Substitution 
into equation (10) of the appropriate numerical values 
for R and T and conversion to common logarithms 
leads to the equation 


AF°(keal.) = —1.3643 log Ksp (11) 
for reactions at 25°C. The numerical value of AF° 


is equal to the sum of the free energies of formation of 
the rection products, less the sum of the free energies 


@ From ref. (26) unless otherwise noted. 


Considerable confusion on the part of the students 
has often resulted when their calculations did not 
agree with their observations of solubilities in the 
laboratory. This may stem from using solubility 
figures of questionable accuracy as was discussed by 
Treadwell and Hall (29) in connection with ZnS. 


ajay the of formation of the reactants, all substances being 

is intro- taken at unit activity. Free energy of formation 

yr would data «re readily available in the literature. 

e itself; Goxtes, et al. (7, 8, 9), Kapustinsky (13), Latimer 

must be (20), ond Ravitz (25), have employed the thermody- 
namic approach in calculations involving sulfides. 


PROFOSED VALUES 
Rossini, et al. (26), have summarized the avail- 


It can also come from the formation of complex ions 
such as those resulting from hydrolytic reactions as 
discussed by Van Rysselberghe and Gropp (31). Or 
it may come from a variation in the nature of the 
solution so that the classical K,, concept has to be 
modified as proposed, for example, by Denbigh (6). 
Frequently, however, the simple use of consistent 
and more accurate values such as those given above 


olubility should help to alleviate such difficulties. 
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| 
Cut* 15.53 Pb** 5.8! 
Ag+ 18.43 Bi*? 15. 
ad — 35.184 Mn*+ — 53.4 
Ca*+ — 18.58 Fe** — 20.30 
Hg.*+ 36.79 Fe+ — 2.52 
Hg** 39.38 Cot+  — 12.3 
Tit — 7.755 Co 29.6 
La** —172.9 Ni*+* - 
Cet —170.5 54.8 (20) 
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SUBSTITUENT EFFECTS ON THE BENZENE RING 


Excepr for the halogens, substituents on the benzene 
ring which are ortho-, para-orienting increase the rate 
of substitution in the ring.” This statement is made 
in every course in organic chemistry and is usually sup- 
ported by many examples on the blackboard and by 
kinetic data on slides or in textbook illustrations. No 
lecture demonstration appears to have been published 
to illustrate this important area of aromatic chemistry. 

To be sure, we have frequently shown the mixing of 
bromine with benzene in the classroom as an illustration 
of the non-existence of simple isolated double bonds in 
benzene because the bromine color remains unaltered. 
However, the subsequent step of placing the mixture 
in the sunlight and observing the decolorization prob- 
ably leaves too great an impression on the student’s 


1 National Science Foundation Science Faculty Fellow, Cali- 
fornia Institute of Technology, 1957. Contribution No. 2279 
from the Gates and Crellin Laboratories, Pasadena 4, California. 
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mind, if lecture experiments involving substitution in 
the ring are not also shown. Addition to the ring, 
which occurs with bromine and benzene in sunlight, 
could certainly be classified as atypical in aromatic 
chemistry. 

Several visually helpful reactions in the field o! aro- 
matic substitution were noted during an investig:tion 
of chlorination of hydrocarbons when methylene chio- 
ride was used as the solvent. The most interesting ef- 
fect, activation by several methyl groups on the ring, is 
not rapid enough to be visually useful in bromin::tion 
in petroleum ether, methylene chloride, carbon 1:tra- 
chloride, or acetic acid, or chlorination in carbon t«tra- 
chloride. Chlorine in acetic acid is somewhat too 'eac- 
tive for good differentiation. Lecture demonstr:itions 
should include the obvious and the more subtle. Such 
variations are easily possible with a chlorine tesi rea- 
gent prepared by passing chlorine from a lecture cylin- 
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der into methylene chloride until a yellow solution is 
obtained. Test tubes of a size large enough to be visible 
in the lecture room may then be partially filled with the 
test solution placed in plastic or other non-obscuring 
rack, and dropping bottles of the aromatic compounds 
lined up behind them. Admittedly, the discharge of 
color of a chlorine solution is not dramatically visible for 
avery large class, but the effects described below should 
be quite apparent to a group of fifty—especially if a 
large white card is placed behind the test tube rack. 

Difference in Activation between —R, —X, and —CO.H 
Groups and —OH, —OR, and —NR, Groups. An 
amount (dependent upon the size of the test tubes and 
the concentration of the chlorine test reagent) of ben- 
zene, toluene, chlorobenzene, phenol (in CH:Cl, solu- 
tion), anisole, N,N-dimethylaniline, and benzoic acid 
(in CHCl.) is added to the respective test tube in 
front of the reagent bottle. Immediate decolorization 
is observed in the tubes containing the phenol, anisole, 
and dimethylaniline, because of the very great activa- 
tion of the ring by electron donating groups in these 
compounds. (Aniline will form brown oxidized prod- 
ucts.) 

Effect of Catalyst. The preceding experiment indi- 
cated the groups which are powerfully activating. By 
shaking an equal volume of concentrated sulfuric acid 
with chlorine-methylene chloride solutions containing a 
small amount of benzene, toluene, and o- or p-xylene the 
instructor can show that the methyl group is a weakly 
activating substituent: the top layer of the mixture 
slowly decolorizes in the case of toluene, whereas no 
reaction occurs with benzene. Gjlass-stoppered bottles 
or cylindrical separatory funnels should be used. Cau- 
tion should be exercised on releasing pressure to avoid 
sulfuric acid spatters because of the heat of the reaction 
and the low boiling point of methylene chloride. The 
more rapid decolorization of the top layer in the o-xy- 
lene or p-xylene bottle is indicative of the inductive and 
resonance effects of the additional methyl group. ; 

Reinforcement of Activation by Weakly Activating 
Groups. Ortho-, meta- and para-xylene, t-butylben- 
zene, mesitylene, and m-dichlorobenzene are added to 
test tubes containing the chlorine test solution. Imme- 
diate decolorization occurs with mesitylene and rapid 
loss of color takes place with m-xylene.. (m-Xylene re- 
quires from two to six minutes in the concentrations we 
have used.) No change is observed with the other 
compounds. Thus, only when two or more methyl 
groups are activating the same position does quick reac- 
tion take place. The general inductive effect of one 
more methyl group than toluene, as is the case in o0- 
and p-xylene, is much less effective than the resonance 
combined with the inductive effect shown in m-xylene. 
m-Dichlorobenzene is included in this series to prove 
to the thorough doubter that the mere location of 


groups meta to each other on the ring is not the cause 
of easy substitution. Tertiary butylbenzene is used 
to show that multiple methyl groups do not exert their 
effect through a saturated carbon (cf. mesitylene with 
the same number of methyl groups in the molecule). 
1,2,4-Trimethylbenzene, 1,2,3-trimethylbenzene and 
more highly methylated benzenes react readily in this 
test, of course. 

Deactivating Effect of the Halogens and the Nitro Group. 
4-Chloro-1,3-dimethylbenzene (prepared from 2,4- 
dimethylaniline by the diazotization process) is added 
to the chlorine solution. No decolorization occurs as 
compared with the quick reaction of chlorine with 
unsubstituted m-xylene. Here the deactivating in- 
fluence of the halogens is evident. However, in bro- 
momesitylene decolorization can be observed over a 
five to fifteen minute period; three methyl groups are 
able to overcome the deactivation by the bromine. 
The more powerful deactivating influence of the nitro 
group can be shown by testing nitromesitylene (color- 
less in CH-Cl, solution) with the chlorine reagent. 
No decolorization occurs in the class hour. The same 
effects of halogen and nitro groups can be shown in 
more readily available compounds: anisole (immediate 
decolorization), p-chloroanisole (five to ten minutes 
for decolorization), and p-nitroanisole (no decoloriza- 
tion). 

Thus, in a series of simple experiments it can be vis- 
ually demonstrated that —OH,—OR, and —NR; power- 
fully activate the benzene ring. Methyl groups activate 
to a much lower degree; a catalyst was necessary to 
chlorinate toluene. Such activation effects can be seen 
to be cumulative especially when two or more methyl 
groups are meta to each other. (The application to 
qualitative analysis in distinguishing between m-xylene 
and o- and p-xylene is obvious, albeit of minor interest 
here.) In addition, by this simple technique the halo- 
gens can be shown to be deactivating and the nitro 
group even more powerfully deactivating toward sub- 
stitution of chlorine in the benzene ring. 


Nores: The experiments are visually more effective 
if a concentrated solution of chlorine in methylene 
chloride is used, but there are some difficulties when 
this is done. Several milliliters of each reagent must 
be used; rather large amounts of hydrogen chloride 
are boiled out of the anisole and phenol test solutions. 
As with all lecture demonstrations, the procedure de- 
scribed should be checked prior to the lecture. 

The chlorine-methylene chloride solution is stable 
for at least. a week in the dark but reacts to yield poly- 
chloromethanes in sunlight. The experiments should 
not be run in sunshine because of the possibility of 
non-uniform exposure of the tubes to radiation and 
consequent confusing results. 


CHEMIKER-ANEKDOTI° -R. B. WOODWARD 


At THE Munich (1955) meeting of the Gesellschaft deutscher Chemiker, Woodward roamed the 
halls carrying a big notebook in a blue silk cover on which was embroidered the structural formula 
of strychnine. The next day he appeared bearing a cover innocent of any embroidery. Asked a 
friend, ‘Why no structural formula?’ Quipped Woodward, ‘Oh, I’m traveling incognito today.’’ 


(See p. 323) 
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POLYMERIZATION OF ETHYLENE AT 
ATMOSPHERIC PRESSURE 


In rue following, a simple experiment on the poly- 
merization of ethylene at atmospheric pressure is 
described using a “Ziegler” type catalyst prepared 
from amyl] lithium and titanium tetrachloride. The 
experiment can be used for discussion on the new 
type of heterogeneous, stereospecific catalysts and on 
the polymerization of ethylene or a-olefins to isotactic 
polymers at low pressure; and as a part of an advanced 
laboratory course in polymerization reactions. 

Ziegler' discovered that ethylene can be polymerized 
at low pressure using mixed organometallic catalysts. 
In his publications, most of them patents, he pointed 
out that such catalysts could be prepared by the inter- 
action of metal alkyls of elements of Groups I, II, 
III of the periodic table with halides of the sub groups 
of the fourth to the sixth group. He suggested that 
these catalysts owe their special activity to the fact 
that they contain transition metal, e.g., titanium in a 
lower valency state, while the second component of 
the catalyst, the metal alkyl present, acts as reducing 
agent. The fact that these catalysts ought to be 
bimetallic has been confirmed by the work of Natta? 
who showed that a catalyst containing one metal 
derivative alone did not cause polymerization of 
ethylene. 

The mixed organometallic types of catalysts have 
been shown to polymerize also other a-olefins* and 
to be stereospecific. 

The polyethylene produced in this type of poly- 
merization is different in many important properties 
from that produced at high pressures and tempera- 
tures. Contrary to the latter, it is essentially linear 
in structure as determined by I.R. spectra, its melting 
point is about 20°—30° higher, and it possesses a higher 
degree of crystallinity, as seen from X-ray diffraction 
patterns. These properties have made low pressure 
polyethylene a special type of plastic material having 
many important differences in technological prop- 
erties as compared with high pressure polyethylene. 

One of the earliest publications of Ziegler‘ on the 


preparation and use of such organometallic catalysts. 


Zrecter, K., E. Houzkamp, H. Breit, anp H. Martin, 
Angew. Chem., 67, 426 (1955); Angew. Chem., 67, 541 (1955). 

2 Narra, G., P. Pino, G. Mazzanti, AND U. GIANNINI, J. Am. 
Chem. Soc., 79, 2975 (1957). 

3 Narta, G., Angew. Chem., 68, 393 (1956). 

4 ZrecuterR, K., anp H. Martin, Makromol. Chem., 18, 186 
(1956). 
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Type Catalyst 
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for the polymerization of ethylene at atmospheric 
pressure was devoted to the suggestion of a lecture 
experiment in which it was intended to demonstrate 
the polymerization of ethylene using the special cat- 
alyst prepared from aluminum diethyl chloride and 
titanium tetrachloride. However, the preparation 
of such aluminum alkyls is experimentally difficult 
and hazardous owing to its tendency to self ignition. 

The experiment described here is safe and can easily 
be carried out without special apparatus requirements 
and there is no danger of spontaneous ignition. 


EXPERIMENTAL 


Preparation of Amyl Lithium. In a 250-ml. three- 
necked flask fitted with an adapter (for passing through 
nitrogen), a dropping funnel, and a mechanical stirrer, 
are placed 3 g. lithium wire and 50 ml. petroleum 
ether c.p., b.p. 60°-80°, previously boiled under 
nitrogen for several minutes to expel dissolved air. 
Two milliliters of a solution of 20.7-ml. amyl chloride 
dissolved in 25 ml. petroleum ether is added, and the 
reaction mixture is stirred at high speed until the 
reaction starts as indicated by the formation of tur- 
bidity owing to the lithium chloride formed; the rest 
of the amyl chloride solution is then added during 
20 minutes under outside cooling in an ice-salt mixture. 
The reaction mixture assumes a brownish-blue color. 
It is stirred for another 2'/. hours and then filtered 
under nitrogen through a funnel containing a plug of 
glass wool into a graduated flask previously flushed 
with nitrogen. The filtration removes the unreacted 
lithium, but lithium chloride passes through; it «oes 
not interfere with the polymerization. The solution 
is allowed to settle and an aliquot portion is taken 
from the supernatant liquid, hydrolyzed in w: ier, 
and titrated against 0.1 N HCl. The yield is a! out 
70%. The amyl lithium can be kept for several 
days in an icebox and can, therefore, be prepare: in 
advance. Excess lithium or amyl lithium can be 
destroyed by the addition of ethanol. 


Nore: In all operations the nitrogen shoul be 
oxygen free. It may be purified by passing it thro igh 
a quartz tube containing copper wire heated at 600 C.; 
or through pyrogallol solution (15%) in sodium ‘y- 
droxide (20%); or through an alkaline sodium ‘y- 
drosulfite solution to which sodium §-anthraquiione 
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sulfonate is added as catalyst (so called Fieser’s 30- 
jytion).6 Subsequently it is dried over concentrated 
sulfuric acid. 

Preparation of the Polymerization Catalyst, and the 
Polymerization of Ethylene. To the polymerization 
vessel consisting of a 1-liter ground joint three- 
necke'i flask fitted with a mechanical stirrer, a con- 
dense’ with calcium chloride tube, two gas adapters, 
one for flushing the apparatus with nitrogen, the 
other for passing ethylene, and a thermometer, 0.05 
mole :myl lithium in petroleum ether solution is trans- 
ferred. and diluted to 400 ml. with the same solvent. 
Two :nilliliters of anhydrous titanium tetrachloride 
isadded in one portion by means of a pipet fitted with 
a rubber suction bulb, and stirring is started. A 
prownish-black precipitate is formed and the tem- 
perature rises after a few minutes by about 10°C. 


’Freser, L. F., “Experiments in Organic Chemistry,’’ 3rd 
ed, D. C. Heath & Co., Boston, 1955, p. 299; Fieser, L. F., 
J. Am. Chem. Soc., 46, 2639 (1924). 


Stirring is continued for 20 minutes to complete the 
formation of the catalyst and then ethylene c.p. grade 
is passed. Immediately small particles of polyethyl- 
ene start to form and the temperature rises. After 
10 to 15 minutes the rise in temperature is about 
20°C. Stirring is more difficult as the solution becomes 
filled with solid polyethylene. The - polymerization 
is stopped after 30 minutes. The catalyst is decom- 
posed by addition of 40 ml. butanol. The polyethyl- 
ene is filtered and washed with concentrated hydro- 
chloric acid—methanol 1:1, until it becomes white, 
then it is washed with water and dried at 80°C. Yield 
is about 18 g. 

The polyethylene has a melting point of 125°-130°C. 
It yields tough semitransparent waxy films when 
pressed in a Carver press at 140°C. It is insoluble 
in organic solvents, concentrated acids, and alkalies 
in the cold. It dissolves to a small degree in boiling 
tetralin, decalin, and similar solvents from which it 
crystallizes out on cooling. 


ANIONIC POLYMERIZATION OF VINYL 
MONOMERS 


Is rue following, experiments on the polymerization of 
styrene using butyl lithium as catalyst, i.e., by anionic 
mechanism, are described. The experimental pro- 
cedure described is suitable for flash polymerization of 
styrene and as an experiment within a laboratcry 
course in polymerization reactions. It can be used 
also as a lecture demonstration for advanced students 
in organic chemistry. 

Two general catalytic methods, the one by free 
radical, and the other by ionic mechanisms, are avail- 
able for the polymerization of vinyl monomers. Of the 
ionic polymerizations, the anionic has been less in- 
vestigated than the cationic. Beaman! showed that 
some v.nyl monomers, especially methacrylonitrile, 
polymerized rapidly and at low temperature on using 
sodium n liquid ammonia as catalyst. Higginson and 
Woodin -? studied the kinetics of the polymerization 
of styre.e with potassium in liquid ammonia as cata- 
lyst. Comparatively the most extensively studied 
anionic polymerization is that of butadiene using 
metallic sodium.* 
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Anionic polymerization is not yet completely under- 
stood. It is sensitive to experimental conditions and 
difficult to control and to reproduce, owing to the 
velocity of the polymerization. Its behavior is quite 
different from free radical polymerization and makes the 
study of the reaction mechanism more difficult; traces 
of foreign substances may act either as promoters or 
as retarders. The polymers obtained are usually not 
homogeneous and often have low molecular weights, 
depending on the catalyst used and the experimental 
conditions. The activation energy for the anionic 


-polymerizations is usually small, but often a critical 


catalyst concentration is necessary to start the polymer- 
ization. Likewise, control of the composition of co- 
polymers polymerized by anionic mechanism is very 
difficult. 

Despite the above mentioned drawbacks, anionic 


1 Beaman, R., J. Am. Chem. Soc., 70, 3115 (1948). 

2 Hicarnson, W. C. E., anp N. S. Woop1ne, J. Chem. Soc., 
1952, 760. 

3 ZreGLER, K., Angew. Chem., 49, 499 (1938). 
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polymerization is a comparatively new field of research 
which may yet lead to important contributions in the 
field of plastics. 

The experiments described below seem to be useful 
to demonstrate within a short time the special proper- 
ties of anionic polymerization, such as heat and speed 
of reaction, sensitivity to conditions and other factors 
mentioned above. Butyl lithium polymerizes as well 
as styrene and other vinyl monomers, such as acryloni- 
trile, acrylamide, and methyl methacrylate having 
electron attracting groups attached to the vinyl group, 
thus making the double bond more acidic and therefore 
more responsive to anionic catalysts. Styrene, how- 
ever, is a striking example, as it can be polymerized 
not only by anionic, but also by free radical and by 
cationic mechanisms; its varying behavior emphasizes 
the contrast between the three kinds of polymer- 
ization. 

EXPERIMENTAL 

Preparation of Butyl Lithium. <A procedure modified 
from that of Gilman‘ and of Vogel’ was used. Three 
grams of lithium in the form of wire and 70 ml. of ether 
dried over sodium were placed in a 250-ml. three-necked 
flask equipped with a mechanical stirrer, dropping 
funnel, reflux condenser with calcium chloride tube, 
and gas leading tube to pass oxygen-free nitrogen 
through the apparatus. The flask was cooled in an 
ice-salt mixture and 24 g. butyl bromide in 25 ml. ether 
were added dropwise during 20 minutes. The reaction 
mixture was stirred at high speed for another 60 min- 
utes. The solution of the butyl lithium was filtered 
through a funnel containing a plug of glass wool into 
a glass stoppered bottle. This filtration removed the 
residual lithium. The concentration of the butyl 
lithium was measured by titration of an aliquot portion 
with standard acid after hydrolysis with water using 
phenolphthalein as indicator. The yield was 80%. 
Excess lithium or butyl] lithium catalyst was destroyed 
by the addition of ethanol. The butyl lithium can 
be kept for several days in an icebox and can therefore 
be prepared in advance. 

It was found unnecessary in the present polymeri- 
zation experiments to free the styrene used (Hopkins 
and Williams, London), from inhibitors. 

Polymerizations of Styrene with Butyl Lithium. To 
20 ml. styrene at room temperaure in a Pyrex, wide- 
mouthed bottle (the mouth of which is pointed away 
from the observers) is added rapidly from a pipet, 
with shaking, a solution of butyl lithium in ether. The 
solution used had a concentration of 0.00086 mole 
per ml. The color of the styrene changes to yellow 
and then to dark red-brown. This is due to the for- 
mation of carbanionic propagation centers.’ After 
the addition of 3 ml. of the catalyst solution, the 
styrene attains maximum color intensity and almost 


4 Gruman, H., J. A. Beet, C. G. Brannen, G. E. Buttock, 
G. E. Dunn, ano L. 8S. Mitter, J. Am. Chem. Soc., 71, 1499 
(1949). 

5 VoaEL, A. I., “Practical Organic Chemistry,’’ 3rd ed., Long- 
mans, Green & Co., Inc., New York, 1956, p. 932. 

FLory, Paut J., “Principles of Polymer Chemistry,’’ Cornell 
University Press, Ithaca, New York, 1953, p. 224. 


immediately an extremely fast exothermic pol) mer. 
ization occurs, whereby most of the polystyrene formed. 
still hot, shoots out from the bottle, as a friable miss of 
white color, streaked with brown, which on standing jy 
the air, or on washing with water, usually turns more 
or less entirely white. On slower addition of the «ata. 
lyst, more of it is needed to obtain this “flash’’ poly mer. 
ization, sometimes up to 15 ml., and the polymeriza- 
tion proceeds less energetically. The changes in color 
observed also take a longer time to appear. The color 
sometimes fades away, probably due to destruction 
of catalyst, and reappears on addition of fresh catalyst. 
In both cases, however, the polymerization is quantita- 
tive. 

The experiment may also be carried out in an open 
porcelain dish. When the butyl lithium is dropped on 
the styrene, the latter assumes a dark reddish-brown 
color and spreads mushroom-like to many times its 
original volume on its sudden polymerization. Some 
8 ml. of butyl lithium are needed on rapid addition to 
complete the polymerization in this case. Here also 
the polymerization is quantitative. 

An experiment on copolymerization using this tech- 
nique was carried out with styrene containing some 
divinyl benzene. The polymerization proceeded as 
usual and the polymer formed was, contrary to poly- 
styrene, insoluble in benzene in which it swelled to 
many times its previous size owing to its crosslinked 
character. 

The polymerization of styrene can be carried out 
also on a piece of filter paper. This is dipped in styrene, 
then buty] lithium solution is dropped on it, whereupon 
the styrene polymerizes readily, with accompanying 
color changes on the paper. The filter paper becomes 
impregnated with polystyrene and thus is rendered 
mechanically strong and impermeable to water. 

In the following, experiments on the polymerization 
of styrene with aluminium chloride (cationic mecha- 
nism) and with benzoyl peroxide (free radical mech- 
anism) are given in order to enable a comparison with 
anionic polymerization. 

Polymerization of Styrene with Aluminium Chloride. 
To 5 ml. styrene held in a beaker was added 0.3-0.4 g. 
pure anhydrous aluminium chloride (the aluminium 
chloride should be pure as with impure catalyst the 
polymerization does not start immediately and more 
catalyst is needed). Immediately an energetic poly- 
merization occurred; the styrene assumed a brownish- 
black color; the temperature rose considerably, and 
part of the styrene evaporated as white fumes. The 
styrene polymerized to a black viscous pitch-like sub- 
stance, which solidified and changed its color s\owly 
to white on standing or boiling with methanol. 

Polymerization of Styrene with Benzoyl Peroxide. 
The 0.25 g. benzoyl peroxide (5% catalyst) was dis- 
solved-in 5 ml. commercial styrene and heated in « test 
tube in a beaker of boiling water. After 20 min. the 
styrene started to solidify, the polymerization cing 
completed after about 30 minutes, forming a ‘rabs- 
parent polymer. On using a smaller quantity of cata- 
lyst, the polymerization took a longer time for com- 
pletion. 
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THE LABORATORY PREPARATION OF 
HYDROGEN SULFIDE: A HISTORICAL SURVEY 


To Van HeELMont collecting gas sylvestre and gas 
pingue, to Stephen Hales writing “Vegetable Staticks” 
in his Middlesex vicarage, to the millionaire Cavendish 
and to scholarly dissenting Priestley, gases other than 
common air were objects of curiosity which were pre- 
pared only in order that their properties might be stud- 
ied. 

Although hydrogen sulfide had long been known un- 
der the name of hepatic air, it was not until the end of 
the eighteenth century that it came to be used as an 
analytical reagent, and that the need arose for some 
means of preparing a gas for continuous use in the labora- 
tory. Scheele’s “Essay on Fire and Air” (1777) con- 
tained a paragraph headed “Stinking Sulphur-air,” and 
here the various ways of preparing the gas were ex- 
amined, the conclusion being reached that the best re- 
sults were obtained by treating iron sulfide with acids. 
His quaint description of the synthesis of iron sulfide is 
worth recording. 


... man schmelze drey Unzen zarte Eisen feiie mit Unzen 
Schwefel in einer Retorte zusammen: man unterhalte die Hitze so 
lange, bis kein Schwefel mehr in den Hals steigen will: wenn alles 
erkaltet, zerschlage man die Retorte: man wird finden dass das 
Eisen eine Unze am Gewichte zugenommen. Dieses geschwefelte 
Eisen solviret sich mit starken Gahrung in den Sauren, und man 
erhalt lauter stinkende schwefelluft. (1) j 


The new demand for this gas as a reagent required 
that the preparation might be started and stopped as 
required, and the smell precluded the simple expedient 
of pouring off the acid when sufficient gas had been 
generated. But for this requirement hydrogen sulfide 
would no doubt have continued to be made, as hydrogen 
is frequently made in school laboratories, in the two- 
necked bottle fitted with a thistle funnel which has 


Figure 1. Griffin's Gas Bottle 
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come to be known as Woulfe’s bottle, but which was in 
fact invented not by Woulfe but by Glauber. 

Several early attempts were made to solve the prob- 
lem of providing hydrogen sulfide “on tap”; that they 
were not completely successful is shown by the fact 
that Rose and Fresenius preferred to use a solution of 
the gas, which they called liquid hydrogen sulfide. 
Berzelius used an ordinary aspirator bottle with its fun- 
nel graduated so that the required amount of acid could 
be added. The volume of acid was of course calculated 
on an empirical basis. Several pieces of apparatus were 
introduced by J. J. Griffin, a learned chemist who trans- 
lated Rose’s analytical textbook into English and 
founded the firm of scientific instrument makers now 
known as Griffin and George Ltd. Griffin’s gas bottle 
(Fig. 1) used excess of acid, the pressure of gas forcing 
the liquid into the bulb, but it was obviously impos- 
sible to free the solid reactant from all traces of acid. 
A later Griffin apparatus (Fig. 2) overcame this diffi- 
culty by allowing the acid to drain from the sulfide 
when the vessel was inverted. Only the size of the 
lump prevented the iron sulfide’s falling through the ori- 
fice between the chambers, and small pieces must often 
have become detached in use. Based on the same prin- 
ciple, and subject to the same disadvantage, was the 
apparatus of von Babo (Fig. 3). 

An arrangement of bottles described by Dr. Phipson 
in 1865 certainly overcame the difficulty of preventing 
the sulfide from falling into the acid (Fig. 4). When 
in use, the acid container stood on three bricks and was 
lowered to bench level when sufficient gas had been 
generated. Phipson said that he saw this apparatus 
‘4n the laboratory of Professor Pisani, in Paris (2),’’ but 
it was probably devised by Deville. It may be noted 


Figure 2. Griffin's H:S Apparatus 
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Figure 3. von Babo's H:S Apperatus 


P. J. Kipp (1808-1864) 


that these methods of regulating the production of gas 
by moving some part of the apparatus imply the exist- 
ence of good flexible tubing. This was not obtainable 
much before 1850, as Goodyear’s process for vulcanizing 


rubber, though invented in 1839, was not patented until 
1844. Faraday, for instance, gave directions for mak- 
ing out of sheet rubber connecting pieces which were 
only fit for glass-to-glass joints (3). Thomson in 1836 
described how he made rubber joints out of a ribbon of 
rubber: 


I besmear one side of such a ribbon with a varnish composed of 
caoutchouc dissolved in naphtha, wrap it tightly round the place 
... and then tie it firmly with a piece of twine. 


Thus one development in chemical manipulation waits 
upon another. 

Meanwhile there had appeared an apparatus which, 
though designed for a different purpose must have given 


Figure 5. Nooth's Apparatus 


Kipp an idea for the external features of his own a) pa- 
ratus. This was a three chambered vessel designe: by 
Nooth for saturating water with carbon dioxide ( ‘ig, 
5) (6). Priestley had, of course, already described the 
preparation of “soda water” in his essay “On diffe: ent 
kinds of air” (6). Nooth’s apparatus must have be: nq 
fearsome object to use, considering that it involves . en- 
erating the gas in a closed system. The heavy sto} :per 
at the top was supposed to jump up and down a: re- 
quired, acting as a safety valve. The non-return a: the 
junction between the two lower chambers, consistii:z of 
a plano-convex lens moving in a metal cylinder sep::rat- 
ing two capillary tubes, very frequently jamined, 
Faraday said of this: 


It may be prudent to warn those who possess it against gener- 
ating gas afresh in the lower vessel without first ascertaining that 
the valve between that and the second is in the right order. From 
inattention tc this circumstance, an apparatus of the kind has in 
two or three cases been blown to pieces. 


Dr. Ure also had this caution to give: 


The valve is the most defective part of this apparatus, for the 
capillary tube does not admit air through, unless there is a con- 
siderable quantity condensed in the lower vessel; and the con- 
densation has in some instances burst the vessel (8). 


It is perhaps not surprising that the two copies of this 
apparatus listed in Daubeny’s inventory of 1823 have 
not survived to be included in the Daubeny collection, 
now in the Museum of the History of Science in Oxford. 

This was the background against which Kipp’s ap- 
paratus was developed. P. J. Kipp founded his firm 
of scientific instrument dealers in the year 1830; the 
firm is still in business in Delft and has very kindly sup- 
plied the photograph of the founder and of the early 
form of apparatus. The actual date of its invention is 
not known, nor is the place of its manufacture, though 
the first apparatus appears to have been made for Kipp 
by a German glassblower (Fig. 6). |The apparatus was 
offered for sale in England in 1866, two years after the 
death of Kipp. An early catalogue of Griffin’s gives 
the price of the largest size in Bohemian glass as twenty- 
five shillings, and the smallest size in German glass as 
eight shillings. A short biography of Kipp appeared in 
the year of the firm’s centenary (9). 


Figure 6. Original Form of Apps: :tus 
Made for P. J. Kipp 
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Very many modifications to Kipp’s apparatus have 
appeared and are still appearing. They have been 
de-igned mainly to increase the life of a filling, or to 
allow the spent acid to be removed without disturbing 
the rest of the equipment. 
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THOUGHT STIMULATION BY DEMONSTRATION 
EXPERIMENTS' 


Tue treatment of the problems of instruction as re- 
search projects often yields a stimulating and exciting 
experience for both the students and the instructor. 
Many such problems arise when the large number of 
students requires the use of graduate students or even 
fellow staff members in the quiz and laboratory work. 

An example of a fundamental and frequently un- 
solved problem is that of persuading the students to 
think. The students in beginning chemistry may be 
classified as belonging in one of three categories: (1) 
those who are content to memorize the material of the 
course for the purpose of regurgitation during examina- 
tions; (2) those who memorize not only the material 
but also some of the logical reasoning sequences of the 
course (the latter is illustrated by the use of the mem- 
orized solution of a type problem as one might use a 
mathematical formula); (3) those who, in addition to 
the essential memory work, look upon chemistry as 
something to be understood. They are able to use the 
knowledge obtained for original thought processes. 
This understanding and ability for logical thought, 
with new association of ideas, is characteristic of the 
student in contrast with the mere enrollee. 

In « previous publication? the author presented data 
and drew conclusions on the topic, “Do Students 
Think?” The results indicated that approximately 
10% of the two classes studied, naturally fell into class 
3. Under stress produced by repeated quizzes and the 
warniig of continuing quiz work on the same type of 
probl: in, 20% more of these classes were pressed into 
doing some original thinking of a sort. Thus a total 


' Presented before the Division of Chemical Education at the 
132nd Meeting of the American Chemical Society, New York, 
Septem ver, 1957. 

*Srovg, H. E., J. Cuem. Epuc., 13, 316 (1936). 
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of 30% in each of the classes, independently studied, 
demonstrated a capacity for thinking along chemical 
lines. 

Two projects are now described in which the students 
were encouraged to think. The method used is that 
of asking questions and seeking the answers by means 
of experiments. The students are asked to predict the 
results of certain proposed experiments. The answer 
is then obtained by means of an experiment. This is 
followed by asking for an explanation of what actually 
did take place during the demonstration. 

In a laboratory experiment involving the determi- 
nation of the equivalent weight of a metal, the members 
of the class were required to collect hydrogen gas over 
water. In doing this they were directed to fill a liter 
flask full of water, close the flask and invert it with the 
mouth under the surface of the water in a basin. This 
was to be accomplished without allowing any bubbles 
of air to enter the water-filled flask. To eliminate the 
difficulty of entering bubbles of air the students were 
instructed to place a filter paper over the mouth of the 
flask filled to overflowing with water. The flask could 
then be inverted in the air without supporting the filter 
paper by the hand and without the loss of any water or 
the entrance of any air bubbles. Those observing the 
demonstration for the first time are greatly interested. 
They find it difficult to accept the observed fact that 
atmospheric pressure keeps the filter paper and water 
in place. 

Each member of the class was asked to make a writ- 
ten prediction as to what he thought would be the 
course of events if the water-filled flask, sealed with 
filter paper, were to be supported in the inverted position 
for an indefinite period. No bubbles of air could be 
seen to enter the flask past the point of contact between 


Flask filled with water, before Inverted flask, after standing 20 
inverting. days. 


the filter paper and the mouth of the flask. As time 
passed a space appeared at the upper surface of the 
water which continued to grow from day to day. 
(Note: If the mouth of the flask is irregular, bubbles 
may sometimes be seen to enter the flask. The bubbles 
may be eliminated if the mouth of the flask is ground 
to a flat surface before using in the demonstration. 
With most flasks this is not required.) 

It was found that a liter flask set up in the inverted 
position with water and filter paper in place lost 54% 
of the water in sixty days and all of the water in one 
hundred days. 

When the possibilities of this demonstration as a tool 
for stimulating the student’s thinking were recognized, 
it was greatly expanded. Various shapes and sizes of 
vessels were used. Variations in the liquids and the 
diameter of the mouths of the vessels were introduced. 
The effect of using filter paper of different diameters 
with the same vessel was tried. Paraffin paper and 
aluminum foil were used as a replacement for the filter 
paper. An assortment of these demonstrations were 
set up where the class could observe, but not disturb, 
them from day to day. 

In order to stimulate participation by all the members 
of the class, written quizzes were given which included 
such questions as: Will the filter paper remain in place 
indefinitely? Predict the effect of using filter paper 
with more overhang. Could one remove the paper 
from the inverted vessel without all of the water falling 
out? 

Surprisingly enough, the answer to the last question 
is yes, if a 1- X 7-cm. test tube is used. Under the con- 
ditions obtaining, the water evaporated: from the in- 
verted tube from which the filter paper had been re- 
moved at a rate of more than a centimeter in height per 
day until by the end of the fourth day all the water had 
evaporated. 

Using two other 1- X 7-cm. test tubes for the demon- 
stration, one closed with a 4-cm. diameter filter paper 
and the other with a 2.2-cm. filter paper, predictions 
were requested as to the probable difference in the be- 
havior toward the loss of water. The experimental 
answer, subsequently obtained, showed that with the 
4-cm. diameter paper all the water evaporated in 7'/. 
hours while with the 2.2-cm. paper it took 17 hours for 
all the water to evaporate. 


The effect of using liquids with higher or lower vapor 
pressures at room temperatures than that of water as 
suggested. Diethyl ether and a petroleum fraction 
boiling from 30°-36°C. were used to answer this one. 
Mercury offered an intriguing liquid as an example of 
one with a lower vapor pressure because it also had the 
property of not wetting the glass or the paper. It 
turned out that it could only be caused to remain in ‘he 
inverted tube with the greatest difficulty when the 
1- X 7-cm. tube was used, and then duplication of ‘he 
demonstration was uncertain and very frequently did 
not work at all. Aluminum foil was used in place of 
the paper in the few instances when the inverted tube 
retained the mercury. 

The use of solutions in place of the pure liquid sug- 
gested questions and experiments involving the 
measurement of molecular weights and the degree of 
dissociation. A comparison of the effect on the rate 
of loss of solvent between one containing the pure sol- 
vent and another identical one save that it contained 
a solution of known concentration might be used to 
measure these two properties. 

A critical answer with logical conclusions was given 
full credit even though the specific experimental answer 
differed from the predicted one. Of course, when the 
prediction was not fulfilled by the experiment, an ex- 
planation of what actually happened was in order. In 
fact, questions requiring that the student explain what 
actually did happen are often as stimulating and 
thought-provoking as any based on a prediction of 
what is expected to happen. 

A colleague was certain that a paraffined tube with 
a paraffin paper closure would not support the water 
in the inverted tube. A wager was won when the 
experiment proved that such a demonstration would 
work. 

An observation of the difference between the solu- 
bility of nitrogen and of oxygen in water led to a great 
deal of original thinking on the part of the instructional 
staff as well as of the students. Oxygen is about 
twice as soluble in water at room temperature as nitro- 
gen. With its greater density it should diffuse more 
slowly than nitrogen. The greater solubility of oxygen 
might be taken as an indication that there is a greater 
tendency to solvate than is the case for the nitrogen. 
This information together with the composition of the 
air (approximately 21% oxygen to about 79% nitrogen) 
was presented to the class. Then it was proposed that 
the residual gas might have a different oxygen-nitrogen 
ratio than the air. Speculation as to the possibility of 
separating oxygen from nitrogen by some sort of  re- 
cycling treatment of the residual gas led to a rash of 
“Rube Goldberg” devices. The experimental an=wer 
to this problem was obtained by setting up five foot- 
long tubes in a thermostatted room and accumulat'ng, 
over a period of weeks, a considerable volume of the 
residual gas. There was sufficient gas for a numer 
of macro determinations by standard gas analysis 
procedures. A control analysis of the atmosph ric 
oxygen content was run and no difference found e- 
tween the composition of the residual gas and tha‘ of 
the atmosphere. Why there should be no change in «he 
oxygen-nitrogen ratio proved to be a challenge to ‘he 
instructor as well as the students. Perhaps a check on 
the oxygen content where certain other selected liquids 
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were used in place of water would provide the data 
needed for a satisfactory answer. 

Another demonstration® well adapted to the “ques- 
tion- and answer-by-experiment” method is one in 
which 1-in. X 3-ft. aluminum rods were placed on a 1-ft. 
cube of dry ice. This produced a loud and continuing 
noise Which was brought to almost deafening propor- 
tions by increasing the number of rods until the surface 
of the cake of dry ice was completely covered with the 
vibrating rods. After some minutes of this uproar the 
rods were removed. The class was made aware of the 
fact that a small depression had been produced under 
each of the rods, that the aluminum is a good conductor 
of heat, that the dry ice was constantly subliming and 
giving off quantities of dense cold carbon dioxide gas, 
and that there appeared to be no diminution in the 
intensity of the noise during the several minutes in 
which the demonstration was allowed to continue. 
The students were then permitted, and indeed en- 
couraged, to ask any questions of fact concerning the 
details of the demonstration (Fig. 2). 

It was suggested that the next hour quiz would con- 
tain questions concerning the demonstration. These 
might include: How long would the sound have con- 
tinued if the rods had not been removed from the dry 
ice? Explain the source of energy which produces the 
noise. How would an increase in the relative humidity 
affect the demonstration? Would an increase of several 
fold in the diameter of the rods alter the character of the 
demonstration? What would be the effect of heating 
the overhanging ends of the rods on the loudness and 
extent of the noise and so on? 

After the quiz sections of the class had met, some of 
the teaching assistants came to inquire as to the correct 
answers to these questions. Their students had been 
trying to find the answers to memorize for use on the 


Strong, H. W., J. Cuem. Epuc., 26, 481 (1949). 


Figure 2 


Diameter and length differences change the pitch but have little effect on 
the volume of the noise. This is true of copper and aluminum but not of 
iron or steel. 


forthcoming quiz. Of course, there were no specifically 
correct answers required. Credit would be given for 
logical original answers, arrived at by applying the 
kinetic theory to the observed facts. Evidence of 
original thinking was the answer sought. Both stu- 
dents and teaching assistants seemed to have responded 
to the thought stimulation of the demonstration, and 
perhaps some who had been only enrollees belonging 
to class 1 had an inkling of how the students of class 
3 were proceeding to obtain an education in chemistry.. 

Although many more questions and experimental 
answers could be suggested, enough have been given to 
show how the technique of thought-provoking questions 
and experimental answers can be used to stimulate 
original thinking in a chemistry class. Many students 
found pleasure in these questions and experimental 
answers who would otherwise have been content with 
the minimum of thinking involved in the “tried and 
true” memory system with which they entered the 
course. 


MCA HONORS SIX COLLEGE CHEMISTRY TEACHERS 


Six outstanding teachers in the field of undergraduate chemistry received awards of 
$1000 each under the Manufacturing Chemists’ Association’s 1958 College Chemistry 
Teacher Awards Program. They were selected from among 143 candidates. Presenta- 
tion was made during the 86th annual meeting of the Association at White Sulphur 


Springs, West Virginia, June 12, 1958. 
Recipients of the awards are: 


Paul Winslow Boutwell, Beloit College, Beloit, Wisconsin 
Elizabeth Dyer, University of Delaware, Newark 

Carl Waldo Holl, Manchester College, North Manchester, Indiana 
Sherwin Maeser, Utah State University, Logan 

Jesse LeRoy Riebsomer, University of New Mexico, Albuquerque 
Arthur Eugene Wood, Mississippi College, Clinton 


VOLUME 35, NO. 7, JULY, 1958 


— 
an ex- 
er. In 
| 


VAPOR PRESSURE APPARATUS 


Tue apparatus described below for the measurement 
of vapor pressures of liquids is elementary both in its 
construction and operation yet is capable of giving quite 
precise results. The principle of operation is an obvious 
one, but one which has found little use in practice. A 
liquid is vaporized at the lower end of a long column and 
recondensed at the upper end. Measurements of the 
temperature of the vapor in equilibrium with recon- 
densing liquid are made with a thermometer suspended 
in the column. The inherent advantage of this appa- 
ratus over the Ramsay-Young dynamic type! is that 
there is no loss of material during the course of the ex- 
periment. It is superior to the static isoteniscope type 
of Smith and Menzies? in that no preliminary degassing 
of the sample is required, and no thermostat of any kind 
is required. 

Figure 1 shows the construction and critical dimen- 
sions of the column in use in this laboratory. It con- 
sists of three parts: a reservoir in which liquid is vapor- 
ized, a column in which the vapor is in equilibrium with 
condensing liquid, and a cold finger condenser to pre- 
vent vapor from escaping into the remainder of the 
apparatus. The reservoir is normally half filled with 
liquid. It is heated by means of a heating mantle con- 
trolled with a Variac. The flash guard at the mouth 
of the reservoir prevents liquid from bumping up into 
the column with consequent superheating of the ther- 
mometer bulb. With this design it is unnecessary to 
use any boiling chip. The thermometer is a 0.0- 
110.0°C. complete immersion precision type graduated 
to 0.1°C. The bulb is wrapped in a muslin sleeve to 
assure thermal equilibrium with the refluxing vapor. 
The cold finger condenser is easily removable, making 
it a simple matter to change the liquid in the reservoir. 
If the available water supply is not cold enough to pro- 
vide adequate cooling of the cold finger, a copper tub- 
ing coil immersed in an ice bath can be introduced in the 
cooling water inlet circuit. The column is connected 
to the remainder of the system, consisting of the usual 
mercury manometer, ballast tank, pump, and air inlet 
system via the side-arm ball joint connection. When 
organic liquids are used, the condenser joint should be 
lubricated with an organic insoluble type grease.* 


OPERATING PROCEDURE 


The system is evacuated to about 10 mm. Hg internal 
pressure, or until the liquid in the reservoir begins to 
boil of its own accord with the heating mantle off. The 


1 Ramsay, W., ano S. Youna, J. Chem. Soc. (London), 47, 42 
(1885). 

?Smiru, A., anp A. W. C. Menzies, J. Am. Chem. Soc., 32, 
1412 (1910). 

5 Nonagq grease, available from the Fisher Scientific Co., Pitts- 
burgh, Pa., is satisfactory. 
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Variac is then turned on and adjusted until there is 
a continuous dropwise return of liquid from the column 
through the flash guard, and a slower dropwise flow of 
liquid off the thermometer bulb sleeve. Continuous 
condensation of vapor will then be observed on the tip of 
the cold finger. The column will equilibrate within half 
a minute and can be maintained without further ad- 
justment at any desired equilibrium temperature and 
pressure for an indefinite period. Stepwise increases 
in the Variac setting will maintain the desired ref!\1x 
rate as the column temperature is raised. Data «re 
taken at approximately 5°C. intervals up to the b:: 
ing point of the liquid at atmospheric pressure. A ~c- 
ries of data points is then taken on a descending 1:1. 
Thus, between 25 and 40 readings can be easily ©: 
tained. From these, the usual plot of log P versus ! 

is made and the heat of vaporization calculated. 

As described, the apparatus is capable of provid’ 
data over a range of pressures from 10 to 760 mm. - 
with an accuracy of +1 mm. using a conventic 
meterstick manometer scale. Among the liquids t: 
have been used in the apparatus are chloroform, car’ 
tetrachloride, benzene, toluene, water, methanol, . « 
acetone. These liquids were chosen because of t! 
appropriate vapor pressures over the range covered Y 
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the thermometer. In all cases the experimentally de- 
termined vapor pressure curves agree with reliable 
liter: ture data within the limits of experimental un- 
cert inty. 
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A SIMPLIFIED PROCEDURE FOR SEARCHING 
UNITED STATES CHEMICAL PATENTS 


Maxy research laboratories whose interests are 
diversified and have limited budgets for purposes of 
patent searching often fail to find pertinent United 
States patents on a particular subject which could 
have profound bearing on the course of future research. 
This situation is not confined to industrial research 
laboratories, but is believed to be commonly found 
in the research programs conducted by such institutions 
as private foundations, colleges, and universities. 

Patent searching has often been deemed the sole 
prerogative of professional searchers who operate 
from the Patent Office, where access may be had to 
classified compilations of U. 8. patents. The average 
researcher usually believes a quick scanning of Chem- 
ical Abstracts for pertinent articles will give him a suf- 
ficient background for the start of a research project. 
Frequently, the most pertinent sources of information 
in specialized fields of technology exist primarily in 
U.S. patents and, if these valuable sources of infor- 
mation are hastily glossed over, there is a good chance 
that duplication of known technology will result. 

Most well-equipped chemical libraries contain a 
complete set of Chemical Abstracts. By using standard 
bibliographical procedures, it is relatively simple to 
find one or two pertinent U. S. patents dealing with 
the particular subject in question. Once such patents 
have been found, it then becomes an easy matter to 
discover the majority of other pertinent patents dealing 
with the subject under investigation. 

Since February 4, 1947, every U. S. patent contains 
a list of the references cited against it during its pros- 
ecution history. These references are usually other 
U. 8. patents, but many times the references include 
articles, foreign patents, and other types of references 
which bear upon the subject matter of the patent. 

If cne or two recent patents are available on a 
particular topic, it is a simple matter to order one 
copy of each of the references cited against these 
patent~ and to study them for pertinency to the problem 


at har! Quite often it will occur that only a few of * 


the re ‘erences will be pertinent, with the rest being 
ancillary to the particular subject involved. In this 
case It would be desirable to order the references cited 
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against the subsequent patents that were found perti- 
nent. Thus, by continually back-ordering, it is pos- 
sible to obtain a chronological picture of the develop- 
ment of a particular field with a minimum of effort. 

The, more patents discovered in the initial search of 
Chemical Abstracts the greater will become the prob- 
ability of unearthing the complete history of the 
subject under study. It is, of course, extremely 
desirable that all the patents listed by Chemical Ab- 
stracts be used as a starting point for the back-ordering 
process. A good test for an indication of the com- 
pleteness of the search is when the references back- 
ordered begin to be duplicated. 

Prior to February 4, 1947, the references cited 
during the prosecution of a U. S. patent were not 
listed at the end of the patent, but they may be ob- 
tained by writing the Patent Office. The charge 
for this service is nominal plus the cost of the references 
ordered. 

By using the system and method outlined above, 
it is possible to obtain much valuable information 
regarding a particular field of technology. When a 
complete set of patents have been obtained, they will 
be helpful not only to the research worker during the 
development of a particular project, but also will be of 
invaluable assistance to the patent attorney in the 
event a patentable invention results from the research 
program. 

This method of chemical patent searching is by no 
means deemed to be infallible. It cannot be a sub- 
stitute for an extensive search in the files of the U. 8. 
Patent Office. But the small sum required to search 
the patent literature in this way is rewarded with 
valuable information that sometimes would not be 
obtained with a search conducted by a professional 
searcher using Patent Office facilities. To conduct 
these searches, all that is required is a set of Chemical 
Abstracts, patience, and a deposit account with the 
Patent Office which contains sufficient funds to bear 
the cost of ordering U. 8. patents, photostats, and 
the like. When used properly, this system becomes a 
simple, routine operation which can be followed through 
with a minimum of effort. 
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STUDIES ON THE USE OF CELLULOSE TUBING 


FOR DIALYSIS' 


Tue terms “dialyzable ’’ and ‘‘nondialyzable” are used 
quite commonly in chemistry and biology to indicate 
large (colloidal) and small particles in a solution. It 
seems that too little emphasis is placed on the porosity 
of the membranes, although it is well known that this 
is an important factor. The porosity of semiperme- 
able membranes is dependent upon the method and 
material by which they are prepared; this fact should 
be emphasized in our chemistry classrooms. 

During the past four years Visking cellulose tubing 
has been used in our laboratory for dialysis of large 
volumes of urine in an attempt to establish the normal 
value for the nondialyzable constituent of human urine. 
Two sizes of commonly used cellulose tubing (20/32-in. 
and 32/32-in.) were tried in order to find the size better 
suited for this purpose. A surprising observation was 
made: The 20/32-in. tube consistently yields only 
about one-half the amount of nondialyzable material 
as does the larger size. There was little variation in 
the results when different batches of the same size were 
used. 

As a result of these striking observations it was de- 
cided that the dialyzing membranes should be checked 
against a standard material. In an attempt to find a 
suitable standard, Merk dextrin was dialyzed against 
distilled water; the results were even more decisive. 
A second experiment was run on another batch of cel- 
lulose tubing; this experiment is described here. 

The 32/32-in. and 20/32-in. (inflated diameter) Visk- 
ing cellulose tubings were soaked in distilled water for 
three days; each day they were washed inside and out 
and the water was changed at least once a day. The 
tubes were then cut in lengths of 100-ml. capacity and 
they were filled with 0.1% Merk dextrin solution. 
Both sizes of tubings were treated in the same manner. 
The dialysis was carried out against distilled water 
under toluene in the refrigerator. Samples were taken 
periodically; the dextrin was determined by the re- 
cently developed? presulfonated resorcinol reaction. 

After dialyzing for five days against an equal volume 
of distilled water (see table) to allow an equilibrium to 
be established, the first sample was taken. There was 
79.6% of undialyzed dextrin in the large tubing and 
59.3% of undialyzed dextrin in the small tubing. 
These results could indicate that the small tubing is 
about twice as permeable to the dextrin as the larger 
tubing; the analysis on the dialyzate confirmed these 
findings. However, it could mean that the dialysis 


1 Supported in part by a grant from the Comley fund. 
? Devon, ArtHuR W., CiypE CoNGER, AND Ivan GILL, 
“Archives of Biochemistry and Biophysics,” in press. 
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occurs at a more rapid rate. The dialysis approached 
completion after about 19 days during which the water 
was changed 9 times; an equal volume of water was 
used for the first change of water and then 6 liters was 
added in the next 9 changes after which the volume 
was increased to 8 liters. Only a small amount of the 
dextrin dialyzed out during the next 30 days. After 
49 days the results (average of three samples) show 
that 54.5% of the dextrin was not dialyzable through 
the large tubing whereas 20.89% was undialyzable 
through the small tubing. Continuation of the ex- 
periment for 30 days longer proves that this difference 
is not merely a difference in rate of dialysis. Appar- 
ently some hydrolysis occurs during the dialysis—prob- 
ably caused by bacteria. At least the particles seemed 
to be getting smaller upon standing in the refrigerator. 

The average pore radius for two membranes may be 
the same, yet one may have a few comparatively large 
pores so as to make it permeable to a substance which 
will not diffuse through the other membrane. This 
property difference could possibly account for the ob- 
servations described in this report. 

The Visking cellulose tubing is an inexpensive mate- 
rial which is very satisfactory for dialysis. However, 
it seems that a check on the permeability should be 
made when it is used for dialysis of mixed substances 
which vary considerably in molecular size. Instruc- 
tors should always stress two important facts when 
introducing the term “dialyzable’”’: (1) the size of the 


—ZUndialyzed dextrin— 
20/32-in. 


No. of Liters of 
HO H:0 32/32-in. 
tubing tubing 


79.6 
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particle, (2) the size of the membrane pores. It seems 
that too little emphasis is placed on the seco! im- 
portant fact, and it should be pointed out that a\ "age 
pore size is not necessarily significant. In add ''ion, 


* one should always mention the type of membrane when 


describing a substance as being “dialyzable.” For ex- 
ample, the Merk dextrin used in the experimen! de- 
scribed above is only 45.5% dialyzable through 3. 32- 
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jn. (inflated diameter) Visking cellulose tubing whereas 
the same dextrin is 79.2% dialyzable through 20/32-in. 


Visking cellulose tubing (tubing purchased late in 1956). 
Even the approximate date of purchase probably should 
be mentioned because changes in properties may re- 


sult from improved methods of manufacture. It is a 
simple matter to keep a standard stock of dextrin on 
hand and to check each batch of tubing as it is used. 
One only needs to allow the diffusion to approach equi- 
librium and then test the dialysate. 


Jovntaux (1) was apparently the first to observe the 
unusually high eryoscopic constant of camphor and the 
first to employ it as a solvent for the determination of 
the molecular weight of organic compounds. But the 
name of Rast is usually associated with the use of cam- 
phor for this purpose, though his first publication (2) 
on the subject appeared ten years later than that of 
Jouniaux. Rast evidently developed his well-known 
method without being aware of the prior work of 
Jouniaux and believed at first that the principle of his 
method was entirely novel. The circumstances under 
which Rast made what he believed to be an original dis- 
covery are somewhat unusual. His inspiration appears 
to have come from his study of a copy of the Physikal- 
isch-Chemische Tabellen of Landolt-Bérnstein-Roth 
which he persuaded his father to buy for him, and he 
worked out his very useful method in his father’s drug 
store, not in an academic laboratory, though at the time 
he was a student at the University of Wiirzburg. As 
Rast (3) now recalls it: 


On one day of the Christmas holidays of 1922, while at home 
reading, I came upon the camphor-salol diagram of Caille. This 
was indeed no carefully plotted curve, but it seemed to me that 
camphor must have an incredible Beckmann constant. I calcu- 
lated it out and came on the value 40. I had all that was needed 
for the experiment at the drug store: analytical balance, melting 
point flask, camphor, and several pure organic substances. 


His first experiment was with acetanilide, for which he 
found the correct molecular weight when he used the 
constant 40. On the following day he determined the 
molecular weights of phenolphthalein, picric acid, 
and resorcinol, and a little later the molecular weights 
of caffein and sulfonal. With these also he obtained 
correct results. On his return to the university, he im- 
parted the results of the experiments to his teacher, 
Von Halban, who advised him to publish his findings. 
After a conference with Dimroth, the head of the Chem- 
ical Institute, and after a check of the camphor-salol 
diagram, this was done. 

Within a very short time after publication, Houben 


* Present address: Department of Chemistry, Anticch Col- 
lege, Yellow Springs, Ohio. 
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CAMPHOR AS A CRYOSCOPIC SOLVENT 


Historical and Critical Notes 
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(4) reported that the method of Rast was already 
widely used, and predicted that it would soon be 
adopted in all laboratories. A comparison of the orig- 
inal procedure of Rast with that published by him later 
in Abderhalden’s Handbook (5), and with that in a re- 
cent textbook (6), shows that there has been little 
change except for improvements in the apparatus. 

In spite of the quick acceptance and success of this 
method for the determination of molecular weights, 
there was some adverse criticism, some of it directed to 
the question of priority. For example, Le Févre (7) 
remarked in a critical note on the Rast Method that, 


In view of the increasing use of an excellent and convenient 
procedure for the determination of molecular weights cryoscop- 
ically in camphor solution, the observation should be made that 
the usual method of reference to the method in our chemical 
journals scarcely bestows credit where it is most due. 


After listing by title the two prior publications of Jou- 
niaux, Le Févre goes on to say, 


In 1922 Rast, without reference to previous work, suggested 
that the determination of melting points of solutions in camphor 
of about 10 percent strength . . . could conveniently be made in 
capillary tubes in the ordinary way. This was his only essential 
innovation. 


Though this might seem to be true, it does not 
adequately account for the fact that the publications 
of Jouniaux on the use of camphor as a solvent for 
the determination of molecular weights received lit- 
tle notice, whereas the publications of Rast on the same 
subject received immediate and wide attention. One 
reason for the success of the publications of Rast is that 
he included an explicit procedure for the determination 
of molecular weights. Jouniaux, on the other hand, 
merely described some experiments that he had made. 
Another reason is that the procedure of Rast required 
very small weights of organic compounds, whereas the 
weights used in the experiments of Jouniaux ranged from 
a half to one gram, a difference that was of considerable 
importance from the standpoint of practical research 
in organic chemistry, especially at a period when micro- 
methods in organic analysis were generally coming into 
exclusive use. 
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Some of this adverse criticism was also directed to the 
value of the cryoscopic constant used by Rast or to the 
validity of the data on which it was based. Le Févre, in 
the same critical note, says, 


Rast further (without discussion) adopted 400 as the molecular 
freezing point for camphor, calculating this value from the melt- 
ing points of salol-camphor mixtures given in Landolt-Boérnstein- 
Roth (4th ed., p. 556) which themselves are taken from a paper 
by Caille (8). Jouniaux had previously deduced a higher value, 
namely, 498. The latter figure seems preferable. 


Actually the numerical value of the constant rec- 
ommended by Rast is 40. The figure 400 is the cor- 
responding value based on 100 grams of solvent instead 
of 1000 grams. On the basis of this latter weight the 
value of the cryoscopic constant recommended by 
Jouniaux is 49.8 instead of 498. This last figure was 
obtained by Jouniaux as the average of five experiments 
in which the value of the constant ranged from 492 to 
505. In the following discussion of the different con- 
stants recommended by Rast and by Jouniaux, the more 
usual basis of 1000 grams of solvent will be used. 

In a paper which followed the above-mentioned 
critical note, Le Févre and Webb (9) reported the re- 
sults of a redetermination of the melting point curve of 
mixtures of salol and camphor. They found consider- 
able divergence from the curve based on the data of 
Caille. From this new curve they derived consider- 
ably higher values for the cryoscopic constant for cam- 
phor than that recommended by Rast. However, in a 
second paper, which quickly followed the first, Le Févre 
and Tideman (10) reported that the cryoscopic constant 
was found to range from 37.9 to 41.0 for solutions of 
twelve other organic compounds in camphor. They 
concluded, 


The mean value for K is thus found to be 396 [i.e., 39.6] which 
differs greatly from that obtained by Jouniaux. It is difficult to 
reconcile our figure with that of this worker. The apparently 
convincing mathematical verification advanced by him contains 
arithmetical errors, and has been shown elsewhere to be useless 
as evidence in support of his experimental work. 


The mathematical verification to which allusion is made 
was published by Jouniaux (1/7) shortly after his ex- 
perimental paper appeared, and the refutation of it by 
_Le Févre and Tideman (/2) was published as a note 
about the same time as their paper. In this note they 
say, 


In conclusion, it is evident that neither as a verification of his 
own work nor as 2 means of discrimination between the two values 
of K for camphor so widely different as 400 and 498 are such 
applications of thermodynamic formulae of much practical use. 


The work of Le Févre and co-workers did not settle 
the issue of the widely different constants recommended 
by Rast and by Jouniaux. Durand (13) contended 
that the constant of Jouniaux was essentially correct. 
He criticized Rast’s method as involving two principal 
errors, one, the use of solutions too concentrated for the 
sound application of Raoult’s law, and the other, the use 
of a constant that was toolow. Durand concluded that 
these two errors approximately compensated each other. 
This could explain the satisfactory results usually ob- 
tained by Rast’s method. Durand advocated the use of 
much more dilute solutions and a constant of 50.0. 
Unfortunately, much more dilute solutions require more 
exact weighing of the organic substance and the use of a 
more delicate thermometer. Hence the procedure rec- 


ommended by Durand involved the loss of some of «he 
practical advantages of Rast’s procedure. 

A little later, Bohme and Schneider (14) pointed «ut 
that not only were the two very different constant: of 
Rast and of Jouniaux supported by the experimen: 
evidence of various workers but that still other ¢ - 
stants were recommended by other workers, also bi. ed 
on experimental evidence. Béhme and Schneider e ey 
doubt the validity of molecular weight determinat; js 
by the Rast method and its modifications, for they - vy, 


The surprise is, that even with the most varied ‘‘consta:)'s,” 
most authors always find almost theoretical results, which m: kes 
the value of such molecular weight determinations rather ¢:1es- 
tionable. 


They also point out that in view of the unavoid:ble 
error of a few per cent in weighing out the organic sub- 
stance and in reading the thermometer, a range of ex- 
perimental values will be the usual result of determina- 
tions by this method. They concluded that the various 
investigators selected the most appropriate from a num- 
ber of measurements and that this explains why the 
theoretical and experimental values for their molecular 
weight determinations agree so well even when different 
constants are used. 

Some of the data in the very critical review by 
Béhme and Schneider suggested to Meldrum that the 
constant might vary with the concentration of the or- 
ganic substance in the camphor solution. By careful 
experiments Meldrum and co-workers (15) showed that 
it did vary from a minimum of 37.7 at about 0.2 molal 
to a maximum of 50.0 at about 0.01 molal. This ex- 
plains why the constant 40 gave satisfactory results with 
the concentrated solutions recommended by Rast and 
why the much higher constant 50 still gave satisfactory 
results with the dilute solutions recommended by Du- 
rand and by others. Though the work of Meldrum and 
co-workers ended most of the controversy over the dis- 
crepancy between the constants of Rast and of Jouniaux, 
it still did not explain why the latter investigator, who. 
worked with concentrated solutions, found such a high 
constant. Rast (16) suggested that this high constant. 
was caused by failure to stir when he determined his 
melting points, and Béhme and Schneider suggested 
that it was caused by his use of relatively large weights 
of camphor and organic substances, but neither of these- 
suggestions leads to any plausible explanation. 

It is curious that in all this controversy about the dis- 
crepancy between the constant of Rast and that of 
Jouniaux, none of the participants called attention to 
the unusual equation that Jouniaux used to calculate 
his constant from his experimental data. Though !ast. 
gave no equations for his calculations, it is obvious | hat 
they were based on the simple expression: 

KP (1) 


where M is the unknown molecular weight, K is the 
cryoscopic constant, P is the number of grams of sc ute 
per 1000 grams of camphor, and C is the depressiv' of 
the freezing point in degrees. The symbol C cv're- 
sponds to the A7’ now commonly used to denote th: le- 
pression of freezing point temperature. For the de- 
termination of the constant the equation therefor 1s: 


= MC (2) 
K == 
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(1): 


But Jouniaux used the following equation for the de- 
termination of the constant: 
— P’) 
C’) 
where C’, C’’ and P’, P’’ are measurements of the de- 
pre-sion of the freezing point and the amounts of solute 
per 100 grams of camphor, respectively, in two inde- 
peident experiments in which the concentrations of 
soli:te are considerably different. He derived this equa- 
tio: from an express’on usually attributed to Raoult 


(17): 
u(5), (4) 


where (C/P)o is the ratio of the depression of the freez- 
ing point to the amount of solute as the concentration 
approaches zero. Jouniaux found the value of this 
ratio from two pairs of observations by means of the 
following equation: 
(C’ — (C'C’/P") 
(5),- 


K=M (3) 


By substituting the right side of this last equation in 
equation (4), equation (3) is readily obtained. 

What all the critics of the work of Jouniaux appear to 
have overlooked is that if his experimental data are sub- 
stituted in the simple cryoscopic equation (equation 
(2)) the constant thus obtained is very near to that ob- 
tained by Rast and by the others who worked with con- 
centrated solutions. This is especially true for his data 
on the more concentrated solutions. The actual re- 
sults of this substitution are shown in column I of 
the table. The figures published by Jouniaux, as ob- 
tained from the same data by the use of his equation, 
are shown in column II. In other words, the constant 
of Jouniaux is unusual because of the unusual equation 
he used. Moreover, if his equation is used both for the 
determination of the constant and for the determination 
of unknown molecular weights, the resulting values for 
the latter are as good as those obtained by the use of the 
simple equation. The past confusion has largely re- 
sulted from attempting to use the constant of Jouniaux 
in the simple cryoscopic equation. Similarly, the equa- 
tion recently recommended by Linstead (18) yields from 
the data of Jouniaux a constant that is very close to that 
determined by the equation of Jouniaux, and it would 
be equally wrong to use this constant in the simple 
cryoscopic equation. Unfortunately, this kind of error 
occurs in some laboratory manuals still in use. In one 
such manual, for example, the simple cryoscopic 
equation is given, the method of Rast is recommended, 
and 49.8, the constant of Jouniaux, is listed in the 
accompanying table of constants. Obviously, students 


‘Benzoic acid 


Value of the Cryoscopic Constant K for Camphor 
Calculated from the Data of Jouniaux by Means of 
the Formula Used by Rast 


Concentration _Depres- 
grams sion 
Solute 1000 grams =<. 


65. 
32. 


Value of K 
I Il 


39.7(a) 49.2 
44.5 


(M.W. = 122.12) 
Pyrogallol 

(M.W. = 126.11) 
Naphthalene 
(M.W. = 128.16) 
2-Naphthylamine 
(M.W. = 143.18) 
1-Nitronaphthalene 
(M.W. = 173.16) 


40.8(a) 50.0 
45.5 

39. 6(a) 

4.5 


67 
33. 


wet 
WN NO 


41 
45.8 


35. 


who follow such instructions will not obtain correct 
molecular weights except by accident. 
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CYTOPLASM-PARTICLE LINKED ENZYME 
REACTION: A LABORATORY EXERCISE 


T ue colorimetric determination described by Litwack, 
et al.! of whole homogenate xanthine oxidase-uricase 
reaction offers a method suitable to the class laboratory 
to demonstrate a cytoplasm-particle linked enzyme 
reaction. Because this method detects substrate dis- 
appearance by a colorimetric procedure the necessary 
equipment is very simple. Xanthine oxidase, which 
* catalyzes the following over-all reaction when xanthine 
is’present as substrate, 


Xanthine (hydrate) 


C—OH + H,0, 


1 
HO—C 


Uric acid (enol form) 


may be separated in the supernatant fraction (cyto- 
plasm) after rat liver homogenate has been subjected 
to differential centrifugation.2 On the other hand, 
uricase, which catalyzes the linking reaction, 


Uric acid (keto form, in 
equilibrium with enol form) 


GERALD LITWACK 


Rutgers, The State University, New Brunswick, New 
Jersey 


is found entirely in the mitochondrial fraction of rat 
liver.* The liver cells may be conveniently broken by 
homogenizing fresh, chilled rat liver. The cellular 
products of homogenization are cell debris, nuclei, 
mitochondria, microsomes, and other subcellular 
particles as well as cytoplasmic fluid. The cytoplasmic 
fluid which contains the xanthine oxidase enzyme may 
be isolated from mitochondrial uricase enzyme by 
centrifugation of the particles leaving a centrifugate 
(residue including mitochondria) and supernatant 
(cytoplasm). In this way the two enzymes may be 
separated : 


xanthine — uric acid 
uric acid allantoin 


cytoplasm : 
“residue’”’ : 


Since xanthine is measured in the reaction, it should be 
possible to observe an increase in the disappearance of 
xanthine when the uricase-containing residue is added 
to the cytoplasmic xanthine oxidase. The stimulation 
is due to the law of Mass Action wherein the rate of the 
forward xanthine oxidase reaction at given enzyme 
concentration may be estimated: 


Rate forward © [xanthine] 
and the reverse reaction may be estimated: 
Rate reverse © {uric acid] 


The forward reaction continues until equilibrium is 
attained. If the concentration of the product, uric 
acid, is decreased owing to the action of residue uricase, 
the xanthine oxidase reaction should proceed further 
to the right, thereby increasing the total disappearance 
of xanthine from the system. This experiment will 
illustrate the linking reaction of cytoplasmic xanthine 
oxidase to mitochondrial uricase by separation and 
recombination of the enzymes using xanthine dis- 
appearance! as a measure of the reaction. Recent 
reports show that other products have been forme: by 
uricase oxidation of uric acid,‘ but a discussion o! the 
recent findings of uricase reaction products is not per- 
tinent here. 

When the reaction is catalyzed by fraction 1 (homo- 
genate), fraction 2 (supernatant), fraction 3 (superna- 
tant + residue) or fraction 4 (residue alone), it is pos- 


1 Litwack, G., J. W. J. N. JR., AND 
C. A. E.vensem, J. Biol. Chem., 200, 303-10 (1953). 

VitteLa, G. G., E. Mrriprert, anp O. R. Atronso, \ «lure, 
175, 1087 (1955). 

Scuern, A. H., E. Popper, anp A. B. Novixorr, Fed. /’’0¢., 
9, 224 (1950). 

‘ Husscuer, G., H. Baum, anp H. R. Manter, Bioche. ¢ 
Biophys. Acta, 23, 43-53 (1957). 
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sible to demonstrate, very conveniently, increased 
activity when xanthine oxidase is coupled to isolated 
uricase. 


THE EXPERIMENT 


Reogents: 40% sodium tungstate (30 ml. per experiment); 
2N H.SO, (30 ml. per experiment); Folin-Ciocalteu Reagent® 
(diluted 1:1; 30 ml. per experiment); saturated Na,CO; (130 ml. 
per experiment); 0.04 M stock xanthine (dissolved by heating at 
90°C. with dropwise addition of 1 N NaOH; pH should not ex- 
ceed 10, 2.4 ml. per experiment); 0.04 M phosphate buffer, 
pH 7.4 (ca. 110 ml. per experiment). 

Materials: 8 large- (21 X 170 mm.) and 50 standard-sized 
(16 X 150 mm.) test tubes; 37°C. water bath (or beaker and 
thermometer); Whatman No. 1 filter paper; test tubes; direct- 
reading photoelectric colorimeter; 1-ml. volumetric pipets; 1- 
ml. graduated pipets; refrigerated centrifuge. 

Enzyme Fractions: All of the enzyme fractions should be pre- 
pared just before class use. Suitable preparations may be ob- 
tained, however, if the fractions are made as early as 3-4 hours 
before use and stored in the cold. 

(1) Homogenate: To a chilled and blotted sample of fresh 
rat liver (16.0 g. per experiment), add 5 volumes of cold 0.04 M 
phosphate buffer, pH 7.4. Mince in a Waring blendor 1-2 min. 
or homogenize in a Potter-Elvehjem glass homogenizer. Divide 
the homogenate (56 ml. per experiment) into 2 equal parts. Store 
one part in the cold and use the other for the preparation of super- 
natant and residue fractions. 

(2) Supernatant: Centrifuge the appropriate volume of 
homogenate at 20,000 X g. for one hour in the cold. Pour off the 
clear supernatant and add buffer to bring the total volume to that 
of the homogenate before centrifugation. Store in the cold (28 ml. 
per experiment). 

(3) Residue: Suspend the centrifugate in 0.04 M phosphate 
buffer so that the total volume equals 40% of the final volume 
of the supernatant fraction. This has been found to be a con- 
venient dilution of the residue. Store in the cold (12 ml. per 
experiment). 

Procedure: Components are added to 8 large test tubes as 
follows: tubes 1 and 2, 3 ml. buffer and 7 ml. homogenate; tubes 
3 and 4, 3 ml. buffer and 7 ml. supernatant; tubes 5 and 6, 7 ml. 
supernatant and 3 ml. residue, and tubes 7 and 8, 7 ml. buffer and 
3 ml. residue. 

Incubate all tubes at 37°C. for 20 min. to reduce endogenous 
activity (due to xanthine already present in the tissue prepara- 
tions). After 20 min. incubation add 0.6 ml. xanthine solution 
to tubes 1, 3, 5, and 7; shake and immediately withdraw 1-ml. 
aliquots from each tube for a zero time value. Record the time 
of each xanthine addition. To tubes 2, 4, 6, and 8, which serve 
as controls, add 0.6 ml. of water; shake and immediately with- 
draw 1-ml. aliquots for zero time values. All aliquots are pipet- 
ted directly into appropriate test tubes containing 1 ml. sodium 
tungstate solution, 5 ml. H,O and 1 ml. 2 N H,SO, to stop the 
enzymatic reaction. Twenty-four such tubes are required for 
each experiment. One-ml. aliquots are again withdrawn at ex- 
actly 15 and 30 min. after addition of xanthine or water and these 
aliquots are immediately pipetted into test tubes containing the 


Foun, O., anp V. Croca.rev, J. Biol. Chem., 73, 627 (1927). 


tungstate-water-sulfuric acid mixture. After all of the 24 aliquots 
have been taken, dilute each tube to 10 ml. final volume with 
H,O and mix well. Filter the precipitate in each tube using What- 
man No. | filter paper.- Pipet 0.5 ml. of each filtrate into a clean 
test tube. Add 2.5 ml. H,O, 1 ml. diluted Folin-Ciocalteu reagent 
and finally 5 ml. saturated Na,CO;. Mix well. 

Reagent Blank and Optical Density Determinations: To a clean 
test tube add 1 ml. tungstate, 8 ml. H,O and 1 ml. H,SO,. Mix 
well. Pipet 0.5 ml. of this mixture into a second tube, add 2.5 ml. 
H,O, 1 ml. diluted Folin-Ciocalteu reagent, and 5 ml. saturated 
Na,CO; and mix well. 

After 20 +5 min. at room temperature, read the optical 
density at 660 my in a direct-reading photoelectric colorimeter 
first setting the instrument to 100% transmission with the re- 
agent blank. The setting should be repeated before reading each 
tube to correct for any drift. 


RESULTS 


A typical result from this experiment is shown in 
the table. 

When tubes 1, 3, 5, and 7 (+ xanthine) are corrected 
for control tubes 2, 4, 6, and 8 (no xanthine) the activity 
values (A optical density, 660 mu / 30 min.) become: 
homogenate (both enzymes), 0.024; supernatant (xan- 
thine oxidase), 0.022; supernatant + residue (both 
enzymes), 0.047; and residue, 0. There seems to be 
greater possibility for coprecipitation of xanthine in the 
more concentrated homogenate. This is supported by 
observing the differences in the zero time values (tube 1 
compared to3 and 5). It is quite obvious that a 2-fold 
increase in activity is obtained when a supernatant 
is supplemented with residue, compared to super- 
natant alone, confirming a link between the 2 enzymatic 
reactions. Residue by itself, shows no activity towards 
xanthine (tubes 7 and 8). 

An enzymatic chain reaction would normally be 
expected to occur in the same cellular fraction or in 
close proximity. It has been well established that 
uricase is located in the mitochondrial fraction.** It 
is also well established that xanthine oxidase is readily 
obtained from the soluble (cytoplasmic) fraction of 
liver homogenates. Paper electrophoretic experi- 
ments® with rat blood serum have shown that xanthine 
dehydrogenase migrates with the globulin fraction and 
it has been suggested that the enzyme is bound to 
lipoproteins. It seems possible that xanthine oxidase 
may be loosely bound to lipoprotein or fat bodies at the 
surface of mitochondria, a hypothesis which would per- 
mit the chain oxidation of xanthine to allantoin to 
occur within efficient spatial relationship. 


Mitipreri, E., L. P. Rrperro, O. R. Arronso, G. G. 
VILLELA, Biochim. et Biophys. Acta, 17, 587 (1955). 


Optical Density Measurements on Aliquots from Enzyme Systems : 
density 
660 mu 
Time Tube Tube Tube Tube Tube Tube Tube Tube 
(min.) 1 2 3 4 6 6 7 8 
0 0.314 0.082 0.324 0.088 0.362 0.121 0.272 0.024 
15 0.285 0.072 0.298 0.078 0.330 0.112 0.270 0.020 
pe 30 0.274 0.066 0.286 0.072 0.300 0.106 0.260 0.012 
R., AND 
Activity 
Nature, ss (30) 0.040 0.016 0.038 0.016 0.062 0.015 0.012 0.012 
Prot, 
he m, et 
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OLUME 35, NO. 7, JULY, 1958 359 


AN INEXPENSIVE CONTINUOUS PAPER 
ELECTROPHORESIS APPARATUS 


A.wmosr 60 years ago Hardy observed that denatured 
egg albumin would, under appropriate conditions, 
migrate in an electric field. This fundamental ob- 
servation has developed into a very useful tool for 
biochemistry, immunochemistry, and allied fields. 
The classical Tiselius apparatus allows ampholytes 
to migrate in a buffered solution. In the more con- 
venient paper electrophoresis the charged molecules 
move on filter paper saturated with buffer. From the 
migration one can determine the isoelectric ranges of 
amino acids, proteins and protein conjugates, de- 
termine the chemical characteristics of the non-pro- 
tein moieties, approximate dye binding capacities, 
and fractionate complex biological fluids. In clinical 
research the paper electrophoresis of human sera 
together with appropriate staining has become a 
popular tool for characterizing pathological conditions. 

Continuous paper electrophoresis is a comparatively 
simple and economical fractionation technic, The 
principles and applications of the method may be 
found elsewhere (/-3). The American pioneer report 
(4) and subsequent papers (5, 6) did not give details 
of construction or dimensions for fabricating a suit- 


Figure 1. Continuous Paper Electrophoresis Apparatus 


A, peaked roof; B, thermometer position; C, C’, electrolyte inlet; D, 
sample reservoir; EZ, upper electrolyte trough; F, F’, overflow; G, support- 
ing frame; H, H’, condensation drain guides; J, side panel; J, J’, electrolyte 
vessels; K, K’, platinum foil electrodes; L, L’, overflow; M, M’, power con- 
tact; N, overfiow vessel; O, collecting tubes and rack; P, leveling screws. 

The pattern was made with human serum under the conditions described 
(see text). 


WILLIAM G. GLENN and HEINZ A. JAEGER 
School of Aviation Medicine, USAF, 
Randolph Air Force Base, Texas 


able apparatus. It is the purpose of this report to 
(1) provide sufficient detail to enable the construction 
of an inexpensive continuous paper electrophoresis 
of the hanging curtain type, and (2) indicate some 
pertinent results obtained during the last six months 
with this apparatus. 

The material cost of the completed apparatus was 
estimated as $50 without the variable transformer 
(Variac). 


APPARATUS 


One-fourth inch plexiglas was used for the basic 
apparatus. The removable baffles in the electrode 
wells were of 1/; in. material cut out on the bottom to 
allow free interchange of buffer (Fig. 2, J Sect.). 

For each electrode vessel, 6 in. of platifum wire 
(22 gauge) was shaped to hold 1 dwt., of 0.001 in. 
platinum foil (4.5 sq. in.). 

Whatman No. 3 filter paper curtains were cut ac- 
cording to the dimensions given by Durrum (4) and 
Kulick (6). 

The power supply shown in Figure 3 was a standard 
design with half-wave rectification and a condenser 
input filter. The output voltage was controlled by 
an adjustable transformer (Variac) connected to the 
plate transformer; and a filament transformer con- 
nected directly to the 115-volt a.-c. source.! 

The curtain is hung from the buffer trough (Fig. 
1, Z). A constant flow of buffer (approx. 100 ml. hr.) 
is allowed to overflow into the anode well during 
operation. 

When the apparatus is level, the initial electrolyte 
flow on the curtains will progress downward as 2 uni- 
form horizontal line. Once the sheets are wetted, 
the current is applied. After a stable potentia! gra- 
dient is established (1-2 hr.), the material to be ~epa- 
rated is introduced through the thermometer hole 
(Fig. 1, B) into a shallow Petri dish or watch glass. 
Different substances may be separated on each curtain 
if desired. These should be previously di: 'vzed 
against the diluted buffer for at least 24 hours. 

As examples of the uses to which this app:::itus 
can be put, it has been used in our laboratory to | rac- 
tionate animal sera and determine the isoe! tric 
range of glycoproteins (mucoproteins). For th: sera 
fractionations, in most cases, the buffer was 0.05 
sodium barbital-0.003 M diethyl barbituric id, 
pH 8.5-8.6, ionic strength 0.018. This buffer give a 


1 Appreciation is expressed to Mr. F. Brogan, Audio etry 
Section, School of Aviation Medicine, USAF, for these «tails 
and the circuit diagram (Fig. 3). 
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Electrophoresis Apparatus 


of Conti 


Figure 2. Dismantled Const Repr 


Dimensions are given in inches. 


stabilized intensity of 600 v., 9-10.5 ma., or 700 v., 
15 ma. The higher voltages were used for separation 
of ethanol precipitated human plasma fractions. Tem- 
peratures ranged from 22°-27°C. under these condi- 
tions when the room temperature was 22°—24°C. 

The fractions collected from the drip-points were 
dialyzed against saline and concentrated by evapo- 


Figure 3. Power Supply Circuit for Continuous Paper Electrophoresis 


Variac, type 2 PF 1126 (2 amp. or more is sufficient). 7-1, power trans- 
former, Thordarson type (T-22R31); 7-2, filament transformer, Thordar- 
son type (T-21F03); L-1, filter choke, Thordarson type (T-20051); C-1, C-2, 
electrolytic condensers, 4 mfd., 1500 v., Sprague type (CR415); F-1, fuse, 
fast-blow, */s amp.; M-1, 0-1500 v.d.c. meter; M-2, 0-50 ma. meter; V-/, 5 
U4G tube. 


RESULTS 


The typical pattern obtained with human serum 
after treatment with bromphenol stain (1) is shown 
in Figure 1. One to two milliliters of protein was 
usua!ly added to the reservoir at hourly intervals to 
maintain the level. 
were homogeneous only insofar as they represented 
substances within a narrow isoelectric range. Re- 
fractionation was often necessary to obtain serological 
homogeneity by serum agar column assay (7). 
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Fractions collected from the tabs . 


See Figure 1 for reference letters. 


This apparatus has also been successfully used to 
determine human plasma fraction homogeneity. Al- 
though zone electrophoresis (Durrum hanging strip 
type) repeatedly showed a single zone for Cohn frac- 
tion II, this continuous curtain method gave evidence 
of a beta component. .\lso, both fraction V and 
commercially prepared human serum albumin each 
showed wide isoelectric ranges. This information 
was especially important since such fractions were 
subsequently used for absorptions in_ serological 
analyses. 

The inexpensive continuous paper electrophoresis 
apparatus described above seems both convenient 
and practical for fractionation of animal sera. In 
addition to the uses indicated above, the apparatus 
can be used to determine the homogeneity of various 
kinds of amphoteric materials, separate inorganic 
elements and compounds, and function as an educa- 
tional tool from which to learn the basic principles 
of electrophoresis. 
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Chemical Society 


A.A.A.S. COOPERATIVE COMMITTEE ON TEACHING OF SCIENCE AND MATHEMATICS 


Tue Cooperative Committee, as it is usually referred to, was 
originated in 1941 by representatives of five professional societies 
to work on educational problems, the solution of which can best 
be obtained by cooperative action. Three years later it was 
reorganized as a committee of the American Association for the 
Advancement of Science. An invitation to the associations to be 
represented on the Committee is approved by the Cooperative 
Committee and issued by the Executive Committee of the 
American Association for the Advancement of Science. In 
general, for a given science, there has been a representative of the 
teaching association of that science and a representative of a 
professional society. The present membership includes: 

Academy Conference of the A.A.A.S., American Association 
of Physics Teachers, American Astronomical Society, American 
Chemical Society, American Institute of Physics, American 
Nature Study Society, American Society for Engineering Educa- 
tion, American Society of Zoologists, Association of Geology 
Teachers, Botanical Society of America, Central Association of 
Science and Mathematics Teachers, Division of Chemical 
Education of American Chemical Society, Board of Directors of 
the A.A.A.S., American Geological Institute, Engineers Joint 
Council, Mathematical Association of America, National Associa- 
tion of Biology Teachers, National Association for Research in 
Science Teaching, National Council of Teachers of Mathematics, 
National Science Teachers Association, Section Q (Education) of 
the A.A.A.S. 

The American Chemical Society was representated on the 
original Committee by the late B. 8. Hopkins of the University 
of Illinois, and Martin V. McGill, then of the Lorain High School, 
Lorain, Ohio. Professor C. H. Sorum of the University of Wis- 
consin succeeded Dr. Hopkins, and the Society is presently 
represented by Dr. C. L. Agre of St. Olaf’s College. Dr. L. L. 
Quill represented the Division of Chemical Education for a 
period of 12 years and was vice-chairman during his last year of 
service on the Committee. He was succeeded by F. B. Dutton. 
Except for occasional grants for special projects, the Committee 
has operated without funds of its own, and a condition to member- 
ship on the Committee includes at least a moral obligation on the 
part of the organization being represented to cover the expenses 
of its representative to at least one meeting per year. 

The Committee normally meets twice a year for a two day 
period. Early on the agenda of each meeting is a survey of the 
activities of interest to those concerned with education in science 
and mathematics undertaken by all agencies known to the mem- 
bers of the Committee. This has been a most valuable exchange 
of information and has frequently resulted in cooperative efforts 
which have become much more significent than they would have 
been had they been supported by a single agency. 

The Committee selects its own chairman and secretary. The 
first chairman was Robert J. Havighurst. He was succeeded 
by Professor K. Lark-Horovitz whose interest and energies did 
much to shape the program of the Committee, and his influence 
continues to be felt although he no longer meets with the Com- 
mittee. Dr. Morris Meister, of the High School of Science in 
New York, and Dr. John R. Mayor complete the list of past 
chairmen. Dr. J. W. Buchta, Associate Dean at the University 
of Minnesota and representative of the American Institute of 
Physics, is the current chairman. 

Perhaps the most significant contributions of this Committee 
have been in the realm of intangibles. It has had much success 
in encouraging and coordinating many of the activities of the 
organizations represented by its membership. 

One of the first contributions from the Committee was publi- 
cation of a preliminary report on ‘Preparation of High School 
Science Teachers.’’ This was followed in February, 1946, with 


1 Available from the Director at the American Association for 
the Advancement of Science, 1515 Massachusetts Avenue, 
Washington 5, D. C. 
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the publication in School Science and Mathematics of Report No. 
4 entitled the “Preparation of High School Science and Ma‘ 
matics Teachers.’? This document contains specific 
mendations for consideration of those who are concerned with 
writing requirements for state teacher certification. These rec- 
ommendations are currently being revised by a subcommiitee 
under the chairmanship of Dr. A. B. Garrett, long active in and 
a past chairman of the Division of Chemical Education, who is 
currently representing the Board of Directors of the American 
Association for the Advancement of Science. Your Division 
representative and Dr. Wayne Taylor, also a Division of Chem- 
ical Education member who represents the American Association 
for the Advancement of Science Academy Conference, are serving 
with this Committee. 

On two occasions the Committee has responded to requests 
from national government agencies which have resulted in re- 
ports of considerable magnitude. One of these is Volume 4 of the 
so-called Steelman Report, and the second was a document for 
UNESCO which was designed to assist devastated countries in 
the reconstruction of their teaching facilities. On numerous 
occasions the Committee has held one of its semiannual meetings 
in conjunction with the United States Office of Education. The 
Committee has been asked to serve in a consultative capacity 
on numerous occasions by cooperating with such organizations 
as the Ford Foundation’s School and College Study of Admission 
with Advanced Standing. 

The largest activity undertaken by the Cooperative Commit- 
tee was the formulation and execution of the Science Teaching 
Improvement Program (STIP) which was made possible by a 
grant of three hundred thousand dollars over a three-year period 
by the Carnegie Foundation of New York. A unique aspect of 
this effort was an experimental program on the use of science 
counselors operating from four centers located at The Pennsyl- 
vania State University, The University of Nebraska, The Univer- 
sity of Texas, and The University of Oregon. Each Center was 
provided with funds for the employment of two counselors who 
worked intensively with a selected series of high schools within 
their general geographic location. 

The Director of STIP and his staff have taken leadership in 
(1) encouraging colleges and universities to develop more realistic 
programs in teacher education in which academic staff members 
are involved, (2) developing more active relationship between 
colleges and universities and the secondary schools, and (3) vig- 
orously representing the contributions of academic departments 
in discussions of teacher certification. Members of the in- 
structional staffs of the academic departments of colleges and 
universities have been invited to meetings on certification as the 
result of suggestions made by the Director of STIP. The re- 
sults of the program have been published in a series of reports 
on the Science Teaching Improvement Program.' 

The Committee has regularly sponsored a program in connec- 
tion with the annual meeting of the American Association for the 
Advancement of Science, the most recent being a round table 
discussion on the general topic ‘“Teacher Certification, Content 
versus Method, Marriage or Divorce’’ at the Indianapolis :eet- 
ing in December, 1957. The Division’s representative serve! as 
chairman for this session and the Division was further represented 
by one of the panelists, Dr. E. C. Fuller, Chairman of the Di- 
vision’s Committee on the Teaching of Chemistry, who presented 
the case for “‘content.”’ 

The Division can take. pride in the fact that it has supp 'ted 
and contributed to the work of the Cooperative Committee wich 
has recognized many of the problems of science and mathen ''!cs 
education and which began searching for solutions sixteen ) «:i!S 
before the earth satellite focused the attention of the ge:ral 
public on its schools. 

Freperic B. Dut?’ 


LavRENCE L, QUILL 
MicuHiGan State UNIVERSITY 
East LansineG, MICHIGAN 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


THE USE OF ‘““PARALLEL SAMPLES” IN 
QUALITATIVE ANALYSIS COURSES' 


As rae 130th American Chemical Society meeting in 
Atlantie City, the Division of Chemical Education held 
a symposium on “Qualitative Analysis—What, Why, 
How?’? The symposium recognized that the trend 
in college curricula today is to eliminate qualitative 
analysis as a separate course and combine it with the 
course in general chemistry. It is not the purpose of 
this note to debate the merits of this current approach, 
but rather to recognize the lessened time available 
as a fact and to suggest one procedure to ameliorate 
the situation. 

As an alternative to analyzing separately the known 
and then the unknown, as is done in some schools, the 
author suggests that the student analyze the known 
and unknown simultaneously, “in parallel.” This 
procedure is particularly convenient in semimicro 
courses where centrifugal separation is used instead of 
filtration. Instead of counterbalancing the tube con- 
taining his known solution with a tube of water, the 
student uses a test tube containing his unknown. 

The most obvious advantage of this proposed method 
is the saving in time, a precious commodity in today’s 
“qual” course. This saving in time may help prevent 
undue pressure and restore the fun that should be part 
of a good course. 

Secondly, the new procedure vividly introduces the 
student to the important concept of the control. The 
author has observed that some students fail to see the 
link between the known and the unknown, especially 
when a period of time has elapsed between the two, as 
is often the case under the alternative system. The 
student viswally compares his unknown with his known 
rather than mentally comparing it with a written de- 
scription in his notebook. Often, in order to dis- 
courage “dry labbing,’’ we tell students that many color 
reactions, precipitates, etc., cannot be adequately 
described in words, but must actually be seen. What 
better way is there to drive this point home than to have 
the student actually make the comparison? 

A third advantage of the new method is its effective- 
hess in reinforcing the value of the unknown as the 
student’s first and best opportunity to utilize the 
scientific method and to build confidence in his own 


* Presented before the Division of Chemical Education at the 
133rd Meeting of the American Chemical Society, San Francisco, 
April, 1958. 

*130th Meeting, American Chemical Society, Atlantic City, 
September, 1956; J. Cuem. Epuc., 34, 387-402 (1957). 
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GEORGE B. KAUFFMAN 
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practical scientific ability. Often instructors are 
plagued by students who rush up to them waving a 
test tube and ask, “Do I have sodium in my unknown?” 
If the student were holding a test tube containing a 
known in his other hand, his question would be 
answered in many cases. Most students will eagerly 
meet the challenge of unknowns as a test of their ability, 
and they are often happier if they can be on their own 
and not depend on the instructor for decisions. Thus, 
the anti-authoritarian nature of science is practiced 
as well as preached. 

As a logical extension of the “parallel sample” idea 
that requires only a slightly greater expenditure of time, 
some students may wish to analyze a third sample, a 
blank. Comparing his unknown with his known and 
blank will usually help the student make up his mind 
and also demonstrate to him that what he is seeking 
is not merely a result which occurs when the ion in 
question is present, but that this result must be differ- 
ent either in kind or degree from that which occurs 
when the ion is not present. This additional check is 
particularly helpful with ions which usually cause 
students difficulty such as nitrate or antimony. 

One objection to the new method is that the student is 
deprived of the opportunity of a “dress rehearsal un- 
known” during which he can correct his misconceptions 
in theory and errors in technique either by himself or 
with help from his instructor. In the proposed pro- 
cedure the student plunges directly into the unknown 
(after perhaps performing some preliminary experi- 
ments to acquaint him with techniques and to give him 
an over-all view of the procedure) without the possi- 
bility of having the results of his known checked and, 
if necessary, corrected. The student, however, is 
aware that this is the real thing, and he is thus likely to 
do a more painstaking and thoughtful job both on his 
known and unknown than he would do in following the 
alternative procedure. 

The new method has been tried on a limited scale 
both at the University of Texas and at Fresno State 
College without undue complication. The students 
are enthusiastic; in fact, when given a choice, most 
students have preferred the new method to the separate 
analysis of known and unknown. Moreover, the classes 
show about the same grade distribution on unknowns 
as they did under the alternative system. 

Clearly, the method has some drawbacks, but none 
of them is insurmountable. This modification is not 
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offered as a panacea for those problems besetting the 
“qual” course at this critical stage in its development. 
It is merely an alternative to the practice of running a 
known and then an unknown, which itself is only one 
method of teaching ‘qual’ in the laboratory. Like 
any method, the one suggested here can be abused or 
mishandled. Obviously, it would not be applicable to 
the ideal case in which the student derives his own 
scheme of analysis, as is done in some forward-looking 
laboratory manuals recently published. 

Flexibility and variety are the essence of good teach- 
ing. Perhaps an instructor may wish to experiment 
with the method or may even use it occasionally as a 
welcome variant in those courses which have become 


too routinized. The author welcomes any criticism 
and comments. 


OFFICERS 
Northern Section of the PSACT 


Chairman: James A. Ice, San Mateo College 

Chairman-Elect: Gerald A. Ballou, San Francisco Sta:e 
College 

Secretary: Gerald Thomas, San Francisco State College 

Treasurer: Malcolm Holmberg, Modesto Junior College 


THE SOLUBILITY CURVE OF BORAX: A 
STUDENT LABORATORY EXPERIMENT 


Tue usual first laboratory experiment in titration is 
an acid-base balance in which students either prepare 
a solution and standardize it against a primary stand- 
ard, or compare an unknown acid or base with a given 
standard. We have always done one of these, but 
have had the feeling that, despite our best efforts, a 
single titration experiment is not enough. Getting 
lost in the welter of detail, the student does not really 
understand all that he is doing, and completely misses 
the point that a volumetric method is a quick and 
easy way to carry out an accurate analysis. While 
searching for a follow-up exercise to emphasize this 
latter point, we have worked out.a successful exercise 
which not only involves multiple quick analyses, but 
also illustrates another important aspect of solutions— 
the solubility curve. The experiment has other ad- 
vantages: It uses a standard method of analysis; it 
involves cheap and readily available chemicals; it 


ROBERT D. EDDY 
Tufts University, Medford, Massachusetts 


illustrates the use of a strong acid in a process other 
than neutralization; its calculations are simple If 
one desires, it can provide an excellent opporti nity 
for a discussion on the choice of indicator, and 0: the 
indicator problem in general. 

There are some difficulties which will become ap- 
parent the first time the experiment is run. Be: ‘use 
these can all be surmounted with a little though’ ind 
effort, this exercise might well be the beginning «' an 
excellent “open-ended” study. Given more me 
than the single laboratory period we allot to the xer- 
cise, any student should be able to prepare a «ve 
with a high order of accuracy. We have chose. to 
ignore the obvious errors and to be satisfied wit a0 
approximate answer, but others might well pier 
the opposite approach. Among the main source- of 
error are the following: The solutions are so vi»: 0US 
that the finest crystals do not settle out in the ‘:me 
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allotted; there is. no provision for back-titration if 
one oversteps the end point; spacing the experimental 
points at uniform ten-degree intervals does not give 
points which are uniformly spaced on the resulting 
grap. In ten to fifteen per cent of our graphs, the 
high-temperature point does not lie on the curve, 
suggesting that these students may be determining 
a point on the curve of some other hydrate. When 
one :ttempts to compare his results with those in the 
liter:ture, he finds that his are in molarity, whereas 
the literature values are in molality (or in grams of 
salt per 100 grams of water.) This may well be an 
advantage, as it serves to illustrate that there is a 
difference, particularly in concentrated solutions. The 
difficilty could be experimentally resolved if one 
weighed his samples as well as measured their volume. 


DIRECTIONS GIVEN TO STUDENTS 


The purpose of this exercise is to determine the solubility curve 
of borax, Na2B,O710H,0, in water over the temperature range 
20°C. to 60°C. The decahydrate loses water at 61°C., so the 
curve cannot be extended above that temperature. The curve 
could be extended downward below zero to the freezing point of 
the saturated solution, though it is not convenient to do so in 
the time available. Over the temperature range to be studied, 
saturated solutions will be prepared at approximately ten- 
degree intervals. Five-milliliter portions of each will be col- 
lected and analyzed. The method of analysis involves the 
titration of the borax with 0.25 M HCl using methyl red as an 
indicator. This is not an acid-base reaction in the usual sense, 
but is a displacement reaction in which the weak boric acid is 
displaced by the stronger HCl. 


Na2B,O; + 2HCl + 5H.0 > 2NaCl + 4H;BO; 
Preparation of Samples 


Measure exactly 5 ml. of water into each of five separate test 
tubes. Mark the level on each with gummed paper. Pour 
out the water and let the tubes drain while carrying out the next 
operation. 

Using a small beaker, and a thermometer for a stirring rod, 
prepare a saturated solution of borax at 65°C. This may be 
done either by adding 16 g. of anhydrous salt to 64 ml. of water 
or 31 g. of decahydrate to 49 ml. of water. Stir the mixture long 
enough and thoroughly enough to make sure that the solution is 
really saturated. Excess solid must be present; more can be 
added if necessary. Remove the beaker from the heat and stir 
itsteadily as it cools to 60°C. When this temperature is reached, 
drop in a seed crystal of decahydrate to make sure the right crys- 
tal form is present. Stir for about 10 seconds and let the beaker 
stand with the thermometer in it to allow the solid to settle out. 
Now set the marked test tubes in the rack and number them 
from 1 to 5. When the solid has settled out, read and record the 
temperature, and immediately decant enough of the supernatant 
liquid into test tube #1 to fill it exactly to the 5 ml. mark. 

Immerse the beaker in cold water and stir with the thermometer 
until the solution cools to 52°C. Take the beaker out of the 
water and stir for another minute. Let the system stand until 
the solid settles out. Read and record the temperature. Im- 
mr decant exactly 5 ml. of the supernatant liquid into test 
tube #2. 

Cool to 41°C. and repeat, using test tube #3. Cool to 30°C., 
and repeat, using test tube #4. Cool to 20°C., and repeat, 
using test tube #5. Put excess solid and mother liquor in the 
bottle fr borax residues. 


Analysis of Samples 


Anal-ze the contents of each test tube one at a time as follows, 
beginni.g with test tube #1. Transfer the contents to a 400-ml. 
beaker sy dissolving the solidified mass in water and rinsing the 
test tule several times with additional portions of water. The 
process of solution will take place better if the tube is warmed 
slightly and stirred with a glassrod. Make sure that all the borax 
is trans/crred to the beaker and dissolved. Add enough water to 
make a ‘otal volume of 200 ml. and warm if necessary to dissolve 
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all solid. Add two or three drops of methyl red. Clean a buret, 
rinse it with standard 0.25 M HCl and fill it with the standard 
acid, making sure that the rubber connection and glass delivery 
tip are completely filled. Take the initial reading and titrate to 
the end point. The methyl red will change from a yellow to a 
salmon pink when the reaction is complete. Because there is no 
provision for back-titrating, care must be taken to avoid over- 
stepping the end point. Determine the volume of acid required 
to the nearest 0.25 ml. and record it. Discard this sample, rinse 
out the beaker, and determine the contents of test tube #2 in 
exactly the same way. Remember that the solubility of borax is 
considerably less at the lower temperature and proportionately 
less acid will be required. Analyze the contents of test tubes 
#3, #4, and #5 in exactly the same way. 


Calculations 


Because the standard acid is 0.25 molar, the concentration of 
the borax can be determined by the following equation (verify 
this): 

‘ 0.25 1000 1 
Molarity of borax = ml. of acid X 1000 x — x 2 

Calculate the molarity of the saturated solution at each tem- 
perature and plot the solubility curve in molarity against tem- 
perature. 


1.60 


Molarity 


20 30 40 
Temperature, °C. 


The Solubility of Borax 


TYPICAL RESULTS 


The table shows results typical of a student’s entries 
in a sample data sheet. The figure shows these plotted 
in the required form. 

Borax was taken from a freshly opened one-pound 
box of Twenty Mule Team Borax marked “99'/.-100 per 
cent pure” (cost, 22 cents). The manufacturer identi- 
fies this as originally a hydrate by the statement ‘Borax 
may lose weight due to natural evaporation of part of 
its water of crystallization .. .”” Therefore, the experi- 
ment was performed as described for a sample of 
decahydrate. The preparation of saturated solutions 
using such proportions was satisfactory. The hydro- 
chloric acid used was exactly 0.25 M. 


Form of Data Sheet and Typical Results 


Test Initial Final Vol. HCl Molarity 
tube Temp., buret buret to nearest of 
no. reading _reading 0.25 ml. 


0. 5 49.0 
0. 28. 28.25 
13.25 
4. 23. 


8.75 
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To the Editor: 

I would like to add some notes to the article by 
James E. Boggs entitled “The Logarithm of “Ten 
Apples.’ ”’! He gives no explanation of the rule that 
one may not take the logarithm of a physical magnitude, 
but only the logarithm of a number. 

The Napierian logarithm of the number 10 is de- 
fined? as the “area” under the curve y = 1/zx from 
x = 1 tox = 10, that is, as the integral 


10 


It might, therefore, be thought that the Napierian 
logarithm of “10 apples” could be defined as the di- 
mensionless “area” under the curve y = (1/zx) “re- 
ciprocal apples” from xz = 1 apple to x = 10 apples, so 
that In “10 apples” ~ 2.303. That this leads to an 
inconsistency can be shown by its application to an im- 
portant example, namely pH = —logy [H*]. Let 
[H+] = 10 mole 1.-! By adapting the definition just 
described for Napierian logarithms to define Brigg- 
sian logarithms, it follows that pH = —logy “10 
mole 1.-”’ = —1 and that pH is a number. Then 
[H+] = 10-7" = 10 is a number, whereas it is also the 
physical magnitude 10 mole |.~! This inconsistency is 
removed by insisting that one must use only numbers 
and not physical magnitudes as exponents of numbers 
(e or 10 asarule). 

There are at least two methods, in addition to the 
primed symbol method used by James E. Boggs,' 
to indicate that a symbol stands for the numerical 
measure of a physical magnitude in certain units. 
Examples are: (1) In the equation pH = —logio 
[H+], [H+] is to be taken to mean the numerical 
measure of the concentration in mole 1.~!, so that if 
[H+] = 10 mole 1.~!, this measure is 10 and pH = 
—logio 10 = —1. Objections to this procedure have 
been given by Sir Harold Jeffreys.* (2) The method 
dealt with at length by E. A. Guggenheim‘ may be 
used, according to which pH = —logy ({H*+]/mole 
1.-'), the symbol [H+], like other symbols in general, 
being used to represent a physica. magnitude, say 
[H+] = 10 mole 1.-', in which case pH = —logy 10 = 
—1. This method has the great advantage of indi- 
cating the units in which the physical magnitudes in an 
equation are to be expressed. For example, in the 


1 Boaas, J. E., J. Cuem. Epuc., 35, 30 (1958). 

2 Courant, R., anp H. Rossins, “What is Mathematics?” 
Oxford University Press, London, 1941, p. 443. 

‘ Jerrreys, H., “Scientific Inference,” Cambridge, at the 
University Press, 1957, p. 88. 
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equations F — F° = RT In (P/atm.) = RT In (J 7% 
mm.) = RT In (P/1.0132 106 dynes em. ~?) P is 
expressed, respectively, in atm., mm. (of mercury and 
in dynes cm.~*. Method (2) also enables one t» r. 
tain physical magnitudes for equilibrium prov iucts 
(among other things), a procedure adopted by 1: iany 
eminent authors*®*? because it has considerable \ alue. 
especially in teaching. Thus, for the equilibrium 


1/2N2 (g) + = NHs (g) 
at P(atm.) and 7'(deg.), it is possible to write 


K Pyus 


» = Bil, Ke = 
Xvus 


Cnus 
(l. mole™), Kz = 


and 
K, = K.(RT)-! = AF° = —RT In (K, atm.) 
For the equilibrium 


N.(g) + 3H2(g) = 2NH; (8), 

K, = Pa and AF° = —RT In (K, atm.) 
so this notation also indicates, in the general case, the 
quantity of reaction to which its symbols refer. 

For the specific rate constant of a first order reaction 
it is likewise possible to write k (sec.) = Ae~®/®" (sec.), 
since here k and A are frequencies in sec.~! The ex- 
ponent #/RT is a number and requires no modifying 
symbols to be attached to it. The equation denoting 
the equilibrium states through which one mole of an 
ideal gas (which is assumed to have constant heat 
capacities C, and C,) passes during a quasi-static 
adiabatic process may be written in the form 


P V 
(=) (Gases) C,/C, = a constant number 


for pressure measured in atmospheres and volume in 
liters per mole; the exponent C,/C, is clearly a number. 

Finally, following Professor Guggenheim again,’ 
it is desirable to insist that graph coordinates should 
always represent numbers, not physical magnitudes. 
This explains the anomalous result obtained above, by 
the customary graphical method, that In “10 apples” 
~ 2.303. The graph should have been one of the 


1 
dimensionless number y = ;/ apples against x ‘apples, 


where x means a number of apples: there is then ob- 
10 


1 
tained the result In (10 apples/apples) = f 7a ~ 2.303 


and this is not in any way different from In 10 ~ 2.303. 
In general this means that “areas” represent«! on 
graphs will also be dimensionless numbers. For 
example, in the familiar method for determini) the 
increase in entropy (AS) due to rise in tempera ire at 
constant pressure from information concernii: the 


4 Guecennem, E. A., anv J. E. Prus, “Physiochemic Cal- 
culations,” North-Holland Publishing Co., Amsterdam, 1955, p. |; 
Gueeenuer, E. A., “Thermodynamics: An Advance: |reat- 
ment for Chemists and Physicists,” North-Holland Pv» shing 
Co., Amsterdam, 1957, p. 1. a 

5 Densicu, K., “The Principles of Chemical 
Cambridge, at the University Press, 1955, Chap. 4. 

6 Zemansky, M. W., “Heat and Thermodynamics,” \ :raw- 
Hill Book Co., Inc., New York, 1957, Chap. 18. 

7 E. A., “Physical Chemistry,” mon 
Press, London, 1957, Chap. XX. 
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changes in heat capacity (C,) with temperature, use is 
made of graphical integration to obtain 


in 
= f C, din T 


Cp 
T 
mole! against 7'/deg. and evaluate the ‘area’ be- 
twee. the ordinates at 7;/deg. and T:/deg.; if this 
“are:"’ be A (a number), then A = AS/cal. deg.—! 
mole ~!, since the physical quantity which A represents 
has the dimensions cal. deg.~? mole—! (those of C,/T) 
multiplied by deg. (that of 7’). Alternatively, plot 
deg.—! mole! against In (7'/deg.) and measure 
the between the ordinates at In(7,/deg.) and 
In(T, deg.). If A (a number) be this “area,” then 
4 = AS/cal. deg.—' mole—', since the physical magni- 
tude of which A is the measure has the dimensions 
cal. deg.-! mole! (those of C,) multiplied by unity 
(thos: of In(7'/deg.)). 


The Guggenheim method is to plot /eal. deg.~?* 


G. N. CopLey 
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To the Editor: 

In a recent article by N. O. Smrru (J. Cuem. Epuc., 
35, 125 (1958)) the following question is posed as not 
having been answered to everyone’s satisfaction. 
“Why should an intimate mixture of A and B begin 
to melt at a temperature lower than the melting point 
of both pure components, even when their volatility 
is negligible?” This reader believes that at least one 
answer to this intriguing question is possible if we free 
ourselves of the notion that if the vapor pressure of a 
solid is very low it is “negligible.” 

In at least two fairly recent studies the role of the 
vapor phase in the eutectic fusion of dozens of binary 
and ternary organic systems has been investigated and 
found to be of considerable importance. In one study 
(Sorum, C. H., anp E. A. Duranp, J. Am. Chem. Soc., 
74, 1071 (1952)) it was shown that two solids can be 
caused to melt at their eutectic temperature even if the 
solids are not in physical contact. Some of the organic 
“lids investigated had vapor pressures as low as 10‘ 
mm. In the second investigation (Perruccr, R. H., 
AnD C. H. Sorum, Can. J. Chem., 34, 649 (1956)) it was 
found that liquids obtained by this “non-contact” 
eutectic fusion do indeed possess the composition of the 
eutectic. It was further discovered that liquids can 
be condensed from the vapor state in equilibrium with 
solid mixtures even at temperatures below the eutectic 
lemper:ture; in this case the liquids are actually 
superc: oled solutions. 


Rawpu H. Petrucci 


West): Reserve UNIVERSITY 
CLEVELAND, OHIO 
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To the Editor: 


We are victims of having lost the term “‘cellophane”’ 
as a trademark for our cellulose film, but nylon never 
was a trademark. See “Generic Names of Drugs,” 
J. Cuem. Epuc., 34, 455 (1957). 

The term “nylon” was coined as a new, distinctive 
name because the products it represents were distinctly 
new. However, it was decided at the outset to dedicate 
it in the public domain and it was so announced by the 
late Dr. Charles M. A. Stine on October 27, 1938, at the 
Herald Tribune Forum where the product itself was 
announced. 

Usually, reference to nylon being a lost trademark 
results from confusion with the famed cellophane case. 


H. RuTLEDGE 


TEXTILE Fisers DEPARTMENT, 
E. I. pu Pont pe Nemours & Co. 
WILMINGTON, DELAWARE 


To the Editor: 

In the article by Mysets (J. Cuem. Epuc., 35, 32 
(1958)) the spelling of van’t Hoff and le Bel does not 
conform to that used by the gentlemen themselves: 

J. H. van’t Hoff! spelled his name with a lower case v 
and not a capital V. Irrefutable evidence of this is 
provided by two signed photographs, one in E. Cohan’s 
“J. H. van’t Hoff: Sien Leben und Wirken” and a 
second in Z. angew. Chem., March, 1911. This latter 
was reproduced in Volume II of Bugge’s ‘Das Buch der 
grossen Chemiker”’ (Berlin: 1930). 

The name of le Bel should be spelled with only one 
terminal | as in his paper (Bull. Soc. chim., 22, 337 
(1874)). The use of a capital L! for le is doubtful since 
in his paper the whole name is set in small capitals. 
In the author index for the 1874 volume the name is 
listed as Le Bel under L, but this is more likely to be 
the opinion of the indexer than the usage of the author. 

E. pe Barry BARNETT 


76 LoneripGe Roap 
Lonpon 8.W. 5, ENGLAND 


1 Epitor’s Note: Tuts JouRNAL tries to follow the custom of 
capitalizing particles in foreign names when they are not pre- 
ceded by a Christian name or title, but is glad to observe any 
variations in personal signatures. Do readers like to see a 
paragraph start with a lower-case letter? 


After reading the Editor’s Note in proof, Dr. Barnett addressed 
an inquiry to The Chemical Society, London, and received the 
following response: 

Dear Dr. Barnett: 
Practice of the Journal has been variable in allocating capital 


_ letters when the name of a person has a particle such as de, le, 


or van, particularly when this particle begins a sentence; and 
examples of the variation can be seen also in quite recent issues. 
We have, however, now got a firm editorial ruling. It is to follow 
the usage of the author himself even if this means that a sentence 
begins with a lower case letter; and this applies also to indexes 
where, for instance, we should (now at least) index van der Waals 
under ‘‘V”’ using a lower case letter. We also now write von in 
full even if the author uses the abbreviation. The whole subject 
is complicated by Americanisation which so often loses the 
Continental significance. 


R. 8. Cann, Editor 
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PHYSICAL ORGANIC CHEMISTRY 


Jack Hine, Georgia Institute of Tech- 
nology. McGraw-Hill Book Co., Inc., 
New York, 1956. xiv + 497 pp. 16 X 
24cm. $9. 


Proressor Hine’s text is divided into 
four main sections. The first of these 
deals with a brief review of the tools 
available for the study of reaction mecha- 
nisms. The first chapter covers chemical 
structure and includes an excellent sum- 
mary of resonance and the rules for writ- 
ing resonance structures. The treatment 
is entirely non-mathematical, in fact the 
whole text is obviously written for the 
non-mathematical breed of organic chem- 
ist. The author’s clarity of expression 
is well illustrated in this first chapter. 
Subsequent chapters of Part 1 deal with 
modern concepts of acids and bases with 
considerable emphasis on the Hammett 
equation, a very brief review of kinetics, 
and finally a short chapter on definitions 
and the general classification of organic 
reactions. It is noteworthy that in dis- 
cussing the terms “nucleophilicity’’ and 
“‘basicity’’ Hine chooses to use the defini- 
tions described earlier by Swain, in which 
the former refers to rate and the latter to 
equilibrium. This seems to be unfor- 
tunate and unnecessary as the terms have 
been well defined earlier by Ingold, i.e., 
basicity is simply a special case of nucleo- 
philicity where the nucleus concerned 
happens to be a proton. 

Part 2, the largest section in the text, 
contains chapters discussing the different 
types of ionic organic reactions—nucleo- 
philic and electrophilic substitution, ad- 
dition reactions, elimination reactions, 
acid and base catalysis, esterification and 
hydrolysis, reactions of carboxylic acids, 
and rearrangement reactions. No one 
can quarrel seriously with the content of 
this section. Where controversy exists 
as to the mechanism of a particular re- 
action, as for example in nucleophilic 
aliphatic substitution or in elimination, 
both views have been presented with 
occasional comments stating the author’s 
own opinions. This is an up-to-date, 
scholarly and much needed presentation 
for which the author is to be congratulated. 
However, one is left with the feeling that 
if the term molecularity had been care- 
fully defined early in this section, the 
reader who is unfamiliar with some of the 
past, and current, controversy might find 
the discussion more meaningful. 

The remaining two sections, dealing 
with free-radical and with four-center 
reactions, continue with the same degree 
of clarity and scholarship. 

In the preface Hine states that “the 
book is written primarily for graduate 
students and advanced undergraduates,”’ 
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and that “the unpublished manuscript 
has been used by the author as lecture 
notes for a one-year graduate course.’’ 
The content of the text is so large that 
this can only be construed as a great 
compliment to the quality of the graduate 
students at the Georgia Institute of Tech- 
nology. If taken in smaller doses it 
should serve as a truly excellent text for 
advanced undergraduates, although the 
teacher should be prepared to expand 
somewhat on some sections of Part 1. 

It is perhaps, only natural to compare 
this book with the one by Ingold. In 
general, the latter is more detailed and 
conclusions are supported by a greater 
wealth of experimental detail. Both 
books are beautifully written but Hine has 
given more attention to certain aspects of 
the field which some chemists believe to 
have been slighted in Ingold’s text, and 
for this reason is, perhaps, a better book 
for the novice to read first. However, a 
glance at the author index will quickly 
reveal the debt that chemists owe to the 
English school. 


ERIC S. GRAHAM 
KENYON COLLEGE 
GAMBIER, On10 


TRACER APPLICATIONS FOR THE 
STUDY OF ORGANIC REACTIONS 


John G. Burr, Jr., Atomics International 
Division, North American Aviation, Inc. 
Interscience Publishers, Inc., New York, 
1957. x + 291 pp. 16 X 23 cm. 
$7.50. 


Tuts book is primarily a detailed 
review of the organic reactions in which 
isotopes have been used to elucidate 
the mechanisms. In each example con- 
sidered, evidence from other sources 
has been given. In addition, isotope 
exchange reactions and structural studies 
in which isotopes have been used as tracers 
are discussed, and general considerations 
for the use of tracer methods are given. 

The first chapter is devoted to gen- 
eralizations regarding the use of isotopic 
tracers methods and the remaining 13 
chapters are devoted to applications. 
Three appendixes are included: Appendix 
A lists textbooks and other general ref- 
erence sources concerning the various 
phases of using isotopes; Appendix B 
lists texts on organic reaction mechanisms; 
and Appendix C lists literature references 
which appeared in the years 1953-55 
and earlier literature which was missed 
in the initial survey. 

The literature coverage of the material 
discussed in the body of the text is com- 
plete only through 1952. Since the 
use of isotopes is growing at an ever in- 


creasing rate, it is likely that the nuber 
of articles which have appeared sinc: the 
text was written, approach or surpass 
the number which are discussed i: the 
text. As a practical matter, a new }ook 
can never be completely up to late: 
however, in this case, the literature eover- 
age seems unnecessarily out of date. The 
reviewer believes that the main value of 
a book of this type is as a reference source, 
and in this regard it is unfortunate that the 
literature coverage is not more recent. 

The book is written for the organic 
chemist with emphasis on the reaction 
rather than the isotopes or isotope effect, 
The discussions are given from an ad- 
vanced viewpoint, and therefore the book 
will be of value primarily to those versed 
in the field. 

The author has made an excellent 
case for the use of isotopic methods while 
at the same time pointing out the dangers 
and pitfalls which accompany the method. 
Because the technique often gives results 
unobtainable by other methods, the 
author has formidable arguments. One 
purpose of the book cited by the author 
is to stimulate the use of isotopes. In 
this respect he has succeeded and the 
reader is left convinced of the value and 
frequent uniqueness of the method. 

The material is well organized and 
the text is clearly written. There are 
errors and important omissions. For 
the beginning student the main value of 
the book will be as a source of knowledge 
concerning the methods and _ principles 
of tracer applications, but this value is 
diminished by the fact that the text is 
written for the student with a background 
in theoretical organic chemistry. For 
the research worker the main value of the 
book will be as a reference source for the 
literature prior to 1952. 

FREDERICK R. JENSEN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


ELEMENTARY PRACTICAL ORGANIC 
CHEMISTRY. PART 2: QUALITATIVE 
ORGANIC ANALYSIS 


Arthur I. Vogel, Woolwich Polytechnic. 
Longmans, Green and Co., New York, 
1957. x + 320 + xxiv pp. Many figs. 
and tables. 14.5 X 22cm. $4.50 


Tuis is the second in a series of ‘ext 
books entitled ‘Elementary Organic 
Chemistry.’’ The first of these exc lent 
texts dealt with Small Scale Prepars: ‘ions 
of Organic Compounds. Part 2: (ual- 
itative Organic Analysis also refleci- the 
author’s many years of experience '5 4 
teacher. The text is a suitable one s 4 
reference for more advanced studen's 3 
well as a good textbook for beginners 
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The first chapter (6) deals with the 
determination of melting points, boiling 
poin's, refractive index, optical rotatory 
powe:. and the determination of molecular 
weighs. Chapter 7 presents reaction and 
the characterization of classes of organic 
compounds, such as: saturated, unsatu- 
rated, and aromatic hydrocarbons, ali- 
phati: aromatic alcohols, phenols, enols, 
carbo..ydrates, halogenated aliphatic and 
arom tie compounds, ethers, aldehydes, 
ketones, amines, ete. Specific clear direc- 
tions .re given for the preparation of de- 
rivatives of each class of compounds. The 
quali‘ itive analysis of the elements is dis- 
eusse! in Chapter 8. Chapter 9 stresses 
the relationships between structure and 
solubility and Chapter 10 deals with the 
detection of various characteristic func- 
tional groups. Chapter 11 is a general 
discussion on the preparation of deriva- 
tives of the various classes of compounds. 
Methods for the qualitative analysis of 
unknown mixtures of organic compounds 
are discussed in an excellent manner in 
Chapter 12. The reviewer was particu- 
larly impressed by the extensive tables of 
derivatives and their physical properties 
in Chapter 13. For example, in Table 
12-11 the author lists the melting points, 
boiling points, and refractive indexes of the 
anilides, a-naphthalides, alkylmercuric 
halides, S-alkyl-iso-thiuronium picrates, 
and the picrates of the 6-naphthyl ether 
for the aliphatic halogen compounds. 

The text should be widely accepted by 
many who offer a course in elementary 
qualitative analysis and should be in- 
cluded in every library as a reference text. 


G. VAN ZYL 
Horr CoLLEGE 
Hottanp, MicHiGaNn 


REACTIONS OF ORGANIC 
COMPOUNDS 


Wilfred John Hickinbottom, Queen 
Mary College, University of London. 
Third edition. Longmans, Green & Co., 
Inc., New York, 1957. xi + 608 pp. 
14.5 X 21.5cm. $8.75. 


Tuis popular book which appears as a 
third edition and has had seven reprint- 
ings, presents organic reactions of typical 
groups from a laboratory point of view. 
The numerous new citations included since 
the second edition (see J. Cuem. Epvc., 
25, 405 (1948)), attest to the extensive 
rewriting. Among the additional mate- 
rial is ‘the use of new techniques and new 
Teagents for reduction, oxidation, and con- 
densation as well as improvements and 
moder: applications of older methods of 
synthe-is.’’ To bring the book more into 
line with the objective of presenting ‘the 
facts 0! organic chemistry in terms of the 
reactions of typical groups,’’ the material 
on the identification of organic compounds, 
with tl accompanying tables of physical 
constants, has been omitted. 

The '.ook is again warmly recommended. 


HENRY GILMAN 
Towa St\re 
Ames, lowa 
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CHEMISTRY OF ORGANIC 
COMPOUNDS 


Carl R. Noller, Professor of Chemistry, 
Stanford University. Second edition. W. 
B. Saunders Co., Philadelphia, 1957. 
x + 978 pp. 106 figs. 28 tables 
17 X 24.5cm. $9.00 


THE second edition of Noller is better 
than the first and the first was excellent. 
It is the “‘best of breed’’ in several respects: 
best digested application of molecular 
orbital theory to reaction mechanisms, 
particularly in aromatic substitution; 
best selection of interesting details on 
industrial processes; best array of chem- 
ical formulas of current interest to chem- 
ists and premedical students (alkaloids, 
steroids, tranquillizers, et al.); and best 
correlation of physical properties of or- 
ganic molecules with structures. 

Stanford University functions on the 
quarter system and Noller’s book caters 
to this in that many premed students take 
two quarters rather than three of organic 
chemistry. Noller considers the arrange- 
ment of subject matter admirable for 
chemists as well. There are 415 pages on 
aliphatic compounds, proteins, amino 
acids, stereoisomerism, and carbohydrates, 
then 190 pages on aromatic compounds, 
50 pages on heterocyclics, and finally 300 
pages on absorption spectra, dyes, rubber, 
polyfunctional compounds (both aromatic 
and aliphatic now), terpenes, steroids, 
peroxides, organometallics, phosphorus, 
and silicon compounds. I do not find 
this arrangement appealing—dienes after 
aromatic compounds, carbohydrates and 
amino acids separated distinctly from 
other polyfunctional compounds, ete. 
To me it would not be teachable, but that 
is mostly a judgment based on taste. 

The second edition is a revision in 
truth and not just corrections and addi- 
tions. Every chapter is rewritten and 
about 100 pages added to the total. The 
chapter on mechanisms (in the first edition, 
Chapter 7) is scattered throughout the 
text because the author feels that it is now 
an integral part of the organic course. 
There is a new feature in the problems— 
duplicate sets of four problems of equal 
difficulty are included so that sections of 
the same class may have different assign- 
ments. Review questions and problems 
are separated. 

Books printed in two sizes of type are 
subject to having students interpret the 
smaller type as less important or unim- 
portant or conversely as hiding some im- 
portant theory that will make everything 
else easier. The present book runs this 
hazard. What gets into fine print is 
always a matter of choice, and I would 
argue with the author that theories might 
well be put in larger type and some of the 
details of processes and production be 
subdued in small .type. For example, 
the discussions of esterification, pages 
166 ff., aldol addition, pages 205 ff., 
metal reductions, page 218, general acid- 
base theory, page 235, and bonds in- 
volving sulfur, page 273, which are ex- 
cellent, might well be bold-face rather 
than subdued. Incidentally, the bold- 
face type in this book is not very bold. 

It is time that organic chemists adopted 
Stock nomenclature for inorganic com- 
pounds. 


One item that some teachers may con- 
sider an omission is the chemistry of 
biological processes. The author rejected 
this topic to keep the size of the book in 
reasonable bounds. 

The size of the book seems likely to dis- 
courage the beginner who is faced with 
the decision of what he must read and 
what he may choose to read. For those 
who think a text may also be a reference 
book, this one is excellent. 


LEALLYN B. CLAPP 


Brown UNIVERSITY 
Provipence, Ruope 


OXINE AND ITS DERIVATIVES. 
VOLUMES 1 AND 2: OXINE. 


R. G. W. Hollingshead. Butterworths 
Scientific Publications, London, 1954. 
Part 1: x + 322 pp. + (10) pp. 16 X 
23.5 cm. $8.50. Part 2: v + 323- 
616 + (19) pp. 16 X 23.5cm. $8.50. 


OXINE AND ITS DERIVATIVES. 
VOLUMES 3 AND 4: DERIVATIVES 
QF OXINE. 


R. G. W. Hollingshead. Butterworths 
Scientific Publications, London, 1956. 
Part 1: v + 617-895 + (16) pp. 16 x 
23.5 cm. 
Part 2: v + 897-1121 + (41) pp. 16 xX 
23.5 cm. 


Tue first two volumes of this series 
appeared in 1954, the last two in 1956. 
The author has undertaken a survey of all 
reported references to oxine (8-quino- 
linol) and its derivatives. After a de- 
scription of the preparation and properties 
of oxine and a well-written chapter on 
general analytical uses, Volumes | and 2 
take up, individually, the chemistry of the 
metal oxinates. Equilibrium constants 
and physical properties of the complex, 
pH range for precipitation, interference 
by and separation from other elements, 
and an extended treatment of methods of 
determination are given for each metal. 
These methods are not merely listed or 
summarized, but given as complete and 
detailed experimental directions. This 
series is intended to be complete in itself, 
and the user will rarely need to consult 
the references cited. 

Also discussed are determinations of 
phosphate and silica, and fungicidal and 
bactericidal applications. Useful appen- 
dixes list tables of drying temperatures of 
oxinates, pH ranges for precipitation and 
extraction, and ultraviolet absorption 
maxima. In spite of the noncritical com- 
pilation of material and some repetition, 
Volumes 1 and 2 will be useful to the ana- 
lyst in providing a single source of ana- 
lytical uses of oxine. Many difficultly 
accessible references have been included. 

Volumes 3 and 4 treat all known deriva- 
tives of oxine. The preparation (again, 
detailed experimental directions), prop- 
erties, reactions, and complete descrip- 
tions of determinations are discussed under 
each group of substituents. An interest- 
ing discussion of structure-stability re- 
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lationships is found in Volume 3, and a 
150-page addendum brings the references 
for the series up to 1956. 

On the whole, these latter two volumes 
will be a good deal less useful. The pas- 
sion for completeness has resulted in the 
inclusion of an excess of superfluous data 
and unneeded detail. The many refer- 
ences to biological applications, for ex- 
ample, seem out of place in a work de- 
signed for the analyst. More serious, the 
noncritical listing of all reported deter- 
minations makes it difficult for the chem- 
ist to select the best reagent and optimum 
conditions for the determination of a 
given metal. The usefulness of these 
two volumes would be increased con- 
siderably by a summary of the selectivity 
of all these derivatives. 


RICHARD K. HILL 
Princeton UNIVERSITY 
Princeton, New JERSEY 


PAPER ELECTROPHORESIS: CIBA 
FOUNDATION SYMPOSIUM 


Edited by G. E. W. Wostenholme and 
Elaine C. P. Millar, Ciba Foundation, 
London. Little, Brown and Co., Boston, 
pon xii + 224 pp. 14.5 X 21 cm. 


In Juty of 1955 the Ciba Foundation 
sponsored a symposium on paper elec- 
trophoresis in London. Participating 
were researchers from various countries. 
This book includes the papers presented 
together with the discussions of them by 
those who attended. Since paper elec- 
trophoresis has been applied up to now 
primarily in the study of changes in blood 
proteins, a considerable portion of the 
book is devoted to discussions of these 
changes. However, W. Grassmann 
pointed out that paper electrophore:'s 
can be “employed in the entire fields of 
inorganic and organic substances with 
both high and low molecular weights and 
there is hardly any branch of chemistry 
in which this method cannot be or has 
not been applied successfully.’”’ An ex- 
ample of these applications discussed is 
its use in the separation of some of the 
degradation products of vitamin B'*. 

Of particular interest to chemists will 
be the discussions of the theory and meth- 
ods of paper electrophoresis by W. Grass- 
mann, of physicochemical aspects and 
their relationship to the design of appa- 
ratus by H. Svensson, of the analysis of 
separated materials by E. M. Crook and 
N. H. Martin, and the final chapter by 
E. L. Durrum on the future of the tech- 
nique. 

Included in the book are excellent illus- 
trations including diagrams of various 
types of paper electrophoresis apparatus. 
The very useful hanging-curtain contin- 
uous paper electrophoresis apparatus is 
discussed only briefly. 

This book should prove valuable to the 
chemist who is using electrophoresis 
either in research or in teaching. 


ARTHUR H. LIVERMORE 


Reep 
PorTLAND, OREGON 
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QUANTITATIVE PHARMACEUTICAL 
CHEMISTRY 


Glen L. Jenkins, Dean, School of Phar- 
macy, John E. Christian, Professor of 
Pharmaceutical Chemistry, Purdue Uni- 
versity, and George P. Hager, Smith, 
Kline & French Laboratories. Fifth edition. 
McGraw-Hill Book Co., Inc., New York, 
1957. xvi + 552 pp. 61 figs. 80 
tables. 15 X 21cm. $8.50. 


Tue fifth edition of ‘Quantitative 
Pharmaceutical Chemistry’”’ continues the 
fine tradition established in the earlier 
editions. It has been brought up-to- 
date with the latest revisions of the United 
States Pharmacopeia, and the National 
Formulary. Analytical procedures have 
been revised and the methods of analysis 
of new drugs recently made official in the 
U.S.P. and the N.F. have been added. 

The book serves as a standard reference 
work for analysts in the drug industry and 
at the same time provides basic informa- 
tion for students of pharmacy. Earlier 
editions have served as textbooks for 
standard courses in drug analysis. 

New chapters on radioactivity and 
chromatography have been added. New 
material has also been added on instrumen- 
tation analysis. The question and prob- 
lem lists have been completely revised. 

This book will continue to be a standard 
work for both the classroom and the in- 
dustrial pharmaceutical laboratory. 


N. M. FERGUSON 
University or Houston 
Hovston, Texas 


HANDBOOK OF SOLVENTS. VOLUME 
1: PURE HYDROCARBONS 


Ibert Mellan, Research Director, Pioneer 
Laboratories, Inc., Long Island City, New 
York. Reinhold Publishing Corp., New 
York, 1957. v + 249 pp. 16 X 23.5 


SOURCE BOOK OF INDUSTRIAL SOL- 
VENTS. VOLUME 2: HALOGENATED 
HYDROCARBONS 


Ibert Mellan, Research Director, Pioneer 
Laboratories, Inc., Long Island City, New 
York. Reinhold Publishing Corp., New 
York, 1957. v + 249 pp. 16 X 23.5 


“Pure Hydrocarbons’”’ means the con- 


‘tents of bottles or drums, as used by in- 


dustry. Commercial and _ proprietary 
names are used; data pertinent to their 
use by manufacturers rather than re- 
searchers are included. Aliphatics are 
listed on 93 pages, aromatics on 72, and 
7 pages of data on terpenes are included. 

The title, ‘Handbook of Solvents, 
Volume 1,’’ has been changed to “Source 
Book of Industrial Solvents, Volume 1”’ 
to conform with that of the other volumes 
of the series. 

Volume 2 has sections devoted to 
fluorinated hydrocarbons (72 pages), chlo- 
rinated hydrocarbons (121 pages), bro- 
minated hydrocarbons (43 pages), and a 
brief 7 pages on iodine compounds. 


Each important compound is desc: ied 
by short paragraphs of text and ex. 
tensive tables of physical const ints. 
Data, such as azeotrope composition are 
included for solvents of greatest ge. eral 
utility. This volume is ‘“a_ prac ica] 
source of practical information,’’ bo: , jp 
terms of content and organization. 


Ww. 


HOW TO DO AN EXPERIMENT 


Philip Goldstein, Department of Biology, 
Abraham Lincoln High School, Brooklyn, 
New York. Harcourt, Brace and Co., New 
York, 1957. 192 pp. 43 figs. 15 x 
21.5cm. $2.60. 


Tue author holds the view that the only 
good way for a student to get started on 
the study of science is by infection. This 
infection might come from an enthusiastic 
teacher who will help unfold the story of 
«the amazing discoveries which scien- 
tists have made.’’ Then says Gol(stein, 
will come the questions—“‘Can I really 
make a great discovery some day? Can 
I learn to experiment? Can I do an ex- 
periment now?’’ He goes on to explain 
that the purpose of his book is to help the 
student get started by facing up to these 
“questions. 

The opening section looks carefully at 
the characteristic general pattern of in- 
vestigations in science, that is, the scien- 
tific method. A careful analysis is made 
of several interesting cases from history. 
Part 2 has to do with how information is 
obtained, the avenues which may be 
followed. The best chapter is the one in 
which the author discusses in some detail 
the important elements of a planned ex- 
periment and then illustrates with several 
well-chosen examples. Part 3, How to 
Carry On an Investigation, is the largest 
and perhaps most helpful section. It 
begins with a visit to a science fair followed 
by some 20 chapters, each one dealing 
with a different aspect of investigation. 
All of this is done in a very interesting way, 
with data and reports taken from the work 
of students and scientists. For example, 
Chapter 20, Recording the Observations, 
contains a reproduction of part of an actual 
student “log’’ of experiments conducted 
with onion plants in order to determine 
the effect on their growth of fertilizer 
injected directly into the plant. On 
reading these data, one develops the feel- 
ing of wanting to “go right out and try 
it.”’ The book ends with a good chupter 
on the fundamentals of statistics and 
another containing an excellent ‘ibli- 
ography. 

The publisher states that this }ook is 
intended for use in any science cow +e In 
the junior or senior high school. The 
style of writing is so simple and |: ical, 
and the illustrations so interesting, ('.at It 
probably is useful in so wide an age | ‘ge. 
It will prove very helpful in th: igh 
school science course where lent 
science projects are encouraged. 


JACOB SK!! KEN 
Hints Hier Scuoor 
CINCINNATI, OHIO 
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PHYSICAL CHEMISTRY 


A. Moelwyn-Hughes, University 
Lecturer in Physical Chemistry, Cam- 
bridge. Pergamon Press, New York, 
1957. vii + 1295 pp. 16 X 24.5 cm. 
$15. 


Iy us preface, the author states that 
this textbook is the outcome of some 
years of lectures to undergraduates in 
their last year of study at Cambridge. 
The ‘evel of presentation is that of a 
gradiate, or at least advanced under- 
gradiate, course in this country, and 
students would need previous study in 
physical chemistry plus a good mathe- 
matical background for the book to be 
used effectively. 

The scope of the work and the author’s 
approach can be suggested by an outline 
of the major topics taken up in the book’s 
1250 pages. The first 90 are devoted to 
a quite detailed discussion of kinetic 
molecular theory, including such topics 
as transport properties and Brownian 
motion. The next 100 pages trace the 
historical development of quantum theory, 
discusses solutions of the wave equation 
for oscillation, rotators, and the hydrogen 
atom, and concludes somewhat abruptly 
with brief accounts of the Heitler London 
hydrogen molecule and Sp’ hybridization. 

A long chapter on the elements and 
“aufbau’’ of the periodic table is followed 
by a concise presentation of classical 
thermodynamic essentials in postulatory 
fom (dE = q — w, dS = q/T) without 
mention either of Carnot or of Carathéo- 
dory. The writer then turns to inter- 
molecular forces, partition functions, and 
statistical thermodynamics for gases of 
simpler molecules. 

The discussion of condensed phases 
begins with crystals, is interrupted by a 
chapter on heat capacities, equations of 
state, and viscosities of gases, then re- 
turns to the metallic state and free elec- 
tron theory. A first chapter on liquids 
takes up such topics as vapor pressure, 
viscosity, and theoretical models. A 
presentation of ideal and dilute solution 
laws precedes a discussion of van Laar’s 
and other theories plus thermodynamics 
of partial quantities and activities. A 
chapter on the ionic state, emphasizing 
conductance and transference, is followed 
by a chapter on surface phenomena. 

Homogeneous equilibrium is treated by 
both classical and statistical thermody- 
namics, and the chapter on heterogeneous 
equilibria includes phase rule consider- 
ations and thermodynamic discussion of 
galvanic cells. 

The last three chapters deal with ki- 
netics of gas reactions, of heterogeneous 
and photochemical reactions, and of 
reactions in solution. This part of the 
book is, as would be expected from Moel- 
wyn-Highes’ contributions in the field, a 
stimulating and thorough piece of work. 

This outline perhaps suggests what 
reading confirms: that a reader mastering 
the boly of material will have a sub- 
stantial grounding in theory of physical 
chemistry. The author carries discussion 
of many topies very nearly to the level 
of advanced monographs, and a variety 
of exam) les of physical chemical behavior 
are anilyzed in considerable detail. 
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Much of this is well done, and can be read 
with profit by both advanced students 
and more experienced scientists. 

Any book approaching the level of 
specialists in particular subjects can ex- 
pect their critical scrutiny. A number of 
treatments inviting their criticism were 
evident to this reader. Thus the lengthy 
discussion of quantum theory barely in- 
troduces valence bond and molecular 
orbital theory, and the water mole- 
cule is later discussed in terms of un- 
realistic coplanar point charge models. 
One might have expected at least qual- 
itative treatment of bonding orbitals and 
lone pair electrons. In an _ extensive 
account of molecular interactions, the 
reader is not warned of the limitations in 
treating real polar molecules as point 
dipoles. The Clausius-Mossotti function 
of dielectric theory is used on several oc- 
casions, but appears by fiat, with no 
indication of its origin and limitations. 
Microwave spectroscopists may well feel 
that one sentence mention of rotational 
spectra is not a fair share of several pages 
devoted to vibration-rotation spectra. 
Nuclear chemistry and chemistry of large 
molecules receive little mention, and 
electrochemists may wish that more 
recent work had been included. 

Other criticisms of a similar sort could 
be mentioned, but such mention might 
convey a misleading impression that the 
book falls far short of anyone’s ideal. The 
book is excellent in many ways and is 
written in good style with apt analogies 
and a commendable willingness of the 
author to express opinions on unsettled 
questions. 

This reviewer found the book stimulat- 
ing reading and anticipates that it will 
be well worth having on hand for future 
reference. It could be made the basis of a 
first year graduate course in physical 
chemistry, and some teachers may wish 
to consider its use for this purpose. One 
suspects, however, that most teachers 
will prefer to regard this book as more 
useful for judicious reference by himself 
and his students. 


R. H. COLE 


Brown UNIVERSITY 
ProvipENcE, Ruope Istanp 


GENERAL CHEMISTRY: A FIRST COURSE 


L. E. Young, Professor of Chemistry, 
Mills College, and C. W. Porter, Profes- 
sor of Chemistry, Emeritus, University of 
California. Fourth edition. Prentice-Hall, 
Inc., Englewood Cliffs, New Jersey. 1958. 
ix + 628 pp. 16 X-23.5cm. $6.75. 


In Tus fourth edition of an increasingly 
popular text, the authors have brought 
topics up-to-date and eliminated many of 
the faults of the earlier editions. Yet the 
aim of the book, as stated in the preface, 
“designed, primarily, for use as a text- 
book by students in general curricula,’’ 
has not been overlooked. 

The addition of illustrations and 
diagrams, as in the manufacture of mag- 


nesium (pages 396-9), makes for a better 
appreciation of industrial processes. New 
line drawings have been added for better 
understanding of such concepts as vapor 
pressure. The treatment of oxidation 
and reduction has been simplified and 
new examples added. Periodic groups 
VB, VIB, and VIIB have been combined 
into a single chapter. New problems 
have been substituted for old and, as in 
the third edition, answers to problems 
are given in the appendix. 

It is virtually impossible to bring all 
manufacturing processes up to date. 
However, this reviewer feels that the 
authors might well have omitted the arc 
process for the manufacture of nitric 
acid (page 306) and minimized the im- 
portance of the lead chamber process for 
the manufacture of sulfuric acid (pages 
385-6). And, although a picture of a 
rocket blasting off was included under 
the material on the atmosphere (page 
38), there was no mention of hydrazine 
either under the chapters on nitrogen 
compounds or the chapters on fuels. The 
use of liquid ammonia as a fertilizer was 
also omitted. 

It would be helpful in a number of 
cases to include references to the numerous 
and well-chosen illustrations in the text. 
Fer example, an illustration on page 364 
shows what appears to be hot molten 
metal being poured into a vessel made of 
heat resistant glass resting, presumably, 
on a cake of ice. Neither the caption 
nor the paragraph on borosilicate glass 
describes what is occurring. 

Some omissions were noted which might 
have detracted from the clarity of the 
text. The preparation and _ properties 
of mustard gas were given (page 556) 
without indicating the use of the material. 
The present generation of chemistry 
students is probably unfamiliar with 
names of war gases. Another item, the 
inclusion of which might have been helpful, 
was a formula which wouid give some 
idea of the structure of the protein mol- 
ecule, at least as far as the polypeptide 
chain is concerned. This omission was 
amplified by the formulas of the vitamins 
in the same chapter. 

A few errors were noted. (1) The 
statement (page 418), “Boron. . . also 
forms compounds in which it acts like a 
metal. The halides of boron are examples 
of such compounds.’ is incorrect. Metal- 
lic halides, in general, are high melting, 
ionic compounds. (2) The expression for 
‘isooctane’ (page 554) is usually given 
as 2,2,4-trimethylpentane, not 2-methyl- 
4,4-dimethyl-pentane. (3) The new sym- 
bol for argon (Ar) is given in the table 
of atomic weights and elsewhere but the 
old symbol (A) is used in a nuclear 
equation on page 534, and in the chart 
on page 155. 

The book is clearly written and re- 
markably free of errors. The format, 
particularly the chapter titles at the top 
of each page and the size of type used 
for the questions and exercises, is greatly 
improved over the third edition. The 
text should be entirely adequate for the 
general student. 


CARL R. MELOY 


University or 
Cuicaco, 


n. 
al. au 


INORGANIC CHEMISTRY 


E. de Barry Barnett, Sir John Cass Tech- 
nical Institute, and C. L. Wilson, The 
Queen’s University of Belfast. Second 
edition. Longmans, Green & Co., Inc., 
New York, 1957. xvi + 588 pp. 16 x 
25cm. $7. 


Tue first edition of this book was 
reviewed in this journal only five years 
ago. The second edition is not changed 
substantially either in plan or in coverage 
of subject. It is approximately 70 pages 
longer than the first edition, of which 
about ten pages are required to include 
an author index and an appendix dealing 
with the literature of inorganic chemistry. 
The latter is incomplete and somewhat 
superfluous. 

The author index means, of course, that 
the only serious objection to the first 
edition has been corrected in the present 
edition. Excellent lists of citations to 
reference books and to the original litera- 
ture are appended to each chapter. 

This reviewer views with mixed feel- 
ings the adoption of the text for use in the 
standard advanced inorganic chemistry 
course. As was true of the first edition, 
the first seven chapters might be called 
“‘theory,’’ with the remaining 20 chapters 
devoted to a well-organized summary of 
the descriptive chemistry of the elements. 
This latter portion, comprising 482 pages 
of a total of 588 pages, appears to be 
adequate. The theory chapters are in- 
adequate for such courses as taught in 
the United States, unless the teacher is 
fortunate enough to be assured that his 
students will get a thorough introduction 
to the chemical bond in a course in phys- 
ical chemistry within the department. 
Most certainly the book testifies elo- 
quently to the difference between the 
British and American students taking 
advanced inorganic chemistry. 

In many topics the authors demonstrate 
their acquaintance with current literature. 
Their judgment is excellent in selecting 
new knowledge for inclusion in the re- 
vision. Three specific examples of new 
materiai should suffice to indicate the 
nature of the additions. Under the 
several chapters dealing with the transition 
metals note is made of Scholder’s work 
describing several new metallate salts, 
e.g., BasCrO,, BazCoO,; the Steinberg 
process for the production of elemental 
titanium is described briefly; the metal 
isonitriles, such as Mo(CN-R)., are in- 
cluded with the discussion of the metal 
carbonyls. 

It should be pointed out that the second 
edition is changed not only by virtue of 
additions. An occasional paragraph has 
been omitted in the revision. Topics 
have been lifted from one chapter, revised 
slightly, and set down in another chapter, 
e.g., clathrate compounds have been 
moved from Chapter 9 to Chapter 1, 
some hydride chemistry has been moved 
from Chapter 21 to Chapter 9. 

Such unfavorable criticism as can be 
made on the text is apt to reflect the re- 
viewer’s personal interests and minor 
differences in usage between U. S. and 
British chemists. Throughout the book 
-ic and -ous endings are used, even when 
it becomes obviously inconsistent. For 
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acid-base 


example, TiCl, is titanic chloride, TiCl, 
is titanous chloride, but TiCl is titanium 
dichloride. What better place is there 
to use either the Stock or the stoichio- 
metric systems? The symbol Hlg is used 
as the generic symbol for halogen. This 
seems unusual even for an English text. 
Alanate is the name for AlH,~-, gallanate 
for GaH,~, ete. Despite recent research 
which is alluded to by the authors, MoCl, 
is still considered to be trimeric, which 
opinion is not shared by the majority of 
chemists today. For some reason the 
extensive studies of Lipscomb and co- 
workers in the field of boron compounds 
is not included. No mention is made of 
the new theories that have been proposed 
to explain bonding in the boron hydrides. 

Graduate students of this reviewer have 
found the text useful as a review of de- 
scriptive chemistry for comprehensive 
examinations. As well, it is a handy, 
orderly, well-indexed reference book. It 
cannot be said to do the same for theoreti- 
cal inorganic chemistry. 


8S. YOUNG TYREE, JR. 
University or NortH CAROLINA 
Cuapet Nortn CARouina 


ELEMENTARY QUANTITATIVE 
ANALYSIS 


Harold F. Walton, Professor of Chemistry, 
University of Colorado. Prentice-Hall, 
Inc., Englewood Cliffs, New Jersey, 1958. 
ix +342pp. 15 K 22cm. $5.75. 


“Tuts book is an elementary one, in- 
tended for a one-semester course. . . . 
year of freshman chemistry is assumed 
but the author has always kept in mind 
the student who had difficulty with his 
freshman chemistry or has been out of 
school a year or two.... At the same 
time, material is included to interest the 
more advanced student.’’ 

The first seven chapters (130 pages) deal 
with an introduction to gravimetric 
analysis, the balance and weighing, the 
laboratory notebook, solubility products, 
and experimental procedures for chloride, 
sulfate, iron, nickel, silica, magnesium, 
and the electrolytic determination of 
copper. 

The remaining eleven chapters (199 
pages) deal with the principles, techniques 
and calculations of volumetric analysis, 
theory, oxidation-reduction 
theory and experimental procedures for 
chloride, vinegar, solid acids, soda ash, 
carbonate-bicarbonate and carbonate-hy- 
droxide mixtures, wheat germ or dried 
blood for nitrogen, dissolved salts in 
“hard water’’ by ion exchange, iron in an 
iron ore, and calcium in calcium carbonate 
by permanganate. 

Iodimetric methods are used to deter- 
mine chlorine in bleaches and water- 
sterilization tablets, active bromine in 
brominating agents, phenol in phenol so- 
lutions, and copper in a copper ore. 

Versene titrations are used to deter- 
mine calcium and magnesium in carbonate 
mixtures and cement. The last chapter 
treats photometric analysis briefly and 


includes procedures, with the ‘“Spect onic 
20’’ Colorimeter, for manganese in | )ow- 
metal, and iron in organic matter, iron 
ores, and natural water. A  four- age 
appendix includes a brief discussic., of 
exponents, logarithms, and pH ca): wla- 
tions on the slide rule. 

The author states in the preface ‘‘R: ther 
than place theory and laboratory wi: k in 
separate sections of the book. . .we jaye 
used the ‘case history’ approach. . 
and technique are discussed in relatiin to 
specific laboratory work.”’ 

The problems at the ends of the «hap- 
ters are well chosen. Answers are «iven 
for six or seven problems in each ch:.pter, 
The laboratory directions are quite de- 
tailed. Appropriate notes follow each 
procedure. The author has accomplished 
his purpose in giving us a well-designed 
and well-written book suitable for an 
elementary one-semester course. 


HORACE E. ROGERS 
Dickinson COLLEGE 
CARLISLE, PENNSYLVANIA 


INORGANIC SYNTHESES. VOLUME 5 


Edited by Therald Moeller, University of 
Illinois. McGraw-Hill Book Co., Inc., 
New York, 1957. xiv + 265 pp. 19 
figs. 16 X 24cm. $6. 


THE appearance of a new volume in this 
series is always a milestone. Since these 
events are not too frequent, a general 
review seems to be in order; a listing of 
preparations, out of order. The new prepa- 
rations run to about 100 after detailed 
counting. 

The syntheses in this series, after sub- 
mission to the editor, have all been care- 
fully carried out and studied in other 
laboratories. The pitfalls have been re- 
moved, or at least cut to a minimum, by 
this process since corrections and sugges- 
tions of this independent group are added 
to the directions before publication. The 
index in each volume is cumulative. The 
indexes of this fifth volume now have over 
700 entries, listed both by formula and 
name. The preparations are arranged in 
each volume according to the Mendeleév 
system using A and B families. There is 
an introductory descriptive section in areas 
where some explanation has been thought 
to be appropriate; for instance, in this 
volume a six-page general discussion of 
organogermanium compounds _ precedes 
the first preparation in this particular see- 
tion. Each separate preparation includes 
analytical data on the product, special 
analytical instructions (if needed) and a 
fairly complete listing of properties 

The reviewer feels that these lumes 
should be regarded as a journa! and 4 
regular subscription maintained. There 


‘has been a remarkable contin ity of 


quality in any and all senses of tii word, 
the only detectable change from volume 
to volume having been in the nam of the 
editor-in-chief, and the new synthe-'s. 


HARRY H. BATUY, JR. 
Coturce or WasHiNnGTON 
PULLMAN, WASHINGTON 
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UCATION 


THE PROSPECTS OF NUCLEAR POWER 
AND TECHNOLOGY 


Gercld Wendt. D. Van Nostrand Co., 
Inc., New York, 1957. xii + 348 pp. 
15.5 X 21.5 cm. $6. 


Dr. WENDT presents an interesting, 
authentic, and vital report of the present 
(1957) status of nuclear fission and 
its potential applications industrially 
throughout the world. The technical 

sts are held to a minimum and the 
book presents primarily a broad and com- 
prehensive survey understood easily by 
nontechnical personnel. 

Part 1 deals with the need for vastly 
more power in the ever-expanding world 
economy. While America, with her abun- 
dant petroleum and coal, has no critical 
need for nuclear power, the economy of 
Europe and Asia compels prompt develop- 
ment of power from the atom. 

Part 2, Technology, describes in sur- 
prising detail the obtainment and proc- 
essing of uranium ores from a multitude 
of sources. The reactor materials—mod- 
erators, coolants, structural materials, 
and similar items are described. The 
relative advantages of the various proc- 
esses are explained—boiling-water re- 
actor, sodium-cooled reactor, breeder con- 
cepts, and similar considerations. Sug- 
gestions are made relative to the produc- 
tion, use, and disposal of fission products. 
Finally the author prejects into the future 
with a glimpse of propulsion reactors, the 
atomic plane, and finally the possibility 
of power from fusion. 

The story related is authentic, inform- 
ative, and provocative. The pleasant 
period of reading and studying this book 
was well compensated by the wealth of 
information provided. This is a most 
interesting and worthwhile book. 


Cc. L. AGRE 
St, OLar COLLEGE 
NoRTHFIELD, MINNESOTA 


INTRODUCTION A LA CHIMIE 
GENERALE 


P. Colmant, Professor of Science, Notre- 
Dame DE La Paix. Maison D’Editions Ad- 
Wesmael-Charlier (S.A.) Namur, 1957. 
xiv + 504 pp. 86 figs. 17 X 24 cm. 


AmeRIcAN teachers tend to look only 
at American textbooks, thus miss many 
excellent innovations and become quite 
out of touch with teaching ideas and 
course contents in other countries. Yet 
foreign texts probably have no higher 
percentage of uniqueness than their 
American contemporaries, and perusal 
of a large number is not very rewarding. 
A review should, therefore, discriminate 
between a book which is uniquely re- 
warding and one which is only sound. 

This book is a sound one at the general 
level of our physical chemistry courses. 
It does not achieve the rigor of our best 
ones, but surpasses the run-of-the-mine. 
It might well serve as an exercise in 
reading scientific French for upper class- 
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men, but will have little general ap 
in this country. 

It would not be fair to generalize on 
French books in terms of this one, but 
its tone does fit the impression received 
elsewhere that French education on the 
collegiate level tends to be rigorous in 
the sense of requiring facility in cal- 
culation, but not in giving deep insight 
into the fundamental problems and 
assumptions involved. I have, for ex- 
ample, never seen a book which cata- 
logues more “laws’’ than does this one. 
In general the statement of the law is 
bereft of any theoretical interpretation 
of the basis of the law. 


J. A. CAMPBELL 
Harvey Mupp 
CLAREMONT, CALIFORNIA 


ALCHEMY 


E. J. Holmyard. Penguin Books, Inc., 
Baltimore, 1957. 281 pp. 10 figs. 36 
plates. 11 X 18 cm. Paperbound. 
$0.85. 


IN THIS paperbound book “the origins 
and growth of alchemy are described, with 
an account of the underlying philosophi- 
cal conceptions; and the romance attach- 
ing to the art is illustrated by stories of 
some of the most celebrated or notorious 
of its practitioners.’”’ Few would have 
been better qualified to discuss Alchemy 
than Dr. Holmyard, and probably even 
fewer could have done it so well. 

Dr. Holmyard’s fluent writing is abetted 
by excellent figures and plates, an Index 
of Persons, a General Index, a short but 
helpful Glossary (which could well be ex- 
panded), and excellent cross-referencing 
which aids the novice in keeping unfa- 
miliar names in mind. The book in- 
cludes numerous quotations from original 
sources, translated where necessary. The 
discussion of the basic concepts is en- 
livened by fascinating stories and the 
author’s dry humor: 

..on another occasion (John Dee’s) 
presence was urgently commanded in 
order to prevent any ill befalling the 
Queen from a waxen image of her Majesty 
found... with a pin thrust through its 
breast. His efforts must have been suc- 
cessful, for the Queen survived the event 
by a quarter of a century.” 


WILLIAM E. MORRELL 
University oF 
Urpana, 


PLANT PHYSIOLOGY 


Meirion Thomas, Professor of Botany, 
S. L. Ranson, and J. A. Richardson, Lec- 
turers in Botany, King’s College, University 
of Durham. Fourth edition. The Philo- 
sophical Library, New York, 1956. xii + 
692 pp. 80 figs. 22 tables. 15 x 22 
cm. $12. 


Ir orren happens that chemists, en- 
gineers, and agronomists become scien- 
tifically or professionally interested in the 


most active fields of research in plant 
physiology and need to grasp more ad- 
vanced concepts of botany without having 
the necessary background knowledge or 
time to acquire it. For all these numerous 
scientists and technicians the fourth edi- 
tion of Dr. Thomas’ book will be most 
welcome for study and reference. 

While it covers quite comprehensively 
the customary chapters of plant phys- 
iology, it emphasizes those that are pres- 
ently most actively investigated, such as 
enzymatic activity in relation to respira- 
tion, photosynthesis, growth hormones, 
and photoperiodism. The chemist will 
appreciate especially the appendixes con- 
taining notes on metabolic products, 
physical chemistry in relation to plant 
physiology, and such special technics as 
chromatography, ion exchange, and iso- 
topes as tracer atoms. An _ excellent 
bibilography, author and subject index 
facilitate locating the original literature. 


FRANCIS JOSEPH WEISS 
ARLINGTON, VIRGINIA 


BIOCHEMICAL INDIVIDUALITY 


Roger J. Williams, Director of Biochem- 
ical Institute, University of Texas. John 
Wiley & Sons, Inc., New York, 1956. 
xii+21l4pp. 15 X 23.5cm. $5.75. 


For many years research workers in 
the biological and biochemistry sciences, 
while aware of individual differences in 
morphology and metabolism, have never- 
theless stressed the average or mean when 
presenting experimental results. In many 
cases this has gone so far as discarding 
data for individuals if these data were 
very far removed from the mean, Dr. 
Williams, pursuing further a path which 
he explored in his earlier book ‘Free and 
Unequal,” stresses the importance of a 
recognition and understanding of bio- 
chemical differences in experimental ani- 
mals and in man. He points out, for ex- 
ample, that ‘sound experimental inves- 
tigations have been abandoned in some 
cases when the measurements were too 
diverse or divergent from those expected 
to ‘make sense’.”? Stressing the point 
that extremely “abnormal’’ individuals 
in most cases simply represent the ex- 
tremes of normal variations or gradients 
within a population, Dr. Williams ex- 
plores these gradients in such varied sub- 
jects as variations in the branching of the 
arteries of the aortic arch and the rate at 
which ethanol is metabolized by different 
individuals. 

Of particular interest to the student of 
biochemistry are the chapters on indi- 
viduality and composition, enzymic pat- 
terns, endocrine activities, excretion pat- 
terns, and nutrition. 

In the last three chapters of the book, 
Dr. Williams suggests implications of 
this concept of the importance of indi- 
vidual differences on research in the bio- 
logical sicences, in medicine and dentistry 
and in psychiatry. 

It seems probable to the reviewer that 
a reading of this book will suggest to many 
teachers in the biological sciences new ex- 
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periments which can be included in labo- 
ratory work at the undergraduate and 
graduate level. Indeed, some of the ma- 
terial in the book might be used even in 
teaching science in high school. For ex- 
ample, simple experiments in individual 
differences in the ability to taste sub- 
stances are suggested by the section on 
taste sensitivities in Chapter 9. 

The book is well written and is 
documented with many references to 
original papers. It should be useful in 
jarring students in the biological sciences 
out of a blind faith in “the average’ and 
in giving them an initial insight into the 
individual differences already known in 
the fields of biochemistry, biology, and 
medicine. 


ARTHUR H. LIVERMORE 
Reep CoLieGe 
PorTLAND, OREGON 


BIOCHEMISTRY OF THE AMINO ACIDS 


Alton Meister, Professor of Biochemistry, 
Tufts University, School of Medicine, 
Boston. Academic Press Inc., New York, 
1957. xiii + 485 pp. Many figs. 25 
tables. 16 X 23.5cm. $10. 


THE objective of this book is to present 
the biochemistry of the amino acids and 
pertinent information on their chemical 
and physiochemical properties, especially 
sterochemical, in a comprehensive review 
of present day knowledge of amino acid 
metabolism and their biochemical re- 
actions. These limitations are necessary 
for volumes would be required for a com- 
plete coverage of amino acid chemistry, 
isolation, occurrence in natural proteins, 
and biological significance in nutrition. 
The subject matter is presented under 
five major divisions whose titles indicate 
the book’s scope: The Natural Amino 
Acids, The Role of Amino Acids in Nutri- 
tion, General Biochemical and Phepio- 
logical Considerations, Intermediary Me- 
tabolism of Amino Acids, and Abnormal- 
ities of Amino Acids in Certain Patholog- 
ical Conditions. The emphasis placed on 
the third and fourth divisions is apropos 
as the author has made notable research 
contributions in this area. 

The known general biological reactions 
for each amino acid are thoroughly dis- 
cussed. These include, for example, 
transamination, decarboxylation, oxida- 
tive deamination, and peptide synthesis. 
Intermediates and end products formed 
during enzymatic degradations, enzyme 
co-factors, and schematic systems for these 
reactions as affected by various tissues are 
given for many of the amino acids. 

The material is well documented with 
an extensive bibliography for each of the 
major divisions. For example, there are 
1072 references listed for the section on 
intermediary metabolism alone. The ma- 
terial is presented in an easy straightfor- 
ward style. 


ORVILLE G. BENTLEY 
Ouro AGRICULTURAL ExPFRIMENT STATION 
Wooster, Ono 
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THERMODYNAMICS FOR CHEMICAL 
ENGINEERS 


Harold C. Weber and Herman P. 
Meissner, Professors of Chemical Engi- 
neering, Massachusetts Institute of Tech- 
nology. Second edition. John Wiley & 
Sons, Inc., New York, 1957. vii + 507 
pp. 156figs. 16 X 23.5cm. $8.50. 


TuE first edition of ““Thermodynamics 
for Chemical Engineers’? by Dr. Weber, 
published in 1939, was the first of the 
textbooks aimed at making thermody- 
namics specific to chemical engineering. 
The brevity with which a variety of sub- 
jects was treated in its 264 pages was 
frequently the dismay of the student. 
Approximately the same topics are covered 
in about twice the space, so that a more 
complete treatment is given. Illustra- 
tive. problems are now included, which 
add greatly to the value of the book for 
student use. As with the first edition, a 
number of excellent problems are given 
at the end of each chapter. 

The contents progress from the first law, 
equilibrium, heat capacities and heats of 
reaction to the gas laws, and generalized 
P-V-T relations. The second law then is 
introduced from which are derived entropy 
and the work functions. Thermody- 
namics now is applied to fluid flow and its 
engineering applications, power cycles, 
and refrigeration. The fugacity and 
activity concepts are introduced and ap- 
plied to solutions, homogeneous and hetro- 
geneous equilibrium, and the effect of 
temperature on chemical equilibrium. 
State properties are introduced somewhat 
later than usual. Final chapters are on 
phase equilibrium in multicomponent 
systems and electrochemical effects. A 
modest amount of data is given in the 
appendix. 

When you read the first chapter and 
find the ice point given as 273.15°K., 
you say to yourself: ‘Fine, everything 
here is going to be right up-to-date.”’ 
But on the next page the I.T. B.t.u. is 
defined, but nowhere is the thermochem- 
ical calorie defined. The symbols used 
are not always those of A.I.Ch.E., which 
should hold in a book designated for chem- 
ical engineers. At least at M. I. T. there 
should be no excuse for writing about the 
Beattie-Bridgman [sic] equation of state. 
The Diihring plot is shown, but no men- 
tion made of the simpler and more useful 
Othmer plot. Heat capacity data are 
old and the equations (Appendix, Table 
2) are inexact. The data of Example 1 


’ (page 95) are at 18°C. and are not from 


Table 3 of the appendix, which is at 25°C. 
This list can be lengthened by continuing 
to page through the book. Of course, 
many of these items, though inexact, are 
minor and can easily be corrected in teach- 
ing from the book. But thermody- 
namics, being an exact science, should 
expect greater exactitude in its presen- 
tation. 

Conclusion: Much excellent material 
well presented and illustrated by examples, 
but occasionally marred by minor irrita- 
tions. 


KENNETH A. KOBE 
University OF TEXas 
Austin, Texas 


THE ENCYCLOPEDIA OF CHEMISTRY 


George L. Clark, Research Professor of 
Chemistry, University of Illinois, and G. G 
Hawley, Reinhold Book Division. eip. 
hold Publishing Corp., New York, 1957. 
1060 pp. 17.5 X25cm. $19.50. 


The goal of the editors under «hose 
aegis this volume was prepared has |een 
to provide ‘convergence rather than 
divergence, focal condensation 
than scattering.’’ The wide rane of 
chemistry as it is today not. cnly makes 
this a prodigious task, but also makes 
the result of their labors a most significant 
contribution to the literature. 

This book will be indispensalle to 
the layman (and what specialist is not , 
layman outside his own narrow |{ield?) 
as a starting point for gaining an ap- 
preciation for and the basic information 
on almost any chemical topic unfamiliar 
to him. 

Subjects range from ‘abrasion 
sistance’’ (Topics related to Chemistry) 
through “Institute of Paper Chemistry’ 
(Scientific Societies and Research 
Institutes) to ‘“Zsigmondy’’ (Names in 
Science). Many general classifications 
are used, e.g.: “allicyclic compounds,” 
“electrochemistry,’’ or ‘‘steric hindrance.” 
The coverage afforded descriptive chem- 
istry is better than that for theoretical 
topics, e.g.: “polarization’’ is treated 
but not “resonance.’’ The ‘inclusion 
of ‘“‘quanticle theory’ ’is in peculiar contrast 
to the omission of “quantum mechanics.” 
Nearly two pages are devoted to “re- 
claimed rubber’’ but nowhere is ‘‘radiation 
chemistry’’ even defined. There are few 
figures; most are essential to the dis- 
cussion. One wonders why possibly so 
many valuable diagrams were omitted 
when identical diagrams are repeated 
under ‘‘B.E.T. theory’’ and “adsorption.” 

The list of 500 contributors is a Who's 
Who of chemistry. They write clearly 
and in such a way that the reader gets 
some of the enthusiasm of the specialist 
not only for his field, but for the relation- 
ship between his specialty and the rest 
of chemistry. No library frequented by 
students should deny them the stimulation 
of this book. 


w. F.K 


A HISTORY OF NUTRITION 


Elmer Verner McCollum, Professor of Bio- 
chemistry, Emeritus, Johns Hopkins Uni- 
versity. Houghton Mifflin Co., Boston, 
1957. x+45lpp. 15 xX 22cm. $6. 


Procress in the science of 1trition 
has often been linked to chemical dis 
coveries on the identity and «nalyse 
of various food nutrients. Furt!::rmore, 
the various chemical entities whi: com- 


prise the dietary of man and animals pre- 


vide logical subject matter divisions for 
the major developments recorde:’ in the 
vast body of scientific literature nutn- 
tion and related subjects. As an  ‘lustra- 
tion there are chapters in this boo’. on the 
historical developments which | ve led 
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UCATION 


Concern for the content of the course for “citizen 
chemists” (see Dr. W. E. Miller’s remarks quoted on 
this page in March 1958) is shared by others of our cor- 
respondents. Dr. Noel Simmons of the University of 
Akron takes the view that often the student whose 
intent is a non-science career would be served best 
by a course timed later than the freshman year in his 
college program. Aside from possessing greater in- 
tellectual maturity and better study habits, the upper- 
classman, it is hoped, would have less apathy or even 
fear toward a required course. As to whether this 
course should be “descriptive” chemistry, Dr. Simmons 
says: 


Descriptive chemistry is a discipline which all too often fails 
to tax the student’s thinking ability. What is needed is an 
appreciation of the workings of science, how the scientist operates, 
the value of basic research, etc.... Conant’s case histories 
could be a starting point.... The instructor could introduce 
industrial processes in a discussion of interactions of science 
with so-called “non-science’’ fields, e.g., the Haber process and 
agricultural economics, military defense, or national politics. . . . 
In this way we do not lose the benefits of descriptive science; 
we place it in its most meaningful role. 


As we remarked before, no one can reasonably argue 
that the question of theoretical versus descriptive 
material is an “either-or”’ question. Rather it is a 
problem of balance, often a balance dictated by the 
experience and convictions of the teacher. Sister Mary 
John of Emmanuel College, Boston, sees the order in 
which material is presented as one aid to attaining 
this desirable balance: 


Chemistry should be taught by presenting first its principles, 
objectives, methods, and spirit and then applying these to more 
descriptive material. . . . Students respond to an intellectual 
challenge in proportion to the magnitude of the challenge. When 
the subject is the most fundamental, interest is the greatest. 
When the course does not start merely with a collection of facts, 
itis an introduction to a specific intellectual discipline.... Blind 
memorization can thus be reduced to a minimum and the de- 
scriptive material when related to understanding previously 
developed can be covered more quickly. 


Dr. J. Z. Fullmer of Newcomb College, Tulane Uni- 
versity, sees Dr. Miller’s aim of trying to answer 
political questions concerning natural resources to be 
an incidental rather than a primary goal of the course 
for citizen chemists. Trying to help the student to 
understand what chemists do would appear to treat 


the subject matter of chemistry as apolitical. Dr. 
Fullmer goes on to comment on the historical parallel 
implied by introducing nuclear phenomena into the 
discussions of the general chemistry course: 


When the atomic theory was first introduced there were those 
who balked at its inclusion in the subject matter of chemistry 
(Davy withheld formal acclaim from Dalton for about ten 
years).... It might well be that the nucleus contains in it the 
ingredients for a new chemical frontier; certainly there is no 
doubt that the energy stored in it will soon be considered one of 
our major natural resources. ... Shouldn’t our citizen chemists 
be given some notion of this state of affairs?... Also we should 
not forget that many chemists were in on those first turbulent 
days of nuclear discovery. The jobs which had to be done proved 
themselves especially amenable to chemical techniques. Chem- 
ists had the theoretical and actual apparatus for studying proc- 
esses and products. ... Textual material on nuclear phenomena 
provides particularly telling examples of what many chemists 
now do. 


We have observed two consistent motifs in con- 
versations with teachers who have had experience in 
building courses for citizen chemists. One is that 
generally they have been most gratified at the reception 
given the course by students. The other is that, as 
time goes on, the topics decrease in number rather than 
increase. 

The enjoyment of the students undoubtedly is the 
result of the conviction and enthusiasm with which the 
professor approaches his job. No two courses can be 
alike because no two teachers have identical prefer- 
ences or predilections for choice from among the wealth 
of chemical topics. Perhaps this circumstance is the 
only reasonable answer to the question of “proper” 
balance. Decreasing the number of topics may be 
the result of this too. Sometimes the professor’s 
enthusiasm spawns time-consuming anecdotes, rami- 
fications, and applications. More often, however, it is 
a, growing awareness on his part that gaps in knowl- 
edge are not as bad for the student as is superficial 
familiarity with information without evaluation and 
criticism. To keep a student busy learning facts 
(either descriptive information or theoretical concepts 
dogmatically handed out) is not a legitimate goal for 
any course. To question, digest, and evaluate a 
limited number of ideas which the chemist uses every 
day in his work certainly is. 

Joel Hildebrand has said it plainly: “It is not what is 
poured into a student but what is planted that counts.” 


= 
| | 
| 
- 
{ J 
Edttors Outlook 


Dvnrne the past few years a new and strange disease 
has reached epidemic proportions among the youth of 
our nation. To some of us it appears that every high 
school student we meet has just fired a rocket, is build- 
ing one, or is looking for advice concerning the con- 
struction of one. Although presumably the majority 
of our youth is still uninfected, the symptoms of the 
malady are sufficiently severe and the outcome oc- 
casionally so tragic that the phenomenon is worthy of 
consideration. The construction of even a small rocket 
presents numerous problems and some of the hazards 
are obvious even to the novice, so that the builder 
usually turns to a teacher or other scientist for advice. 
It is very important that the prospective adviser be 
fully aware of the difficulties involved, the benefits to 
be obtained, and the dangers which must be circum- 
vented. 

While science projects, science clubs, and science 
fairs have contributed greatly to the interest of young 
people in science and have given needed stimulation to 
the more gifted of them, there is one danger inherent in 
all such activities. Once the student has had the 
experience of flying intellectually, he is likely to find 
it extremely dull learning to walk. The extra-curricu- 
lar activity skims off the cream of glamor and leaves 
only the more pedestrian areas to be covered in formal 
course work. The author has had experience with 
several students with quite brilliant minds who were 
inventive, imaginative, and resourceful, yet who did 
very poor work in their college science majors. As 
college freshmen they were able to evaluate maximum 
flame temperatures from heat capacity data but un- 
willing to learn to balance chemical equations. They 
could discuss the problems involved in controlling 
nuclear fusion with some depth of understanding, but 
received a poor grade in the elementary physics course. 
One might say that the difficulty is with the course and 
not the student, yet everyone must at some time learn 
to work when necessary at tasks which are not of im- 
mediate personal interest. Whether these students 
would do better if they were not encouraged to skip 
so far ahead in certain areas is difficult to say. 


DISADVANTAGES OF ROCKETRY AS A STUDENT 
PROJECT 


Even if we assume that the average gifted student 
should be encouraged and helped to undertake in- 
dividual projects of an advanced nature, the construc- 
tion of rockets leaves much to be desired as such a 
project. 

There can be no question that the construction and 
firing of a rocket is inherently hazardous. As will be 
discussed below, it is possible to work in such a way 
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AMATEUR ROCKETRY 


JAMES E. BOGGS 
The University of Texas, Austin 


that the dangers are adequately guarded against, but 
this requires rather elaborate precautions and constani 
supervision. The slightest relaxation of vigilance cai 
be disastrous. 

The construction and testing of rockets is expensive. 
While a small rocket can be built for a very reasonable 
sum of money, the facilities and equipment needed for 
safety and for even the simplest tests of the rocket’s 
performance are major items. The facilities needed 
are quite specialized and the project cannot be carried 
through in its entirety in a basement or garage or even 
a school laboratory. In fact, throughout many regions 
of the country the safe firing of a rocket in free flight is 
impossible. 

Rocketry is a field in which the emphasis can too 
easily be put on hardware rather than on scientific 
principles. While most researchers are convinced that 
scientific research is at least one-third plumbing and 
one-third dishwashing, a useful student project should 
have a core of solid scientific understanding. It is 
perfectly possible for a student to build and fire a 
rocket without gaining the least comprehension of the 
basic principles of rocket propulsion and design, com- 
bustion chemistry, or any other scientific area. It is 
the author’s serious opinion that any student wanting 
to do nothing more than build a single uninstrumented 
rocket and fire it in free flight should be strongly urged 
to choose a different project. 

While the history of amateur rocketry is a long 
and honorable one, most of the early work on rockets 
having been done by dedicated amateurs, there now 
remains little if any original work that can be done by 
an amateur group. There are many other fields where 
small but real contributions to scientific knowledge 
can be made by an exceptional high school student. 
The science of rocketry, however, has now developed 
so far, is being pressed so strenuously, and requires so 
much expensive apparatus for all but the simplest 
tests, that the frontiers are beyond the reach of « 
small private project. Not the least difficulty in thi- 
respect is the fact that most of the known information 
on the subject is not accessible to the student. 


THE GOOD POINTS 


The arguments against amateur rocketry as a studen' 
project have now been strongly stated. There is 
however, one argument in favor of such activity tha' 
is perhaps strong enough to counterbalance all of th: 
disadvantages. - Many students want to build rockets. 
An outside scientific project to which a student mus‘ 
devote the time and enthusiasm required to accomp- 
lish anything worth while cannot be assigned. I 
must be something that the student himself wants to 
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TION 


lo more than he wants to watch television or play 
yaseball or go fishing. While we may feel that a 
<tudent would learn more from experimentation with, 
say, paper chromatography than by building a rocket, 
this is often not the choice we have. We may, if we 
wish, try delicately to guide the student’s interests 
along other lines, but if we insist we are likely to lose 
him altogether. 

The interest of young people in rocketry stems from 
several sources. It is certainly exciting. Anyone who 
has listened (from inside a concrete blockhouse) to the 
tremendous roar from the static testing of even a small 
rocket motor, or observed (through a suitable system of 
mirrors) the sheet of flame from the exhaust, or watched 
(from a protected position a considerable distance 
away) a heavy rocket lift gracefully into the sky can 
vouch for this. The feelmg of tension that mounts as 
the count-down for a free-flight firing proceeds is 
guaranteed to impress even the blasé scientific adviser. 
While there are many who will deplore this “Gee 
Whiz!’ approach to science, as it is sometimes called, 
it certainly has its appeal, and is not out of place if it 
comes as the culmination of lengthy technical work 
and is not considered an end in itself. 

A part of the interest in rocketry is no doubt due to 
the current events of our time. It may well be that in 
a few years when rockets are more commonplace and 
the sky is filled with orbiting satellites, some other 
scientific endeavor will preoccupy our youth. It is 
worthy of note, however, that the rise of interest in 
amateur rocketry came well before the Sputniks. 

In spite of the disadvantages listed earlier, the 
acceptance of student interest in rocketry should not 
necessarily be one of merely reluctant tolerance. There 
are factors which under certain conditions can make 
rocketry a very desirable educational activity. To 
start with, if the student’s interest can be guided away 
from the purely fireworks aspect, he can get a glimpse 
of a very wide variety of scientific and technical fields. 
He will need to learn about strength of materials in 
designing the rocket chamber and test equipment. 
The design of the fins and the weight distribution in 
the rocket for stability in flight can lead him quite far 
into aerodynamics. Some knowledge of fluid dynamics 
is necessary for proper design of the nozzle and under- 
standing of the flow of the exhaust gases. Considera- 
tion of fuel problems and the combustion process 
involves a great deal of both physical chemistry and 
knowledge of chemical reactions. Calculation of trajec- 
tories will make use of the basic laws of mechanics. 
Considerable knowledge of electronics and instrumen- 
tation, together with a good deal of ingenuity in minia- 
turization, will be involved in obtaining performance 
data on a rocket flight. Even such experience as 
operating machine tools, and possibly bricklaying 
and construction with concrete, can prove of value. 
There are not many projects which will appeal to a 
student that have contact with such a variety of 
subjects. 

It is not likely that one or two students can enter 
the field of amateur rocketry with profit. If the 
project is to go deeper than the purely spectacular, 
there is too much to learn and too much work to be 
done for a group of less than half a dozen, together 
with a competent and devoted adviser. This imposes 
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Figure 1 


1 hing of an rocket which reached an altitude of over two 
miles. Students in the background were over 500 feet from the launching 
site, but they cannot be considered safe in this exposed position. 


a limitation on the number of places where such work 
can be done, but it also provides valuable experience 
in working in a group where each member makes his 
partial contribution in the area of his deepest interest. 
As an illustration of the type of group that can operate 
effectively, the Southwestern Rocket Society at The 
University of Texas consists of about 30 students from 
such varied fields as chemistry, physics, mathematics, 
chemical engineering, aeronautical engineering, me- 
chanical engineering, and even an occasional business 
administration or fine arts major. As might be ex- 
pected in any such organization, most of the work is 
done by a small number of the members who have the 
strongest interest and who consequently profit most 
by the experience. A number of similar groups are 
also active in various high schools around the country. 

Although, as pointed out above, there is very little 
that a group of students can do that will make a new 
contribution in the field of rocketry, nearly everything 
they do will require original thinking on their part. 
The very lack of information that hampers their 
advance also requires them to go over the same dis- 
coveries that others have made before. If the project 
is intended to give the students an introduction to the 
research method and exercise their inventiveness, it 
does not matter too much whether their discoveries 
are original in an absolute sense or merely original to 
them. 


HAZARDS AND SAFETY 


It is now quite evident that rocketry is dangerous. 
The safety record of builders of amateur rockets is far 
from good. There have been numerous instances 
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recorded in the newspapers of students and occasionally 
teachers losing their lives or being badly injured in 
explosions of homemade rockets or rocket fuels. The 
number of misadventures that because of pure luck 
did not lead to injury is probably many times greater. 
Nevertheless it is possible with suitable precautions 
and limitations to make rocketry at least as safe as 
such popular pastimes as hunting, skiing, or football. 
There may also be some merit in showing students that 
dangerous materials can be handled safely by working 
properly under close and competent supervision. 

Safety is a relative thing, since nothing we do in our 
uncertain existence can be considered as absolutely 
without peril. The problem is to reduce the probabil- 
ity of mishap to a point where it can be considered 
vanishingly small. One common way to reduce the 
probability of an accident is to arrange work in such a 
way that a number of very unlikely events must occur 
simultaneously for the accident to occur. An observer 
at a rocket test is adequately safe if he can say, “It is 
very unlikely that the rocket will explode. If it 
should, I am far enough away that there is not a chance 
in a thousand that a fragment would fly directly toward 
me. Furthermore, if a fragment should fly directly 
toward me, the barrier in front of me would stop any 
conceivable blow.” He is probably safer here than he 
would be crossing the street. As the chain of unlikely 
events becomes shorter, or as one of the events becomes 
more likely, the protection offered by some other one 
of the devices must be correspondingly increased. 
Thus if a static test is being made on a rocket fuel 
which is very likely to explode when ignited, a greater 


distance or a stronger barrier is called for. There is 
nothing like a foot or two of reinforced concrete in all 
directions to make the scientific adviser’s lot a happier 
one. 


There is one basic principle which should guide all 
work with rockets. If a thing cannot be done with 
maximum safety, it must not be done at all. This 
imposes a severe limitation on projects which can be 
undertaken, but it is a rule which must never be vio- 


lated. A statement which should never be heard - 


around a rocket facility is ‘Well, we were lucky that 
time.” 

Perhaps it would now be worth while to discuss 
some of the specific hazards involved in amateur 
rocketry and sketch out in a general way what. must 
be done to overcome them. Some of these dangers 
are immediately obvious, but others are too often 
given scant attention. There are dangers associated 
with the machine shop work involved in constructing 
the rocket itself and with the electronics work con- 
nected with test equipment, but these are well enough 
understood without further elaboration. The new 
dangers arise in devising and compounding the fuel, 
loading the rocket, making static tests, and actual 
free-flight firing. 

The most popular fuel for amateur rockets is a 
mixture of zinc dust and powdered sulfur. This is 
actually a very poor rocket fuel. While the heat of 
reaction to form gaseous zinc sulfide is high, most of 
the product condenses to solid while still inside the 
rocket and the large heat of sublimation is lost. The 
molecular weight of the exhaust is far too large. Asa 
result of these and other factors, the specific impulse 


that can be obtained is quite small. The mixture has 
just two things to commend it to the amateur: it is 
cheap and it is relatively safe. No accidents have yet 
been reported using this mixture without additives. 
Nevertheless, the experimenter should not relax his 
vigil because of the relative low power and past good 
record of the mixture. Although the fuel is poor 
compared with commercial rocket fuels, it has enough 
power to throw its own weight of steel several miles 
into the air. It is potentially a very dangerous materia! 
and should be treated with great respect. 

The members of a rocket club may wish to experiment 
with various fuel compositions. The pure mixture of 
zine and sulfur burns too rapidly to give optimum 
performance and they may want to try various additives 
to control the burning rate. Also, the use of a pow- 
dered fuel in a rocket has severe disadvantages and 
various amateur groups have tried different expedients 
to surmount this difficulty. Eventually the members 
may want to experiment with entirely different solid 
fuels or with liquid propellants. It might be men- 
tioned in passing that experiments with chlorates as 
oxidizers have been uniformly disastrous and have 
caused most of the injuries reported from amateur 
rocketry. Perchlorates are nearly as bad. For any 
experiments of this sort the general rule is to start 
with small quantities. When working with explosives 
the term small quantities does not mean a few grams 
but rather a few milligrams. Only after exhaustive 
testing has shown a new propellant to be safe at the 
milligram level should it be prepared on a larger scale. 
The same testing must now be repeated on the larger 
scale with much more elaborate safety precautions 
since sensitivity is often a function of the quantity of 
material at hand. The average professional chemist 
is not competent to supervise such work. It should be 
undertaken only under thedirect supervision of a chemist 
trained in the development and testing of explosives. 

While no accidents have been reported during the 
mixing of zine dust and sulfur, this must be considered 
one of the potentially hazardous portions of the work. 
The mixture is difficult to ignite and is not sensitive to 
shock, but there is always the possibility of ignition 
during mixing by abrasion in the mixing device or by a 
spark from static electricity. The mixing may well be 
done in small batches in a motor-driven drum operated 
by remote control. Obviously, the mixed fuel should 
not be stored or transported. 

Such a variety of techniques have been used in load- 
ing the fuel into the rocket that no general safety 
principles can be laid down. The thing to remember 
is that one must not rely on his conviction that the 
mixture will not explode; he must be protected against 
the unlikely event that it does. 

More useful information can usually be obtained 
from adequately instrumented static testing of a rocket 
than from firing it in free flight. A rocket group will 
need an installation where such tests can be made. 
The requirements include an isolated area, a suitably 
protected test stand, and a blockhouse for the exper!- 
menters. The best hope of meeting these requirements 
usually lies in finding some abandoned industria! 
facility where brick or preferably concrete buildings 
can be adapted to the new use. The test stand, mounted 
outside, must be capable of standing any expected 
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force with a considerable margin of safety. Again, 
consideration must be given to what would happen if 
the rocket motor under test did tear loose. All firing 
is done by remote control from inside the blockhouse. 
Observation facilities should not allow direct-line 
vision but should involve a mirror arrangement. In- 
formation on performance of the rocket motor can be 
obtained from calibrated strain gauges mounted on the 
test stand with the output fed into some sort of re- 
cording system. Additional instrumentation to meas- 
ure temperatures and pressures can be devised as the 
ingenuity and means of the experimenters allow. 

The requirements for free-flight firing of a rocket 
are even more restrictive. Again, the actual ignition 
of the rocket must be done by remote control from a 
safety bunker at a considerable distance. In con- 
structing field facilities for personnel, thought must be 
given to two main dangers. The rocket may explode 
when ignited, so protection must be provided against 
flying shrapnel originating from the launching stand. 
Secondly, the rocket may behave erratically and explode 
in the air or come back down near its point of origin. 
Thus considerable protection is needed above the 
viewers as well as in front of them. 

There are two other hazards connected with the 
free-flight firing of a rocket that deserve some attention 
—photographers and visitors. The author has nothing 
against photographers as such but there does appear to 
be a mechanism such that the act of grasping a camera 
disconnects the portion of the brain that controls an 
individual’s normal instinct of self-preservation. An 
adequate photographic record of the launching of a 
rocket is very valuable, but the same safety require- 
ments must apply to a person with a camera as to one 
without. The cameras may well be mounted outside 
the safety bunker and operated by remote control. 
Since a rocket propelled by zine dust and sulfur has a 
high take-off velocity, the best pictures are often 
made by setting off the camera with the same signal 
used to fire the rocket with about a half second of 
delay put in the line. 

If the projected time of firing a rocket has been 
publicized in advance, the experimenters may be dis- 
mayed on arriving at the firing location to find fifty or 
a hundred sightseers milling around. The best plan 
in such an event is to turn around and go home. It 
is difficult enough to enforce adequate safety precautions 
with a well-disciplined group of students; with a 
number of outsiders it becomes impossible. There 
have been firings by rocket groups that were attended 
by twenty or more representatives of local papers, 
radio and television stations, news services, and national 
magazines. It is difficult under such conditions to 
prevent the reporters and photographers from taking 
over the show. They should be allowed to be present 
only if suitable facilities have been provided for their 
safety and if they can be forced to abide by the neces- 
sary safety precautions. In any case. most rocketeers 
have now learned that it is best to brag about a rocket 
only after it has been fired. 

Frequently a rocket group is so intent on defying 
the law of gravity to get a rocket into the air that too 
little attention is given to the fact that gravity wil! 
always win in the end. The rocket will come down 
somewhere. A rocket six feet long powered by zinc 
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dust and sulfur is capable of reaching an altitude of 
several miles or covering a horizontal distance of four or 
five miles. A number of rocket clubs have obtained 
such performance. The launching devices used by 
most organizations are incapable of very precise control 
and there is no very certain knowledge of the per- 
formance that the rocket will give, so that a great deal 
of variation must be allowed in predicting the path of 
the rocket. The rocket must be fired at angle from the 
vertical sufficiently large that there is no possible chance 
of its coming back down on the launchers. On the 
other hand, it must not be fired at such a low angle 


A solid-fuel rocket motor mounted on a test stand at the static test facil- 
ity of the Southwestern Rocket Society. Pick-ups shown provide for the 
measurement of thrust, pressure, and temperature. 


that it can carry outside of the area under the direct 
supervision of the experimenters. Thus for a rocket 
of the size we are discussing, complete control over an 
empty area four or five miles on a side is required. 
Even a very small rocket can carry for a surprising 
distance. 

It will be realized that there are relatively few places 
in the country where large rockets can be fired under 
adequate control. Firing over water is not sufficient 
unless some means can be found for ensuring that no 
boats will come into the area. The possibility must 
also be considered that airplanes may fly into the 
line of fire even after the rocket has been launched. 
In firing over desolate land, one must still be sure 
that no hikers or hunters have wandered into the 
region. There are a few places where this can be done, 
but not many. At least one amateur group has an- 
nounced plans to construct a rocket capable of rising 
to a height of thirty miles. It is difficult to think 
of a place where a rocket of this size could be safely 
fired unless arrangements can be made to fire it on a 
military rocket range. 

A number of localities have laws or regulations 
prohibiting or regulating the firing of rockets. Such 
laws are likely to become more common if the indis- 
criminate firing of amateur rockets continues. 

In view of all of the stringent requirements we have 
outlined for safe student work with rocketry, one may 
well wonder if it is ever possible for such work to be 
carried out. In most situations very likely it is not. 
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The proper combination of a large enough group of eager 
participants, adequate facilities, and competent super- 
vision will only rarely be available. Unfortunately, 
in many instances work is being carried on under 
conditions which are definitely unsafe and without any 
sort of supervision. The author has had a phone 
call from an apprehensive mother who reported that 
her son had built a six-foot rocket in the basement, 
loaded it with fuel, and was wondering what to do now. 

On the other hand, when a group of enthusiastic 
students do get together, their ingenuity and inven- 
tiveness in overcoming obstacles must not be underesti- 
mated. Their ability to contrive simple but effective 
alternatives for doing jobs, for which the professional 
researcher’s solution is complicated and expensive 
apparatus, is an education in itself. The knack which 
they possess for begging or borrowing materials, 
apparatus, tools, time, assistance, and advice from 
supposedly unapproachable sources is fascinating to 
behold. 

For an illustration of the type of organization that is 
possible under certain circumstances, we may mention 
again the Southwestern Rocket Society at The Uni- 
versity of Texas. Over the three years of its existence 


as an extracurricular club, the Society has amassed a) 
impressive array of equipment and facilities. Sinc 
the members have shown responsibility in their be- 
havior, they are welcomed in several laboratories anc 
shops on the University campus. They have es- 
tablished a static test facility at the University’ 
Baleones Research Center just outside of Austin 
Various concrete pits and runways, remnants of th 
magnesium plant that was located on the site befor 
it was turned over to the University, formed an ex- 
cellent start for further construction of a test area anc 
blockhouse. The facility is thoroughly instrumente:: 
for study of performance of rocket motors. Even i 
a state with as much sparsely settled land as Texa: 
there was considerable difficulty in finding an are: 
for free-flight firings. Arrangements have been made. 
however, with the owner of a large ranch where amp|«: 
space to fire at least medium-sized rockets is no\, 
available. 

Where proper facilities and supervision are available. 
amateur rocketry can be a rewarding project for the 
superior student at either the high school or college 
level. When these conditions are not met, rocketry 
is better left strictly alone. 


INEXPENSIVE, NON-CLOGGING, NON-FREEZING BURET VALVE! 


TirRATION with bases has long been a problem, be- 
cause any trace of these solutions left after the titration 
can cause stopcocks to freeze. This problem was 
responsible for a $100-plus annual bill in freshman 
chemistry for one university known to the author. 
Some universities accordingly have adopted the Mohr 
buret with Bunsen (bead-in-rubber-tube) valve; this is 
not an entirely satisfactory answer, however, because 
bases make the bead slippery and thus hard to control. 
Teflon or nickel stopeocks have been recommended, but 
are rather expensive. 

A simple valve which does not seem to have been de- 
scribed before has been developed to meet this need, as 
illustrated. Its use requires the same technique em- 
ployed with the Bunsen valve:? the valve is opened by 
pinching the tubing, air is expelled by pointing the 
delivery tip upward, and the valve is ready for use. 

The channel shown permits delivery by squeezing 
anywhere on the periphery rather than just over the 
hole; however, one must be careful not to squeeze the 
tubing over the channel or else liquid will be forced out 
and replaced by air. 

If one eliminates the channel, one eliminates the 
latter difficulty, but also the cited advantage. In 
addition, models without a channel have been found to 


‘This work was performed under the auspices of the United 
States Atomic Energy Commission. 

? See, e.g., BENEDETTI-PIcHLER, A. A., “Essentials of Quantita- 
tive Analysis,’’ Ronald Press, New York, 1956, pp. 127-29. 
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require more finger pressure than models with a channel, 
which is rather tiring with ordinary rubber tubing. 
The air trapped in the upper bulb is not believed to 
introduce appreciable error either through changes in 
amount or through variation in compression with hy- 
drostatic head. However, the design could readily 
be modified so that it would not trap air, at the expense 
of making it somewhat harder to construct. For in- 
stance, the upper bulb could be filled with paraffin. 
The present design requires no special ability in glass 
blowing, although student construction is probaly 
inadvisable. Since stopcock grease is not used, the t'p 
will not clog with detached grease, nor can the val\e 
freeze. One-piece construction minimizes storage pro '- 
lems, since the bead cannot become separated fron 
the tip. When bulb and rubber tube diameters we'e 
properly chosen, no difficulty was experienced wih 
leakage. One should take precautions to preve't 
change of position of the rubber tube on either buret 
tip. Under these conditions, the slipperiness of t' ¢ 
bead when used with bases becomes an advantage. 


JOURNAL OF CHEMICAL EDUCATION 


, 
| 16 
| 
Sor 


sed an 
Since 
ir be- 
and 
re es- 
rsity’s 
Justin 
of the 
befor: 
an ex- 
a an! 
lente 
yen i) 
Texas 
are: 
made, 
ample 
Nov 


lable. 
or the 
ollege 
*ketry 


annel, 
ved to 
ges in 
th hy- 
eadily 
cpense 
or in- 
glass 
bab! v 
he tip 
valve 
pro:- 
from 
were 
with 
eve it 
ret or 
f the 


ATION 


THE METAL-CARBON BOND IN METAL ALKYLS 


Dvnrne the last ten years a considerable amount of 
data has been accumulated about the strength of 
metal-carbon bonds. For example, in the carbonyl 
compounds of the transition metals the bonding con- 
sists of a o-bond supplemented by z-bonding (/). 
On the other hand, the alkyls of beryllium, which in 
the dimer molecules are electron deficient, contain 
“methyl bridges” between beryllium atoms and these 
metal-carbon “‘half-bonds” are weaker than the normal, 
single covalent bonds (2). In the metal-cyclopenta- 
dienyl compounds such as ferrocene, where the iron 
atom is “sandwiched” between two cyclopentadienyl 
rings, each ring must be considered as a whole and the 
molecular orbital treatment results in a single covalent 
bond from the ring as a whole, not from particular car- 
bon atoms, but “resonating” equally among all five 
carbon atoms. Metal-carbon bonds which are not 
complicated by such problems, and which therefore pro- 
vide a simpler starting point, are those found in the 
alkyl compounds of the non-transition metals, with an 
underlying shell of 18 electrons, i.e., Zn, Cd, Hg; Ga, 
In, Tl; Ge, Sn, Pb; and As, Sb, Bi. 


EXPERIMENTAL DETERMINATIONS 


The determination of bond strengths in these com- 
pounds has been approached in two different, but com- 
plementary, ways. The first method uses the heat of 
formation of the gaseous molecule, AH,°(gas). In an 
organometallic molecule, MR,, having n M—R bonds 
all of the same type, the energy required to remove all 
the R groups, the total dissociation energy, may be 
divided equally among the n bonds to give a ‘“‘mean 
dissociation energy,” D. For the dissociation process 


MR,.(g.) M(g.) + nR(g.) 


in which all the R groups are removed and the gaseous 
metal atom is left in the ground state, D is defined ther- 
chemically by the equation: 


Bu * + aH,(R,g.) — AH,°(MR,,,g.) 


In addition to the heat of formation of the gaseous 
organometallic compound, it is necessary to know the 
het of atomization of the metal, and the heat of forma- 
tion of the gaseous organic radical, R. Heats of atom- 
ization of these non-transition metals are known (3), 
although only those for the Group II metals are reli- 
able, the remainder being in some doubt. Heats of 
formation of the radieals, R, can be calculated from 
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known data on the paraffins. The dissociation energies, 
D(R—H) have been measured, mainly by using the 
electron impact method (see for example Stevenson 
(4)), and the heats of formation of the paraffins and of 
atomic hydrogen are well established. Substituting 
these in the equation, 


—D(R—H) = AH;°(RH,g.) — AH,°(R,g.) — 4H;°(H,g.) 


the heats of formation of the radicals are derived. The 
heats of formation of the organometallic compounds 
have been determined by measuring the heats of their 
reactions. Combustion, in which the compound is 
degraded by oxidation, is not as reliable as with the 
simpler organic compounds, for although the heats of 
formation of CQ. and H.O are well known, those of 
most metallic oxides are not known to the same accu- 
racy. The complexity of the combustion products 
requires the development of particular analytical tech- 
niques (5). Reactions other than combustion have 
been used successfully, in particular hydrolysis (6) 
and halogenation (7). Such a reaction is 


ZnEt, + 21. + 


As the heat of reaction is the difference between the 
heats of formation of the products and reactants, if 
this is measured and the heats of formation of methyl 
iodide, iodine and zine iodide are known, that of the 
zine diethyl can be calculated. 

Although this approach gives the total dissociation 
energy, which may be divided among the n bonds, to 
give a mean dissociation energy, it gives no information 
about the actual heat required to remove the first or 
subsequent R groups, i.e., D,, De, etc., for it is usually 
the case that D ¥ Dz. 

In the second method of determining bond dissocia- 
tion energies, the molecule is dissociated into its frag- 
ments, usually by pyrolysis. The kinetics are used to 
calculate the velocity constant and the activation energy 
of the decomposition reaction. This method has been 
applied to a number of organo-mercury compounds, 
HgRo, and Warhurst (8) has found that these fall into 
two classes, according to the type of decomposition. 
The first group contains those metal alkyls which dis- 
sociate to lose one R group, i.e., HgR. ~ HgR + R. 
The activation energy of this reaction is taken as the 
dissociation energy, D,, of the first mercury-carbon bond. 
On the other hand there are those compounds in which 
it is supposed that the activation energy is not local- 
ized in one bond, but in both the metal-carbon bonds, 
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_ ‘TABLE 1 
D in kcal./mole in MRn 


Propyl Butyl 


40.2 + 2(10) 42.4 + 4(10) 


24.7 + 3.5(12) 
23.3 + 0.3(13) 


51.4 (10) 


* Assuming AHyap. = 14 keal./mole. 
» Using AH;°(Sb, g.) = 48.3 keal./mole (18). 


57.2 


Note ADDED IN PROOF: 
D(Ga—C) = 56.7 + 4 keal./mole in GaMe; (32) 


so that the first step is assumed to be HgR, ~ Hg + 
2R (9). In these cases the activation energies of the 
first order decompositions are approximately equal 
to the sum of the first and second dissociation energies, 
(D, + D2). 

MEAN DISSOCIATION ENERGIES 


Mean dissociation energies, calculated from data 
provided by both the thermochemical and pyrolysis 
methods are given in Table 1, for some non-transition 
elements. It is interesting to note two variations in 
the mean dissociation energies. The first is that within 
a group this energy decreases with increase in the atomic 
weight of the metal. The second trend, which can be 
seen in the Group II alkyls, is that for a given metal 
there is an increase in the mean dissociation energy along 
the series methyl, ethyl, isopropyl, similar to the change 
in D(R—H) values in the paraffins. The exception to 
this is D(Hg—C,H;) which is greater than would be 
predicted from D(R—H) values, presumably because 
of the possibility of conjugation of the mercury atom 
with the z-orbitals of the benzene ring, thus strengthen- 
ing the metal-carbon bonds. 

However, these figures can be deceptive and it can- 
not be assumed that the energy required to break a par- 
ticular bond, say the removal of the first methyl group 
in mercury dimethyl, is equal to the mean dissociation 
energy, nor that the mean dissociation energy is a 
measure of the intrinsic bond strength in the molecule. 
One of the reasons for this is that often large energies 
are involved in exciting the metal atom to the valence 
state. Thus in their atomic ground states, the ele- 
ments of Group II are zero-valent, having no unpaired 
electrons, so that the formation of a stable covalent 
bond requires an initial excitation of the metal atom to 
the divalent state, involving sp hybridization. 


STEPWISE DISSOCIATION ENERGIES 


For the Group II compounds, MRe, we have >(/) 
= D, + Dh, so that if the total dissociation energy be 
known and D, has been measured, Dz is calculated by 
difference. Values for those energies which are known 
are shown in Table 2. For arsenic trimethyl and the 
lead and germanium tetra-alkyls only =(D) and D, 
are known, so that it is impossible to derive the other 
“stepwise” dissociation energies. In Group II, for the 
zinc, cadmium, and mercury alkyls it is seen that the 
D, values are very much greater than those for 1)». 
To account for this Skinner (24) has suggested a treat- 
ment with the following outline. The two dissociation 
processes are: 

MR.—~> MR+R 

MR~>M +R 
The diagram shows the energies associated with these 
changes. The zero energy level corresponds to the ele- 
ments, carbon, hydrogen and metal in their standard 
states, while the next level is that of the gaseous metal 
alkyl, the formation of which is usually accompanied 
by an increase in enthalpy. In the first dissociation 
process an alkyl radical is removed leaving the group 
M*R, in which the metal atom is still in the excited 
state. In the second dissociation process the metal 
atom now falls in energy to the zero-valent state and the 
excitation energy, x, is forthcoming from the M*R 
group itself. If, however, the metal atom were to 
remain in the excited state, the second dissociation 
energy would be (D, + x). Conversely, the formation 
of the molecule from the excited metal atom may be 
considered in two steps. 

On the close approach of the group R there are three 
“ideal states” which may be formulated: (7) M*—X, 
the covalent state deriving from the excited metal 


—D, keal. 
—D, keal. 


_ ‘TABLE 2 
= (D), D, and D, in kcal./mole 


Methyl Zn Cd Hg 


Ge 


82.0 
47.0(19) 
Dy 35.0 
Ethyl 


65.8 
45.8 (20) 
20.0 


>(D) 45.1 
D, 42.5 (8) 
3.1 


Dz 


57.3 
51.3 (21) 
6.0 


51.0 (22) 36.9 (23) 
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Mey Ethyl Phenyl | 
Group II | 
Cd = 32.9 + 2(6) 26.5 + 3(6) 
(a ae Hg 28.7 + 2(7) 22.6 + 3(11) po 20.2 + 3.5(12) 31.8 + 5(14) | 
7 ae 20.2 + 0.5(9) 34.0 + 2(8) | 
Group IV 

Sn 54.0 + 6(15) 52.8(10) | 
Pb 43.4 + 2(15) 

As 51.5 +2 (6) 

Sb 46.6 + 2(16) 

Bae 173.6 154.6 

54.6 (23) 
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atom, using sp hybrid orbitals; (7) M°X, the non- 
bonding state, with the metal atom having an electron 
pair in the s orbital; and (777) M R, the ion pair result- 
ing from an electron transfer from M to R. Thus we 
may write r= E*(M—C) Rupr, where E*(M—C) 
is the covalent bond energy, using sp hybridization, and 
Rur is the resonance energy due to the states M°R 
and MR. 

The formation of a second M—R bond, to give MR, 
can occur on the approach of another R group without 
further excitation of the M atom, so that 


D, + Dz + x = 2E*(M—C) + Rupr; 
where Rr, is the total resonance in the MR: molecule 
from such structures as R—M*—R, R M°R, R—MR, 
RMR. Hence 


D, = E*(M—C) + Rupr: — Rur 
D, + E*(M—C) + Rur -— 2 


RESONANCE STABILIZATION 


We can now calculate the amount of stabilization due 
to resonance energies, and from our knowl- 
edge of D,, and De, together with the excitation energy, 
z, values of which have been calculated (31), and 
E*(M—C). This covalent bond energy can be esti- 
mated by taking the “‘geometric”’ mean, 


E*(M—C) = VE*(M—M). £E*(C—C) 


where E*(M—M) is the metal-metal bond strength, 
with respect to the excited atoms, and E*(C—C) is 
taken as 83 keal., (i.e., D(CH;—CHs;) assuming that 
the “reorganization” energy of dissociated CH; radicals 


TABLE 3 
M(CH;)2, Energies in kcal./mole 
*E 
(M—M) E* 
M x (18) (M—C) Rwr Rupr: 
Zn 103.5 22.3 43 96 100 
Cd 98.3 20.6 41 77 82 
Hg 128.2 23.1 4 90 97 


is small). These values are shown in Table 3, together 
with those for and Rury. 

From these figures emerges the fact that the reso- 
nance energy on forming the first bond, Rwur, is large. 
The reason for this may lie in a considerable ionic- 
covalent resonance, since the excited metal atom will 
be more electropositive than the ground state atom, 
or a large contribution from the non-bonding struc- 
ture (8). Secondly, the total resonance energy Rupr, 
is only slightly larger than Rue in the diatomic mole- 
cule, probably because the non-bonding contribution 
to each M—C bond in MR: is much less, since these 
bonds must have more sp character due to the geometry 
of the molecule, than in MR where the bonds could 
well have less p and more s orbital contribution. 

With AsMe; it is not possible to carry the analysis of 
dissociation energies so far. The value D = 51.5 
keal. may be compared with D, = 54.6 keal. Bear- 
ing in mind that D may be in error by 3 keal., due to 
uncertainty in the sublimation heat of arsenic, there is 
little difference between D and D,. The excitation 
energy of arsenic to the valence state is small (almost 
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pure p bonding is probably involved) and if the pure 
covalent bond energy, E*(As—C) is assumed to be 
53.5 keal. (the geometric mean, taking E*(As—As) = 
34.5 keal. (25)), then in this case there is little contribu- 
tion to the bond strength from ionic-covalent reso- 
nance. 


EFFECT OF ELECTRONEGATIVE GROUPS ATTACHED 
TO THE METAL 


In the molecules so far considered, the bonds to the 
metal atom have all been of the same type. Some 
information is available about how the metal-carbon 
bond is affected by attaching other atoms to the metal, 
e.g., in molecules of the type RHgX, where R is an 
alkyl group and X isa halogen. The bond dissociation 
energy D(R—HgX) has been measured directly by 
pyrolysis for a number of compounds. It can also be 
calculated from AH,°(RHgX,g.) using the thermo- 
chemical equation, 


D(R-HgX) = AH,°(HgX,g.) + 4H,°(R,g.) — SH,°(RHgX,g.) 


In this way D(R—HgX) values have been calculated 
where R = methyl, ethyl, propyl, isopropyl, and phenyl, 


TABLE 4 
D(R—HgX) in kcal./mole 


Tso- 
Methyl Ethyl Propyl propyl Phenyl 


(11) (11) (12) (12) (14) 
Cl 63.843 58.4+4 60.2+4 56.2+6 
Br 61.3243 55.6244 57.6244 545245 6226 
I 68.5243 51.845 53.145 49. 8+6 


and where X = Cl, Br, and I, and these are shown in 
Table 4. 

Comparison of D(CH;—HgX)~60 keal. with D,- 
(CH;—HgCH;) = 50.1 keal., shows a marked strength- 
ening of the Hg—C bond in the mixed compounds, to 
the extent of some 10 kcal. This decreases in passing 
from Cl through Br to I, correlating with the reduced 
electronegativity of the halogen. Similarly, there is 
an increase in the difference between D(R—HgX) 
and D(R—HgR) as R ascends the series methyl, ethyl, 
isopropyl. This trend matches the order of electro- 
negativity given by Kharasch (26), methyl > ethyl > 
isopropyl. Thus the R—HgX bond is strengthened 
the more electronegative is X and the more electroposi- 
tive is R. Sheridan (27) has calculated that in the 
molecules RHgX, the Hg—Cl bond has 62% ionic 
character, compared with 55% for the Hg—Br bond, 
so that the bonding in RHgX is considerably influenced 
by resonance between the covalent R—Hg—X and the 
ionic R—Hg X structures. These ionic-covalent reso- 
nance energies will be sensitive to changes in electro- 
negativity, particularly of X, and to a lesser extent of 
R (28). 

It has also been found (23) that whereas in trimethyl 
arsine, D,(As—CH;) = 54.5 keal., in the molecule 
As(CF;)3, Di(As—CF;) = 57.4 keal. and that D(As— 
CF:.CF;) = 48.0 keal. in As(C;F;);. Thus, replacement 
of the methyl groups by the more electronegative tri- 
flucromethy] groups causes a strengthening of the As—C 
bond by~3 kcal. There is no value available for 
D,(As—Et), but if it were ~10 keal. less than for the 
corresponding methyl compound, as seems likely, the 
As—C.F; bond would again be ~3 keal. stronger. 


(14) 
(8) 
—— 
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M* + 2R (g.) 


M° + 2R (g.) 


M*R + R (g.) 


M*R,(g.) 


4 


M°(erystalline) + C(graphite) 
H,(g.) 


CONCLUSION 


It would be interesting to have more data about 
dissociation energies of metal alkyls, particularly for 
Groups III and IV, where it is scanty. Of especial 
interest are the organo-thallium compounds, striking 
features of which are the stability of the type R:TIX 
(in contrast to the corresponding gallium and indium 
compounds, which are either not known, or are very 
reactive) and the instability of the thallium trialkyls 
(29)). However, there is sufficient evidence to show 
that the stability of the alkyls of the non-transition 
metals is due to either a strong, pure covalent, metal- 
carbon bond (Group V) or to a considerable resonance 
energy (Group II). It has been suggested (30) that a 


reason for the difficulties encountered in preparig 
organometallic compounds of the transition elemei's 
may be that the covalent bond between carbon aid 
these metals (using sd” hybridization) is not suffi i- 
ently stable, as compared with the non-transition met: |s 
(using sp” hybridization) and that the electronegati ’- 
ity difference between the transition metals and c: r- 
bon is insufficient to give added stability. 
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ERRATA 


More careful counter-uppers than the author (and the Editor!) have noted that Bi(NOs;); has a 
formula weight of 395 instead of 295 as shown on page 299 of our June 1958 issue. Several corre- 
spondents have called us to task also for allowing the term “gram molecular weight” to have any 
application to ionic substances. We hang our editorial head in pedagogic shame for not insisting 
that the term gram formula weight be used in the same article. 
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* INFRARED SPECTRA OF CHEMISORBED 


MOLECULES’ 


Ti purpose of this paper is to acquaint the chemist, 
wh» does not specialize in heterogeneous catalysis, 
with the advances in this field made possible by tech- 
niques for observing infrared spectra of molecules 
chemisorbed on the surfaces of solids. The change in 
the chemical properties of the adsorbed molecule, 
produced by formation of a chemical bond with the 
surface, is of paramount importance to the phenomenon 
of catalysis because the chemisorbed molecules are 
intermediates in heterogeneous catalytic reactions. 
The information obtained from the infrared spectra 
makes it feasible to discuss chemisorbed molecules in 
terms of concepts which the student encounters in 
basic chemistry courses. This eliminates much of 
the aura of mystery which has surrounded catalytic 
reactions. 

This review is mainly concerned with the spectra of 
carbon monoxide chemisorbed on platinum and un- 
saturated hydrocarbons chemisorbed on nickel. The 
work on these chemisorption systems was undertaken 
because of their importance in fundamental catalyst 
research. They are emphasized here because they 
clearly show the power and flexibility of the infrared 
method in surface chemistry studies. 

Detailed descriptions of the experimental methods 
used to record spectra of chemisorbed molecules have 
been published (1 — 4). The general procedure in- 
volves the use of an in situ cell which makes it pos- 
sible to record spectra while the sample is exposed to 
a wide range of temperatures and gas pressures. All 
of the spectra to be discussed here were observed at 
sample temperatures of 25° — 40°C. However, other 
spectra have been recorded while the sample temper- 
ature was above 500°C. 

Since chemisorption is limited to a monomolecular 
layer, the weight of the chemisorbed material is smail 
compared to the weight of the solid on which it is 
adsorbed. In the case of carbon monoxide chemisorbed 
on silica-supported platinum, the carbon monoxide 
represents only 0.25 weight per cent of the total sample. 
The large amount of solid material in the beam path 
is the major experimental obstacle in obtaining the 
spectra of chemisorbed molecules. The solid causes 
loss of radiation by scattering and by absorption. 
Seaitering is reduced by using particles which are 
smail compared to the wave length of the infrared 
radiition. The present work has been confined to 
the infrared region above 2 microns so materials such 
as 1onporous spheres of silica and alumina, which 


_' Presented as the acceptance address for the Precision Scien- 
tific (Company Award in Petroleum Chemistry before the Division 
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have particle diameters of about 0.02 micron, are 
suitable supports on which to disperse the metal 
particles. The metal particles on which the gas is 
chemisorbed should also be small—less than 0.01 
micron. If the metal particle diameter is as large as 
0.03 micron there is excessive loss of radiation by 
absorption. This absorption loss extends over the 
entire spectral region which is of interest in chemi- 
sorption studies. The silica and alumina also cause 
radiation loss by absorption. However, the absorp- 
tion by these materials is concentrated at specific 
band positions. The first large band due ty Si—O 
or Al—O vibrations is found near 8 microns (1250 
em.~'), thus there is a useful transparent region between 
2 and 8 microns (5000-1250 cem.~—'). 

Evaporated metal films, deposited on infrared 
transparent salt plates, are free from the absorption 
bands due to the support material so they are useful 
over a wider spectral region. However, these samples 
are less efficient than the supported-metal samples 
from the viewpoint of placing a large number of chemi- 
sorbed molecules in the beam path. For this reason 
the evaporated metal samples have been useful only 
in cases where the chemisorbed species has a high 
extinction coefficient. 


SPECTRUM OF CARBON MONOXIDE 
CHEMISORBED ON PLATINUM FILMS 


The fundamental carbon-oxygen stretching vibration 
of gaseous carbon monoxide produces a doublet at 2175 
and 2120 cm.~! The band is split into a doublet 
because the effect of free rotation of the gas molecules 
is superimposed on the stretching vibration. If the 
free rotation were stopped without affecting the 
carbon-oxygen bond, the stretching vibration would 
produce a single band at a position between the doublet 
frequencies. The effect of stopping free rotation has 
been observed (4) in studies of physically adsorbed 
carbon dioxide. In this case the doublet, which is 
found at 2365 and 2335 em.~! in the spectrum of the 
gaseous molecule, is converted to a single band at 
2345 cm.~! when the carbon dioxide is physically 
adsorbed. In physical adsorption the adsorbate is 
similar to a liquid condensed on the surface and no 
new chemical bonds are formed. Thus it is not sur- 
prising that the fundamental stretching frequencies 
are not markedly affected by physical adsorption. 

Chemisorption produces changes in the spectrum of 
the adsorbate which would not be expected from the 
mere stopping of the free rotation of the gaseous mole- 
cule. This is seen in Figure 1, which shows the spec- 
trum of carbon monoxide chemisorbed on evaporated 
platinum films. In this spectrum the carbon-oxygen 


s., 55, 
958, in 
Fura- 
2 


stretching band is found at 2050 cm.-! This is similar 
to the carbon-oxygen bands in carbonyls such as 
Fe(CO)s; and Ni(CO), where the CO group is bonded 
to the metal atom through the carbon (6). On the 
basis of analogy with the spectra of these metal car- 
bonyls it was concluded that the chemisorbed carbon 
monoxide of Figure 1 was bonded through the carbon 
to one platinum atom as Pi—C=0O. This type of 
chemisorbed carbon monoxide is referred to as ‘‘linear” 
in order to differentiate it from the “bridged” form 
in which the carbon is bonded to two metal atoms, 


In Figure 1 the value of J/Ip is 0.89 where J is the 
intensity transmitted at 2050 cm.—! after chemisorp- 


l l l 
2100 2000 1g00 1800 1700 
FREQUENCY cm-'! 
Figure 1. Spectrum of Carbon Monoxide Chemisorbed on Evaporated 
Platinum Films 


tion and Jp is the intensity transmitted prior to chemi- 
sorption. The J/Jo value is related to c, the number 
of molecules per cm.? of beam cross section, by the 
simple absorptivity law = The extinction 
coefficient, k, cannot be specified exactly for chemi- 
sorbed carbon monoxide because it varies (2) with the 
amount of carbon monoxide which is on the surface. 
However, a value of k=300 X 10-* cm.?/molecule 
can reasonably be used to calculate an approximate 
value for c. When this is done, c is found to be 40 X 
10" molecules/em.? Since about 1 X 10" molecules 
of carbon monoxide are chemisorbed on one square 
centimeter of platinum surface, the measured J/Io 
value shows that the infrared beam has passed through 
the equivalent of 40 monomolecular layers of chemi- 
sorbed carbon monoxide. In order to obtain the 
spectrum shown in Figure 1 the beam was passed 
through a series of four films. Thus each single film 
had chemisorbed the equivalent of 10 monomolecular 
layers. The fact that each film chemisorbs 10 times 
more carbon monoxide than would be expected from 
the external geometric area does not contradict the 
basic postulate that chemisorption is limited to mono- 
molecular layers. Previous work (6) has shown that 
evaporated metal films can be porous and have surface 
areas which are greater than the geometric area. 


SPECTRUM OF CARBON MONOXIDE ON 
SUPPORTED-METAL SAMPLES 


Catalytically active metals are often dispersed on 
supporting materials called carriers. The use of 
carriers makes it possible to produce and maintain the 
dispersed metal as small particles which have a high 
ratio of metal area to metal weight. This type oi 
sample has been of greatest utility in the infrared 
study of adsorbed molecules. 

Figure 2 compares the spectra of CO chemisorbed 
on silica-supported Pt and silica-supported Pd. The 
spectrum of CO on silica-supported Pt has a strong 
band at 2070 cm.—! In general this spectrum re- 
sembles the spectrum of CO on evaporated platinum 
films, discussed above, and the same interpretation 
applies, i.e., the carbon monoxide is mainly in the 
linear form. In this case the J/Jo value is 0.45. This 
indicates there were the equivalent of 270 monomolec- 
ular layers of chemisorbed carbon monoxide in the 
path of the infrared beam. 

The spectrum of CO on silica-supported Pd_ has 
strong bands at 1820, and 1925 with a weak band at 
2070 cm.~! The latter is due to linear CO. The 
bands in the 1820-1925 cm.~! region are similar to 
those in carbonyls, such as Fe2(CO)s, which have 
carbon monoxide groups bridged (5) between two 
metal atoms. On the basis of analogy with this type 
of metal carbonyl it was concluded that the 1820-1925 
cm.~! bands represent the bridged type of chemisorbed 
carbon monoxide, 


O 
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Pd Pd 


The lattice parameters of Pt and Pd are almost 
identical so it is not possible to explain the observed 
differences in the structure of chemisorbed CO by 
geometrical concepts based on the spacings between 
atoms of the metal surface. The difference in the 
structure of CO on the two metals depends on chemical 
factors which reflect the availability of electrons at 
the surface. These chemical factors are not well 
enough understood to be useful in explaining differences 
between two metallic elements. However, in cases 
where the distribution between the linear and bridged 


100 


PER CENT TRANSMISSION 


2100 2000 1900 100 
FREQUENCY cm-! 


Figure 2. Spectra of Carbon Monoxide Chemisorbed on Silica- 
Supported Pt and Pd 
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forms can be altered on a single metal some progress 
can be made by use of electron availability concepts. 
These simpler cases will be discussed in subsequent 
sect ions. 


EFFECT OF CARRIER ON THE SPECTRUM OF 
CHEMISORBED CARBON MONOXIDE 


The previous discussion of supported metals was 
limited to the case where the carrier was silica. In 
practice it is found that the nature of the carrier can 
affect the catalytic activity of the supported metal 
evel: though the carrier itself may not be catalytically 
active. The infrared results (4) show that the carrier 
also affects the gas which is chemisorbed on the sup- 
ported metal. The effect of the carrier on the structure 
of CO chemisorbed on supported platinum is shown in 
Figure 3. Spectrum (A) was obtained with silica-sup- 


100 
sitica—— 

z 
= ALUMINA 
1 

40r 

2100 2000 1900 1800 
FREQUENCY 


Figure 3. Spectra of Carbon Monoxide Chemisorbed on Silica- 
Supported Pt (A) and Alumina-Supported Pt (B) 


ported platinum and (B) with gamma alumina-sup- 
ported platinum. The alumina-supported sample 
shows: (1) a marked increase in the intensity of the 
band due to bridged CO, (2) a shift in the linear CO 
band to lower frequency. 

The extinction coefficient for the bridged CO is only 
about one-third as large as that of linear CO so it is 
estimated that about half of the carbon monoxide of 
(B) is in the bridged form. 

Gaseous carbon monoxide has ten valence electrons. 
The linear structure in which there is a single bond 
between the Pt and the carbon and a triple bond 
between the carbon and the oxygen requires only ten 
electrons to have completed octets on the carbon and 


oxygen Pt:C:::0:. Since all of these electrons can 
be furnished by the carbon monoxide, this structure 
would be expected when there is little tendency for 
the Pt to contribute electrons to the bonding orbitals. 
The bridged structure requires twelve electrons 


O: 
Pt Pt 
Two of these must be contributed by the platinum. 
The linear structure in which there are double bonds 
between the carbon and the platinum and between 
the carbon and the oxygen also requires twelve 
electrons, Pt::C::0:. -The fact that the shift in 
the linear CO band coincides with an increase in the 


bridged band is consistent with the concept that both 
changes represent an increase in the twelve electron 
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structures. This line of reasoning suggests that the 
platinum on the alumina has a greater tendency to 
contribute bonding electrons than does platinum on 
silica. 

Magnetic studies by Selwood (7) have shown that 
the valence of the metal in supported metal oxides is 
influenced by the valence of the carrier. This phe- 
nomenon is a result of epitaxy which causes the supported 
oxide to take the same crystal structure as the carrier. 
It is not likely that the relative distribution of linear 
and bridged CO being discussed here is related to 
Selwood’s valence induction. In the present case 
supported metals are being considered and not sup- 
ported oxides, so the tendency for an epitaxial effect 
with the oxide carrier would be small. Moreover 
other work, to be discussed in the next section, shows 
that addition of hydrogen produces effects similar to 
those observed when alumina is used as the carrier. 
The hydrogen experiment could not be explained by 
the valence induction concept. 

At present attempts are being made to arrive at an 
explanation of the observed increase in the twelve 
electron structures, obtained with alumina, by con- 
sidering the possibility of electron transfer across 
the alumina-metal interface in the direction of the 
metal. If gamma-alumina were a good n-type (excess 
electron) semiconductor such a transfer might 
reasonably be expected. However, pure gamma- 
alumina is only a poor example of this type of semi- 
conductor and it is not known whether the impurities 
in the alumina used here have enhanced its n-type 
characteristics. Thus the theory that transfer of 
electrons across the carrier-metal interface is an im- 
portant factor in determining the structure of the 
adsorbed CO cannot be proved on the basis of present 
experimental results. However, the theory predicts 
that use of n-type semiconductors as carriers will pro- 
duce a low linear/bridged ratio for the CO chemi- 
sorbed on the supported metal. This can be easily 
checked experimentally. 


EFFECT OF HYDROGEN ON CHEMISORBED 
CARBON MONOXIDE 


Figure 4 shows the effect of adding hydrogen (8) 
to CO chemisorbed on silica-supported platinum. 
Comparison of the original spectrum (A) with that 
obtained after admission of hydrogen (B) shows that 
the hydrogen has caused the band due to linear CO 
to shift to a lower frequency and has produced an 
increase in the intensity of the band due to bridged 
@O. These effects are qualitatively similar to those 
produced by use of alumina as the carrier—though 
they are not as pronounced as those on Figure 3. 


Figure 4. Effect of Treating Carbon Monoxide Chemisorbed on Silica- 
Supported Pt with Hydrogen; (A) Before Treatment, (B) After Hydro- 
gen Treatment 
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The differences between spectra (A) and (B) of 
Figure 4 cannot be explained on the basis of bond 
formation between the hydrogen and the chemisorbed 
CO since no bands are produced which could be at- 
tributed to OH (near 3700 cm.~') or C—H (near 2800 
cm.~! bonds. The failure to observe these bands 
shows that no significant amounts of structures such 
as 


are formed. Formation of either of these structures 
would have the added effect of reducing the intensity 
of the linear CO band in the 2040 cm.~! region (the 
aldehyde species would be expected to have a band 
near 1720 em.~—'). Although the intensity of the 
linear CO band is decreased slightly when hydrogen 
is added, this decrease is compensated by an increase 
in the bridged CO band near 1840 cm.—! The over-all 
change indicates some of the linear CO has been changed 
to bridged CO and that the amount of adsorbate 
chemisorbed as CO has not been decreased. 

On the basis of the mechanism discussed in con- 
nection with the effect of using alumina as a support, 
it appears that the addition of hydrogen has made it 
easier for the platinum to contribute electrons for 
bonding the CO. 

The mechanism of hydrogen chemisorption has 
received much attention in fundamental catalysis 
research (reviewed by Broeder et al. (9)). The basic 
question involves whether the hydrogen contributes 
electrons to the metal and is adsorbed as H*, attracts 
electrons:and is bonded as H~-, or forms covalent 
bonds with the metal, M:H. The evidence of Figure 
4 indicates that the H+ theory is nearest to the truth 
when hydrogen is chemisorbed on platinum which has 
CO on its surface. A transfer of electrons to the Pt 
during formation of H+ would make it easier for the 
platinum to contribute the bonding electrons necessary 
for the 12 electron forms of chemisorbed CO. It is 
difficult to see how formation of hydride ions, H-, 
or covalently bonded hydrogen would have this effect. 

The infrared evidence for the nature of chemisorbed 
hydrogen, discussed above, is not as direct as it would 
be if bands due to chemisorbed hydrogen had been 
observed. Thus far no band clearly attributable to 
chemisorbed hydrogen has been observed on any 
metal. This failure is another form of indirect evi- 
dence on the nature of chemisorbed hydrogen since 
it is likely that formation of a simple covalent band 
between the hydrogen and a surface metal atom would 
produce a band in the 4000-1250 region. This “nega- 
tive” infrared evidence is consistent with the con- 
clusions based on Figure 4 in that both lines of evidence 
indicate the hydrogen is not covalently bonded to the 
surface. 


SPECTRUM OF ACETYLENE CHEMISORBED ON 
NICKEL 


The spectra of chemisorbed hydrocarbons are oj 
special interest to the petroleum industry bec: use 
of the importance of catalytic refining of petrol um 
hydrocarbons. These spectra are of vital import: nce 
to the understanding of catalyzed hydrocarbon re- 
actions because they show that the chemisorption 
process is more complicated than would be expe: ted 
on the basis of the chemical properties and structur:s of 
the hydrocarbon molecules. 

The simplest structure that can be visualized for 
chemisorbed acetylene is that which would be obtained 
by formation of single bonds between the surface and 
each carbon, 


Ni 


In general C—H stretching bands are found in the 
region above 3030 cm.-! when there is a double bond 
on the carbon and below 2970 cm.~! when the carbon 
is saturated. Thus the above species would be ex- 
pected to have a C—H stretching band above 3030 
em.~! However, the spectrum of acetylene chemi- 
sorbed on silica-supported nickel, (A) of Figure 5, 
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Figure 5. Spectrum of Acetylene Chemisorbed on Ni (A). Spectrum 
After Treatment of (A) with Hydrogen (B) 


has the C—H stretching band at 2940 cm.-! The 
position of this band indicates there is no double bond 
on the carbon to which the hydrogen is bonded. The 
other bands in A of Figure 5 are also not in accord 
with the unsaturated species illustrated above. The 
band at 1460 cm.~—! indicates there are two or more 
hydrogens in the carbons. It is due to changes in 
the H—C—H angle in CH: or CH; groups. Furt her- 
more the band at 1380 cm.~! is characteristic of the 
symmetrical bending vibration in CH; groups wich 
are attached to carbons (10). 

Spectrum A is identical to that of ethyl group- s0 
it was concluded that production of the adsorhed 
ethyl radical, Ni—CH.CHs, is a major factor in ch 
sorption of acetylene. Previously isotopic exch: ge 
experiments (11) had suggested that chemisorp! ion 
of acetylene could involve a self-hydrogenation pro's. 
Formation of ethyl groups by self-hydrogenaiion 
implies that three carbons have lost hydrogens ‘or 
each ethyl radical which is formed. Since the pres:nt 
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infrared studies were confined to spectral regions useful 
for detecting C—H bands but not Ni—C bands (these 
would be expected at about 500 cm.~—') there is no 
band attributable to the dehydrogenated carbons in 
(A). However, the carbons which have been de- 
hydrogenated in the self-hydrogenation process can 
be detected because they are easily rehydrogenated. 
Spectrum (B) was obtained after treatment with an 
atmosphere of hydrogen at 35°C. This treatment 
produces a twofold increase in the intensity of the 
bands which were found in (A). This increase in 
intensity is attributed to formation of new C—H 
bonds by reaction between the hydrogen and the 
carbon. The detection of the dehydrogenated surface 
carbons is proof of the self-hydrogenation mechanism 
of acetylene chemisorption. 

The importance of the detection of the active carbon 
on the surface is not confined to its role in acetylene 
chemisorption. It is likely that this type of surface 
carbon also has a role in many catalyzed reactions of 
hydrocarbons. Early workers (12) postulated that 
the Fischer-Tropsch synthesis of hydrocarbons by 
hydrogenation of carbon monoxide involved formation 
of carbides which were hydrogenated to hydrocarbons. 
Isotopic tracer experiments of Kummer and Emmett 
(13) proved that bulk carbides were not important in 
the hydrocarbon synthesis. However, these workers 
also pointed out that their tracer experiments could 
not rule out the possibility that the synthesis proceeded 
via “surface carbide” intermediates. The detection of 
the surface carbide described above and the proof of 
its activity toward reaction with hydrogen does not 
prove that surface carbide is an intermediate in the 
synthesis reaction but it does lend credence to that 
theory. The infrared results are especially significant 
because detailed study (4) shows that the hydrogenation 
of surface carbide produces a polymerized long chain 
hydrocarbon which is bonded to the surface through one 
of the end carbons. 


DOUBLE BOND ISOMERIZATION IN CHEMISORBED 
OLEFINS 

Structural group analyses which indicate the relative 
number of CH, and CH; groups are of particular 
interest in the chemisorption of long chain olefins (4). 
If chemisorption is assumed to occur by two-point 
contact of carbons adjacent to the double bond, it is 
possible to predict-the structures expected from the 
different double bond isomers. On the simplest 
basis one would expect the structures of chemisorbed 
I-hexene, 2-hexene and 3-hexene would be 


* * * * 
H;CCHCHCH.CH.CH;, and 


* 
CH,CH;CHCHCH.CH;, respectively (the asterisks 
indicate a bond between the carbon and the nickel 
suriace). The adsorbed 1-hexene would be expected 


* 

to have one CH; for three CH)’s (the end CH; is not 
counted as a regular methylene group). The CH;/CH: 
ratio would be 2:2 for the 2-hexene and the 3-hexene. 
Although a quantitative structural group analysis is 
dificult for chemisorbed hydrocarbons (4), the dif- 
ferences expected on the basis of the 1:3 and 2:2 
C Hi, CHe ratio are large enough to be detectable by 
inspection of the spectra. 
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Figure 6. Spectra of 1-Hexene (A), 2-Hexene (B), 3-Hexene (C), and 
1-But (D) Ch bed on Nickel 


In order to detect the expected differences it is 
necessary to have good resolution in the C—H stretch- 
ing region near 2940 cm.~! The CaF, prism, which 
was used when the spectra shown in Figure 5 were 
obtained, can be used in the spectral region between 
5000-1250 cm.-! The ability to scan frequencies 
as low as 1250 cm.~! is important because the C—H 
bending bonds are found near 1450 and 1350 cm.~! 
Unfortunately the CaF; prism does not have high 
resolving power in the 2940 cm.~' region. A Lil 
prism is useful only to 2000 cm.—' so it is of no value 
in studies of the C—H bending bands. However, 
LiF prisms have high resolving power at 2940 cm.~! 
The greater resolution provided by use of the LiF 
prism shows that the 2940 cm.~' band in Figure 5 
is a combination of bands at 2960 em.~'! and 2925 
em.~! The ability to resolve these bands is important 
because the ratio of their intensities is a measure of 
the CH;/CH: ratio. The 2960 cm.—! band is mainly 
due to CH; groups and the 2925 em.~! band is mainly 
due to CH: groups. 

Spectra (A), (B), and (C) of Figure 6 are due to 
chemisorbed 1-hexene, 2-hexene, and 3-hexene, re- 
spectively. Spectrum (A) is identical to (B) and (C) 
even though large differences would be expected on 
the basis of the above structures. It is evident that 
double bond isomerization occurs during the chemi- 
sorption process so that the structure of the chemi- 
sorbed species is independent of the position of the 
double bond in the original hexene. 

When an effort is made (4) to determine which of 
the possible structures given above is best represented 
by the spectra it is found that none of them is satis- 
factory. This is because some dehydrogenation oc- 
curs during chemisorption so that on the average 
more than two carbons are bonded to the surface. 
This is indicated by the relatively large intensity of 
the 2890 em.-! band. This band is due mainly to 
C—H bands on carbons which are bonded to the surface, 


j 


ie., the type of carbon which has an asterisk in the 
predicted structures. Thus, while there appear to 
be between one and two CHp groups for each CHs, 
the total number of both of these groups is less than 
expected on the basis of the simple chemisorption 
mechanism which was originally assumed. 

A similar double bond isomerization and _ partial 
dehydrogenation occurs during chemisorption of bu- 
tenes. The spectra of chemisorbed 1-butene and 2- 
butene are identical and are represented by (D) of 
Figure 6. 


HYDROGENATION OF CHEMISORBED 
HYDROCARBONS 


The spectra discussed in connection with Figure 4 
show that adsorbed ethyl radicals are formed by 
self-hydrogenation during chemisorption of acetylene. 
This adsorbed ethyl radical is the “half-hydrogenated”’ 
species (14) that has been postulated as an intermediate 
in the catalytic hydrogenation of ethylene to ethane. 
It is also possible to produce this adsorbed ethyl 
radical (4) by treating chemisorbed ethylene with 
hydrogen at 35°C. This reaction is illustrated by 
the equation 


* * * * 
H.CCH: + He CH.CH; + H 


Before treatment with hydrogen the spectrum of 
chemisorbed ethylene does not have a symmetrical 
CH; bending band at 1380 cm.~—! and the strongest 
band in the C—H stretching region is at 2890 cm.—! 
The hydrogen treatment produces a band at 1380 and 
shifts the C—H stretching frequency from 2890 to 


! 
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Figure 7. Spectra of Chemisorbed Ethylene (A), Butene (B), and 
Hexene (C) After Treat t with Hydrog 


2940 cm.-! (2960 and 2925 cm.~! when resol ‘ed 
with a LiF prism). After treatment with hydroey 
the spectrum is identical to that shown as (A) of 
Figure 5. 

Spectrum (A) of Figure 7 shows the C-H stretch ing 
bands obtained when a Lif prism is used. 1 his 
spectrum is similar to that of compounds such as 
tetraethyl lead. The band at 2870 em.~!, which 
has not been mentioned previously, is due to an un- 
resolved combination of CH, and CH; symmety cal 
stretching vibrations. * 

In the adsorbed ethyl radical the —CH: group }:ro- 
duces a band at 2925 cm.~ as if it were a normal 
methylene even though the carbon is attached to the 


* 

surface. The groups in species such as 
* * 

H:CCH, produce a band at 2890 cm.-! The iwo 


* 
kinds of —CH: groups differ in that the latter are bonded 
to other carbons which are also on the surface. Thus 
they can be considered as components of cyclic mole- 
cules. The position of CH: stretching bands in cyclic 
compounds is affected when the bonds are distorted 
from the normal tetrahedral angles. 

Spectra (B) and (C) of Figure 7 were produced by 
hydrogen treatment of chemisorbed butene and hexene, 
respectively. Comparison of these spectra with those 
in Figure 6 shows that treatment with hydrogen has 
produced a large increase in the 2925 cem.—! band 
which is due to methylene groups. It has also caused 
the disappearance of the 2890 cm.~! band which is 


* * 

due to tertiary —CH’s and cyclic —CH,’s. (The band 
observed in this region at 2970 cm.~—' and is ‘due to 
the unresolved combination of CH, and CH; sym- 
metrical stretching frequencies.) The ratios of the 
2925/2960 cm.—! bands in (A), (B), and (C) are 
0.95, 1.42, and 1.88. These values are consistent 
with CH2/CH,; ratios of 1:1, 3:1 and 5:1, respectively. 
Thus it is clear that the major result of hydrogen 
treatment at low temperatures is production of the 
half-hydrogenated state which is bonded to the surface 
by only one end carbon. This effect is independent of 
the chain length of the chemisorbed molecule. 


CONCLUSION 


The present discussion has been mainly confined to 
descriptions of the evidence produced by infrared 
studies of chemisorbed carbon monoxide and ch:mi- 
sorbed hydrocarbons. The techniques used in ‘his 
work have almost universal applicability if the sai ple 
is at least partially transparent to infrared radi: ‘ion 
and if the product of the extinction coefficient ..nd 
the number of chemisorbed molecules in the beam })\th 
is large enough to produce detectable changes in | /0 
values. Infrared studies of chemisorbed mole: iles 
are still being actively pursued in our labors ory 
and in many other laboratories throughout the w: 1d. 
The contagious enthusiasm produced by the di: «t- 
ness and flexibility of the infrared method mak: - it 
safe to predict that it will represent one of the ost 
active fields of catalytic research. 
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* PREDICTING SUCCESS OF JUNIOR COLLEGE STUDENTS IN 
INTRODUCTORY CHEMISTRY 


Tue placement of students from incoming freshman 
classes at various levels of difficulty in college courses 
has long been a problem. Many techniques have been 
employed. This study undertook to determine which 
of the following is the best predictor of success in Chem- 
istry 1A (Introductory College Chemistry): high school 
chemistry grade, high school algebra grade, the Ameri- 
can Council of Education Psychological Examination 
linguistic score, quantitative score, or total score. This 
latter test, the A.C.E., is a test of scholastic aptitude. 

The data were gathered from the transcripts of 111 
students attending a public junior college (grades 13 
and 14) in California. These students had been in 
attendance in either of the two periods, 1955-56 or 
1956-57. The Chemistry 1A was taught by the same 
instructor and the A.C.E. examinations were adminis- 
tered by the college personnel. The students had at- 
tended nineteen different high schools. 

The extent to which these particular variables could 
predict success was found to be of low positive corre- 
lation: 


Chemistry 1A, high school chemistry (the highest single 


High school algebra, Chemistry 1A................... 0.205 
A.C_E. quantitative score, Chemistry 1A.............. 0.178 
A.C.E. total score, Chemistry 1A.................... 0.122 
A.C.E. linguistic score, Chemistry 1A................. 0.071 


The multiple ¢ Oefficient of correlation was 0.397. 


The high school chemistry and high school algebra 
graces were the best predictors of success in college 
chemistry for the group sampled. The quantitative 
and total scores of the A.C.E. were of a higher predic- 
tive value than the linguistic score. 

In view of the low correlations found it seems that 
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none of the predictive factors considered should be used 
by instructors and counselors without considerable 
qualification. Even when all five predictive factors 
are combined into a multiple coefficient of correlation 
the result, 0.397, is not high enough to eliminate a 
considerable amount of chance from the prediction of 
success. 

College staff personnel might be advised to keep 
in mind two important variables that undoubtedly af- 
fect all studies involving the prediction of scholastic 
success from one school level to another. These are 
maturation and grading policy. 

There is a typical lapse of one to four years between 
the high school and college chemistry courses. Be- 
tween high school algebra and college chemistry there 
may be a lapse of five or six years. These years repre- 
sent a period of great adolescent change for many high 
school and college youths. Vocational goals may have 
been greatly clarified during this time as well as teen- 
age personal problems resolved. 

Grading policies are not uniform. Two students of 
similar ability will not necessarily receive the same 
grades in high school chemistry from two different 
instructors, all other factors being equal. The com- 
petition facing each of the two students may be such 
that one individual earns an A and the other a B. 
Grading policy is often changed with a change in teach- 
ing personnel, and even when staff personnel remains 
constant, a change in grading policy is possible. When 
the grading policies of nineteen high schools are con- 
sidered, as in the present study, the possibility of ac- 
curate prediction of success in college chemistry from 
high school chemistry and algebra grades is further 
reduced. 


PAUL EHRLICH’ 


Aw wsicur into the personality of a scientist is often 
better obtained by visiting the site of his labors and 
getting a closer view of his daily surroundings. What 
do these reveal about Paul Ehrlich? At 45 he had 
assumed, in 1899, the directorship of the Institut fiir 
experimentelle Therapie at Frankfurt am Main, and 
in 1906 he was also made head of the adjoining Georg 
Speyer Haus, which had recently been established as a 
private foundation to serve the cause of chemothera- 
peutic research. He worked in these two research 
institutions until his too early death in August, 1915. 
This was the most successful and decisive period of 
his life. 

The two rooms in which he carried on his personal 
activities were in the older Institut. The laboratory 
had about 20 square meters of floor space, and the 
adjoining office was about half as large. A large work- 
ing bench, with gas and water connections, was in the 
center of the laboratory. Its top was crowded to the 
very edges with hundreds of bottles, flasks, etc. con- 
taining all kinds of substances (Figure 1). There 
was no real working space except above the two Bunsen 
burners, which were the actual centers of his experi- 
mental activities. Here he frequently spent hours 
searching for color reactions and suitable coloring 
agents and making many remarkable observations in a 
purely trial and error fashion. 

The office or writing room contained a small writing 
desk and a sofa. However, both had long lost their 
true functions; they were piled high with books, pe- 
riodicals and reprints, towering almost to the ceiling 
(Figure 2). Since it was no longer possible to write 
here, and still less to stretch out and rest, a small writing 
table had to be used for signing letters. It stood in the 
laboratory, but of course it too had only enough free 
space to allow a letter to be placed on it. At times, 
even this last remnant of table top was occupied and 
then two saw horses were brought in and a rough board 
laid across them, and the signatures made on this im- 
provised table. 

Only two ordinary wooden chairs were provided. 
The visitors, of whom there were many and often im- 
portant men, had to be content with these rather primi- 


1 This lecture was delivered at Luzerne in June, 1954, before 
the Schweizerische Mikrobiologische Gesellschaft on the occasion 
of the commemoration of the centenary of Ehrlich’s birth. 

? To the readers of THIS JOURNAL who may wish to know more 
about Ehrlich, the translator heartily recommends the charming 
and very human account given by Ehrlich’s secretary, Miss 
Martha Marquardt, in her “Paul Ehrlich’’ published by Schu- 
mann, New York, 1951. 


PAUL KARRER 

University of Zurich, Zurich, Switzerland 
(Translated by Ralph E. Oesper,? University of 
Cincinnati) 


Paul Ehrlich 


tive seating facilities and, if not, as was usually the 
case, they were received standing. 

Ehrlich ordinarily arrived in the Institut at 10:00 
in the morning. First of all, he was brought up to date 
on the activities of the various sections; he then 
visited all of the laboratories and talked with his col- 
laborators. At intervals he dictated letters while 
standing, or at least roughed out several ideas which 
his secretary later put into proper letter form. By 
this time it was 1:00 o’clock. Without stopping his 
work, he drank a cup of soup. Many of the afternooii- 
were spent in the laboratory, making one test-tube 
experiment after the other. If he thought that he had 
made a worth-while finding, he noted it on paper :t 
once and sent the slip to an associate so that the latter 
could look into the matter in more detail. Thi> 
writer often received two, three, or even four such 
yellow slips a day (Figure 3). At 5:00 or 5:30, the 
indefatigable man, for whom time seemingly did no’ 
exist, was notified by telephone by his wife that it wa~ 
time to come home. He spent the long evening 
wreathed in clouds of smoke (he smoked incessantly 
and was said to have lived principally on cigars and 
mineral water), in his large library, where he read. 
wrote scientific papers, and above all gave free rein tc 
his lively imagination, which often furnished him with 
happy and significant ideas. 

This rather detailed picture of the daily routine o! 
Ehrlich’s life shows that externals and comfort counted 
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for little with this great scientist and infinitely modest 
mai, no more than did money, which to him was merely 
a means of advancing his science. Intrigued by every 
avenue of his field, he was interested solely in research 
and gladly sacrificed himself to this end. 

Paul Ehrlich was born on March 14, 1854, at Strehlen 
in Silesia. He studied medicine at Breslau, Strasbourg, 
Freiburg, Leipsic. His teachers included Waldeyer, 
Heidenhain, Cohnheim, and his cousin Carl Weigert. 
He later worked at the Charité Hospital in Berlin 
under the nominal direction of Frerichs and Gerhardt, 
and above all was associated with Robert Koch from 
1890 to 1896. 

Even as a medical student he published a number 
of papers dealing with completely new lines of thought. 
An episode during his student days was characteristic 
of the manner in which he derived important leads and 
conclusions from seemingly insignificant observations. 
He had read in Heubel’s book on lead poisoning that 
the cells in which this metal accumulates are able, even 
though dead, to extract lead from its solutions and 
store it inside themselves. From this statement 
Ehrlich concluded that these cells must have a se- 
lective anchoring ability for lead. He at once ex- 
tended this idea and said to himself that probably not 
only lead but many other materials would exhibit such 
selective affinity toward certain cells of the organism. 
He tested this postulate with dyes and found con- 
firmation. This undoubtedly was the impulse leading 
directly to his subsequent fundamental studies of the 
selective staining of cells, i.e., vital staining, which 
reached a certain peak in the discovery of a selective 
staining of tubercle bacilli. Working with dyes in a 
clinical laboratory was rather unusual at that time, and 
its accompanying feature, namely, the smudging of the 
table tops with traces of these coloring matters, aroused 
of course the ire of his fellow occupants of the labora- 
tory. One of his older colleagues told him bluntly, 
“Wherever you work, you leave traces behind,” a 
remonstrance which in years to come was recalled 
with amusement and pride by Ehrlich. 


CORPORA NON AGUNT NISI FIXATA 


Although the research fields tilled by Ehrlich may 
appear to be quite divergent, they were in fact domi- 
nated and tied together by a common idea, namely, that 


Figure 1. Ehrlich's Laboratory at the Institut fur Experimentelle 
Therapie at Frankfurt am Main 
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Figure 2. Paul Ehrlich in His Office 


the biological effect of all materials is constitution- 
specific, that the structure of an active compound must 
be precisely geared to the cell constituents, and that 
the biological action presupposes an anchoring of the 
chemical substance on the cell. He thus logically 
set up his postulate: corpora non agunt nisi fixata in 
opposition to the ancient doctrine: corpora non agunt 
nist soluta. 

He seemed to have found confirmation of this theory 
in his staining of cells and living organisms and in his 
chemotherapeutic researches. Thus in his usual clear 
fashion he once said: 

If we wish to conduct as it were specific therapy with a par- 
ticular class of compounds, the arsenicals for instance, in the case 
of various infectious diseases, it is possible to do so only by dis- 
covering for every parasite certain anchoring ‘‘accessory group- 
ings’’ which are to a certain extent peculiar to it, which possess 
particular radicals and thus make possible a specific anchoring. 


On another occasion he coined the now famous 
phrase: 

We must therefore learn to take aim, and learn to take aim 
through chemical variation. 


Paul Ehrlich’s earlier research years were occupied 
with his studies of cell staining and vital staining, to 
which were joined fundamental investigations of the 
histology and physiology of the blood cells. With the 
aid of dyes he was able to show the existence of two 
types of white blood corpuscles, namely lymphocytes 
and leucocytes, and he was successful in differentiating 
sharply the elements from which they are constructed. 
His successes, both theoretical and practical, were 
still greater when he began to deal with the problems 
of the theory of immunity. He worked out methods 
for rendering animals highly immune and later he 
developed procedures for making quantitative measure- 
ments of antibodies and for standardizing sera. He 
thus became the first to make really possible the practi- 
cal application of curative sera. 

These investigations were undoubtedly inspired by 
the discovery in 1888 of the diphtheria toxin by Roux 
and Yersin and by the discovery of the diphtheria 
antitoxin by Behring. However, Ehrlich proceeded in 
his own way. In ricin, the poisonous principle of the 
castor bean, he found a substance which, similar to the 
bacterial toxins, produced antibodies in the animal 
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Figure 3. Facsimile of a Research Memorandum from Ehrlich 


organism and which in addition was easy to detect 
because of its ability to cause red blood cells to clump 
and to make them break up when it was present in 
considerable quantity. With the aid of this handy 
toxin model he was then able to clarify the quanti- 
tative relations between the toxin and antitoxin. He 
thus laid the foundation for many other studies of 
bacterial poisons and the antibodies they produce, 
investigations carried out by him or by Behring and a 
number of other workers at the laboratory of Robert 
Koch in Berlin. When it then became necessary to 
organize a government laboratory for checking the 
newly introduced curative sera, Paul Ehrlich was put 
in charge. This establishment was at Berlin-Steglitz 
from 1896 until 1899 when it was moved to Frankfurt 
am Main. Here Ehrlich found the time and oppor- 
tunity to study in detail, the relations between toxins 
and antitoxins, especially in the case of diphtheria 
toxin, and to work out exact measuring methods, and 
to put the study of toxins and serology on a firm foot- 
ing. The extent of these studies is indicated by the 
fact that they involved about 10,000 guinea pigs. 


THEORY OF IMMUNITY 


The problems of the theory of immunity eventually 
led Ehrlich also to set up his so-called side chain theory 
which though accepted enthusiastically by some was 
sharply rejected by others. Despite such opposition 
it nevertheless exerted a powerful influence on the 
thinking and the mode of considering the immunity 
theory so that in a lecture delivered in 1908 before the 


German Dermatological Society Ehrlich could justi- 
fiably declare: 


I certainly can claim credit for being the first to allow myself 
to be guided by the need for pursuing therapy from the distri!)y- 
tive standpoint. This point of view also became the source of the 
side chain theory, for which even the opponents must concede to 
me that it has exerted a very considerable influence on the couirse 
of modern research in immunity. 


This side chain theory is based, on one hand, on the 
view that a toxic material can act only when it is an- 
chored by particular haptophoric groups of the cell, 
This is especially true also for the toxins. The side 
chain theory then explains the formation of the anti- 
toxins (antibodies) by stating that the toxin initially 
combines with certain cell receptors. The latter, 
because of the irritating action of the toxin, are pro- 
duced in excess by the cell, they break loose from the 
latter, and, still provided with haptophores, they 
arrive in the bloodstream where they are capable of 
capturing any of the toxin present and immobilizing 
it. Recent work has shown that plasma cells play the 
role of antibody-formers. 

During his lifetime, Ehrlich’s side chain theory was 
attacked particularly by Metchnikoff and his school, 
who regarded the phagocytes as the structures which 
destroy the invading bacteria and other cells, which 
likewise produce protective ferments (enzymes). 
Whereas the macrophages consume red corpuscles and 
other cells, the microphages clear out the bacteria. In 
the end, Metchnikoff conceded that his phagocyte 
theory was not unconditionally opposed to the side 
chain theory and could be combined with it. In the 
40 or more years since the death of Ehrlich, various 
other theories have been advanced to replace it with 
respect to the interaction of the antigens and anti- 
bodies. For example, Pauling believes that the antigen 
attracts the free ends of a globulin-polypeptide chain 
and in a very particular manner forms the latter into 
a specific structure, which is complementary to the 
antigen structure. On the other hand, the remainder 
of the globulin molecule shapes and folds itself, accord- 
ing to other habits peculiar to itself, and in doing this 
tears itself loose from the antigen. Eventually there 
is present a free mobile antibody, whose structure was 
determined, on one hand, by the intervention of the 
antigen, on the other by the folding of the polypeptide 
chain which was accomplished independently of the 
former process. Accordingly, this theory assumes— 
and in this it goes somewhat beyond the Ehrlich side 
chain theory—an active shaping of the antibody by 
the antigen. In the molecule ends of the polypeptide 
chain specifically shaped by the antigen it is not diffi- 
cult to recognize the haptophoric groups of the Ehriich 
terminology. 

A so-called ferment theory has been advanced by 
Burnet and Fenner and by Savag as a further re- 
placement for the side chain theory. It is postulated 
that the antigen specifically alters the ferments which 
serve to produce globulin in such fashion that they 
acquire a new permanent condition which is spevifi- 
cally attuned to the antigen. Accordingly, this hy- 
pothesis transfers the formation of a specific structure 
by the antigen from a globulin molecule to a ferment 
(enzyme). The concept of the constitution-specific 
relation between antibody and antigen, which con- 
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stituted the keystone of the side chain theory, is there- 
fore retained also here. Of course, 50 years of re- 
search in this field have brought certain modifications 
in the ideas, but they still embody structural elements 
which the creator of the side chain theory attempted 
to express in his highly pictorial language, and from 
this it is clear that undoubtedly our present theories 
will some day also have to be deepened or recast or 
replaced by something better. Ehrlich himself said 
that “an advance in our understanding can come only 
from the theoretical standpoint and an unsuccessful 
theory is always more fruitful than pure empiricism, 
which merely registers facts with no attempt at ex- 
planation.”” This statement in its bold form may per- 
haps go too far, but it is characteristic for this scientist, 
whose imaginative powers knew no limits and to whom 
his effervescence of new ideas and thoughts always 
provided inspiration for new strictly scientific re- 
searches. 


THE CANCER PROBLEM 


Ehrich was interested also in the cancer problem. 
He was able to increase the virulence of mouse tumors 
to the point that they could be transplanted with cer- 
tainty to other experimental animals. Only then did 
it become possible to conduct experiments to determine 
what procedures or conditions can raise the resistance 
of the animals to the tumors. Even at this early date 
Ehrlich embraced the idea that cancer is due to some 
sort of parasite, comparable to the bacteria, a view 
that still survives in the idea that tumors result from 
a virus. 


EXPERIMENTAL CHEMOTHERAPY 


The last major field of study to which Ehrlich turned 
his attention was experimental chemotherapy. These 
researches brought him the highest scientific and 
practical successes and also a tremendous amount of 
publicity and popularity. In these investigations he 
was once more guided by his theory that among the 
thousands of compounds it is necessary to search for 
those that can anchor themselves to the cells of the 
parasite by means of certain groups. However, the 
solution of this problem is encumbered by the necessity 
that the active chemical substance must be less toxic 
to the host, man for instance, than to the parasite. 
In dealing with the foundations of experimental chemo- 
therapy, Ehrlich said: ‘Actually only those materials 
can be used as remedies which are so constituted that 
the damage to the parasite is maximal and to the body 
organs minimal.” In other terms, the parasitotropy 
must be much greater by far than the organotropy. 

The first chemical compounds studied under his 
direction as chemotherapeutic agents were dyestuffs 
of (a) the benzidine series (trypan red, trypan blue) and 


(6) the triphenylmethane series (e.g., tryparosan, a 


halogenated parafuchsin). Although they showed some 
healing action when administered to mice infected with 
trypanosomes, their effect was relatively slight. The 
hoped-for distinct progress was obtained only when 
trials were made with organic arsenic compounds. 
Some success against sleeping sickness had been secured 
by Robert Koch with atoxyl, which was first prepared 
by Béchamp in 1863, and Paul Uhlenhuth had shown 
that syphilitic rabbits could be cured by means of this 
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arsenical. When Ehrlich turned to this compound, 
he first of all cleared up its structure and then improved 
its characteristics by preparing various derivatives, 
such as arsacetin and arsenophenylglycine. But it 
was only after more years of research that the great 
success came in salvarsan (arsphenamine) which ush- 
ered in a new era in the struggle against infectious 
diseases. It is difficult today to realize fully the great 
sensation this triumph aroused and to appreciate the 
enthusiasm that spread over the entire world when 
not only the medical journals but the daily press an- 
nounced: syphilis is no longer an incurable disease, 
the trypanosomiases of the tropics (sleeping sickness, 
tsetse, dourine, Aleppo boils) can be combatted with 
success, framboesia (yaws) and relapsing fever can be 
eliminated, glanders, erysipelas and tertian malaria can 
be favorably affected. 

To Paul Ehrlich this success was no reason for stand- 
ing still, On the contrary he continued his efforts 
with his customary energy and enthusiasm, hoping 
for further progress. The new chemotherapeutic agents 
were not ideal; they were toxic to a degree that couid 
not be disregarded. Moreover, some strains of para- 
sites became resistant to these compounds. These 
findings led Ehrlich to make extensive studies of the 
drug resistance of the parasites and to search for new, 
still more effective chemotherapeutic agents. 

The fact of drug resistance is now well established 
in medicine and biology. But who remembers that 
the knowledge of its existence is hardly a half-century 
old and that this biological phenomenon was discovered 
by Paul Ehrlich as a consequence of deep-reaching 
experimental studies? While testing the action of 
arsenic compounds on trypanocidal effects, he found 
that relapses occurred when insufficient doses of the 
arsenical were administered and the trypanosomes 
which then reappeared in the blood had become more 
resistant to the remedy. After further treatment of 
the pathogenic organisms with the same arsenic com- 
pound, the resistance increased still more until even- 
tually the organisms had become “arsenic tolerant.” 
This resistance was retained by the particular strain 
of trypanosome, i.e., a permanent modification of the 
pathogen had developed which could be transmitted 
to the offspring. This fact was of prime importance in 
treating infectious diseases, and Ehrlich himself pointed 
out that the way to avoid such drug resistance was to 
employ a procedure which he called: therapia slerilans 
magna. He was indefatigable in his efforts to have 
physicians adopt this method of treatment involving 
the maximum feasible initial dose. 

He explained drug resistance by assuming that in 
the microorganism certain ‘‘chemoceptors,’’ which 
are specific groups that can bind the chemotherapeutic 
agent, are so altered when drug resistance occurs that 
they have less and less and eventually no affinity for 
the medicament. He further recognized that the 
acquired drug resistance of a microorganism toward 
chemotherapeutic agents is very constitution-specific 
i.e., it is dependent on the constitution of the particular 
substance. However, exceptions are known. Ehrlich 
himself showed that arsenic tolerant trypanosome 
strains had become resistant also to certain acridine 
dyestuffs (and several related pigments). 

After his death, there was a lull in the field of chemo- 


therapy; then gradually systematic chemotherapeutic 
researches were instituted especially in the works 
laboratories. They led eventually to great triumphs. 
One of these was the discovery of Germanin (Bayer 
205) and a still greater was the discovery of the sul- 
fonamides (Domagk, Tréfouel, Nitti, Bovet, 1935). 

And then during the war years there began, with 
the discovery and introduction of penicillin by Fleming 
and Florey, the new era of the antibiotics, which made 
a large number of other infectious diseases accessible 
to successful treatment and which, in comparison with 
the earlier remedies, have an extraordinarily lower 
organotropy, i.e., toxicity toward the host. 

Only in this one point did the optimism of Ehrlich 
not suffice to anticipate correctly the later research. 
In a lecture given in 1910, he said: 


The curative sera have no affinity for the bodily substances. 
Consequently, in this case the organotropy is reduced to null, the 
parasitotropy is absolute, and thus the antibodies represent magic 
bullets, which seek out their targets of their own accord. Hence 
the wonderful specific action and hence the advantage which the 
serum therapy and active immunization have over any chemo- 
therapy. We can never expect any such successes with chemo- 
therapy and accordingly we must bend all our effort to aim as 
sharply as possible, so that the parasites will be hit as fully as 
possible, and the body as little as possible. 


However, in a later (1912) lecture he was more con- 
fident: “I do not believe this to be entirely excluded.” 

Modern chemotherapy has come very close to this 
goal, at least in the case of some antibiotics. It too is 
moving along the paths which Paul Ehrlich, far ahead 
of his times, cleared and himself traversed for the first 
time. 

His thought that an effective chemotherapeutic agent 
must contain a haptophoric and a toxophoric group—in 
salvarsan the ortho-aminophenol group was assigned the 
haptophoric properties and the arsenic the toxophoric 
characteristics—was widely criticized. Some writ- 
ers, such as Meyer and Overton, believed that much 
significance resided in the distribution of a material 
between the water and the lipoid phase in the organism 
with respect to the efficacy of the chemotherapeutic 
agent. Although the solubility characteristics of drugs 
obviously are of some importance, such factors can 
provide no basis for explaining the distinct constitution- 
specificity of most chemotherapeutics. Furthermore, 
the action of the antagonists of many remedies, for 
example the antagonistic action of sulfonamides against 
the vitamin p-aminobenzoic acid or folic acid can be 
understood—if at all—only on constitutional-chemical 
grounds. The more recent investigations of anti- 
biotics, chemotherapeutics, and vitamins have, how- 
ever, led to the discovery that the action of such sub- 
stances on microorganisms is frequently not direct 
but indirect, in that they block or exclude certain 
materials which are of vital importance to the micro- 
organisms and hence they indirectly aid in the de- 
struction of these microorganisms. It has been shown 
in numerous instances that enzymes are the primary 
point of attack of many drugs. 


In almost all of the fields explored by Ehrlich he 
opened new ground and made discoveries that had 
hitherto been completely unknown. These novy:l- 
ties, often far ahead of the time, which often were ei- 
bellished with richly imaginative metaphors and «s- 
poused with ardor, frequently aroused the critici-m 
and opposition of his professional colleagues. He had 
many scientific opponents and carried on impassioned 
discussions with men such as Bordet and Metchnik. ff, 
For the most part, he has been upheld by the further 
development of the field. Scientific criticism never 
offended him, rather it inspired him to new expcri- 
mental activity. Many of his happy thoughts «and 
brilliant inspirations, however, remained unrealized 
because other researches were given precedence. |’or 
example, he told this writer as early as 1913 that at- 
tempts should be made to cure some diseases by infect- 
ing the patient with certain other diseases, and he ex- 
pressly proposed malaria. This was four years before 
Wagner-Jauregg treated syphilis successfully with 
malaria. 

Paul Ehrlich received all of the honors that the world 
can confer on a great scientist. His own country and 
those abroad heaped him with lavish expressions of 
gratitude. The Nobel Prize for medicine was divided 
between him and Metchnikoff in 1908. None of these 
honors changed the simple modest man in the least. 
He went on as before, completely devoted to his work. 
One characteristic was known only to those who were 
privileged to become intimately acquainted with him. 
This was his great human kindness; it was bestowed 
on many patients, on the numerous persons who came 
to him for aid and assistance, and on many of his closer 
associates and collaborators. 

The author worked with Paul Ehrlich for only three 
years, his last yearsonthisearth. That period is among 
the happiest times of the author’s life. Every day we 
had long conversations, often hours long, when we dis- 
cussed scientific problems. His secretary, Miss Martha 
Marquardt, in her biography of Ehrlich states that he 
and the author quickly became friends. The author 
prefers to say rather that Ehrlich was a fatherly friend 
to this young man who has always felt deeply indebted 
to him. 

The name Paul Ehrlich will always be written in 
letters of gold in the history of medicine and science. 
His rich powers of imagination and his keen critical 
judgment produced a combination of talents with 
which he was able to open paths and successfully attack 
problems that had previously not been touched at all. 
He had followed the counsel that had once been given 
to research workers by another great hero of the phys- 
ical sciences, August Kekulé: 


Let us learn to dream, then perhaps we shall find the trut!: 
And to those who do not think, 
The truth shall be given, 
They will harvest without effort. 


But let us take care not to tell others of our dreams before ‘hey 
have been tested by the waking mind. 
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FUSED RING SYSTEMS 


Designation of Fusion Points’ 


ROBERT G. KRUPP and MICHAEL KONDAS 
Research Division, American Cyanamid Company, 
Bound Brook, New Jersey 


Ir wouxp indeed be an understatement to say that at 
times the nomenclature of fused ring systems is con- 
fusing to the practicing chemist. Explanations of 
the rules governing this topic are available in two com- 
mon sources. The Chemical Abstracts “Blue Book’’ 
(1) gives a sketchy review while “The Ring Index” 
(2) goes into a very detailed and often confusing dis- 
cussion. Fortunately, there are a number of rather 
easily understood basic rules to govern the more simple 
ring systems and it is some of these rules which will 
be demonstrated. In particular, there has been evi- 
dence of the need for a somewhat oversimplified ex- 
planation of the rules involved in designating the fusion 
points in heterocyclic ring systems. 

One frequently misunderstood portion of this type 
of nomenclature is the symbolism needed to indicate 
the points of ring fusion. This is the part of the name 
which appears in brackets and contains a series of 
numbers and/or letters such as [3.4-c]. The num- 
bers, which always appear first, refer to that part of 
the ring system name which precedes the brackets and 
is designated by the prefix name while the letters 
always refer to that part of the ring system name 
which follows the brackets and is called the parent 
ring or base component. Thus, in 1H-pyrazolo[3.4-c]- 
pyridine (3) (I), 


(I) 


the “3.4” refers to the “pyrazolo” (III) portion (the 
preiix) and the “‘c’”’ to the “‘pyridine”’ (II) portion (the 
base component). 

Usually the name of a simple fused ring structure 
can be broken down readily into two major sections. 
Thus in (1) we have “pyrazolo” and “pyridine.’’ 
Now in order to understand the designation for the 
points of fusion, the two sections are pictured as 


being unfused and numbered as shown in (II) and (III). 


2 
2 
eLe 4d), | | 
4 5 
5 
(II) (III) 


Letters are assigned to the sides of the base component 
which terminates the name, in this case “pyridine.” 
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Thus in (II), positions 1 and 2 create side a, 2 and 3 
create side b, etc. Normally, numbers are not as- 
signed to rings which take lettered-side designations. 
So when (II) and (III) are fused to give (I), it is seen 
that side c of (II) and positions 3 and 4 of (III) are the 
points of contact or fusion. 

The numbering and lettering are directed so as to 
give the lowest numbers and letters possible at the 
points of fusion consistent with the fixed numbering 
of the component rings. The rules invoked when 
more than one heterocyclic atom is present in a partic- 
ular ring take precedence (as in (III)) over the rules 
concerning points of fusion. 

It should now be noted that the numbering of (II) 
is in a clockwise manner while (III) has been numbered 
in a counter-clockwise direction. An important rule 
to keep in mind here is that the order of the numbers 
involved in fusion designation is dictated by the direc- 
tion (clockwise or counter-clockwise) in which the 
rings are numbered. If the rings are numbered in 
opposite directions, then the fusion position numbers 
are stated in a consecutive manner [3.4]. If both rings 
are numbered in the same direction, then the numbers 
are listed in reverse order [4.3]. Since in the cases of 
(II) and (III) the numbering directions are opposite 
(see arrows), 3 and 4 are listed consecutively. This 
designation is then put immediately inside the left 
bracket. A dash follows and then comes the lettered- 
side symbol and the bracket is closed. Thus [3.4-c] 
is used for structure (1). 

In the case of (IV) below, the numbering of both 
rings is counter-clockwise, and so the fusion numbers 
used are reversed to give 1H-pyrazolo[4.3-c|pyridine 


(4) (IV). 
i 
d 
2> 
(IV) 


In cases where the nuiabers on a ring can be assigned 
arbitrarily in either direction, that direction is chosen 
which gives consecutive numbering within the fusion 
position brackets. Such a case is (V). Note the 
numbering directions of its parts, (VI) and (VII). 


1 Originally this article was prepared as a guide for American 
Cyanamid chemists and was not meant to be a thorough treat- 
ment of the subject. 
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(V) 
Pyridazo[4,5-d |pyridazine (6) 


6 
fn 
16: 
aN 3 ) \ iN 
(VI) 


(VII) 

In a structure where a hetero-atom is common to 
both rings, that atom is included in both rings when 
numbers and letters are assigned. Thus in 2H-pyrido- 
[1.2-a]pyrimidine ‘6) (VIII) 


Ny 
* 
SS 


(VIII) 


note‘how the sections are numbered : 


In cases where no ambiguity can result, unnecessary 
numbers or letters may be omitted. For example, 
in pyrido[3.4]pyrazine (7) (IX), the para-position of 
the nitrogen 


N 


(IX) 


atoms in the right-hand ring indicates that this is a 
“pyrazine” and no other arrangement of these atoms 
would give the same fused ring system. If these 
were shifted one positio:. making one nitrogen common 
to both rings but still keeping the other nitrogen para 
to it ([Xa or IXb), the left-hand ring would no longer 


(IXa) (IXb) 


be “pyrido”’ and thus the name itself would be changed, 
The “pyrido”’ ring in (IX) is therefore numbered as 


and no letters need be assigned to the “pyrazine” 
ring. 

The appearance of oxygen, sulfur, phosphorus, etc. 
in these heterocyclic ring systems does not change the 
principle of designating the point of fusion. Thus 
thieno[3.2-c]pyridine (8) is the name for (X). 


s 
ee. 
Nv 
ar 
(X) 


When two or more different hetero-atoms appear in 
the same component ring, the starting point for number- 
ing of that ring is the hetero-atom of as high a group 
in the periodic table of the elements, and as low :n 
atomic number in that group, as possible. The orer 
of the more commonly occurring hetero-atoms is: 
oxygen, sulfur, nitrogen, phosphorus, and _ silicon. 
Thus, in oxazolo[5.4-d]pyrimidine (9) (XI), the 


(XI) 


numbering of the oxazole begins with the oxygen atom 
rather than with nitrogen as shown in (XIb). 


N 
4 2 
(XIb) 


Another example of this is 2H-isothiazolo[2.3-a]|pyri- 
dine (10) (XII) 


1 


NCH, 
~ where 4 


(XII) 


is the numbering used. 

It should be remembered that numbers assigned to 
indicate fusion points are different from the numbering 
of the fused system, and should not be used to indicate 
substituents which may appear on the ring system. 
For structure (IX) the final numbering would actually 


be as shown below. 
8 
Ny 2 
5 
N 


(IX), 


This discussion has touched only briefly on some of 
the fundamentals involved in a very complex nomen- 
clature problem. Most of these procedures carry over 
into the larger multi-ringed compounds where the 
basic principles mentioned here still apply. As a 
slightly more complex fusion designation, the following 
is a good example: 


CH, 
(XIII) 

Here the assigned name is 5H-furoquinoline and jor 
determining the fusion point designation the struc'ure 
is divided into “furo” (XV) and “quinoline” (X1\). 
Note how the letters are assigned in (XIV) and the 
numerals in (XV). Note too that the numerals are 
arranged consecutively [2.3.4] since the direction of 
numbering (counter-clockwise) is opposed to the 
direction of lettering in (XIV). The competed name 
for the structure therefore becomes 5H-furo[2.3.4- 
de|quinoline (11). 
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Considerable assistance in understanding the fusion 
positions of complex ring systems is available if a 
study is made of examples shown in “The Ring Index.” 
This reference work of almost 4000 organic ring struc- 
tures can be a very useful tool if a measure of patience 
is applied in its use. 
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CHEMISTRY AND THE WEST GERMAN 
EDUCATION SYSTEM 


Every year hundreds of American students and pro- 
fessors travel to Western Germany to study and teach 
in German universities. Many of them go under the 
sponsorship of the Fulbright program, as well as other 
exchange programs and grants. Not only is there 
opportunity to study specific subjects at a university, 
but what is more important, a chance to view German 
life and culture. As a Fulbright grantee during the 
academic year 1956-1957, I would like to describe 
briefly the German educational system with particular 
emphasis on the study of chemistry. 


ELEMENTARY AND SECONDARY SCHOOLS 


Prior to considering the German university system, 
it is advisable to examine the German elementary and 
secondary school structures, since they differ consider- 
ably from ours. After four years of elementary school 
(ages 6 to 10 years) about one-fifth of the students 
enter secondary school. The secondary schools are of 
two types: (1) “Realgymnasium,’’ where modern 
languages and the sciences are emphasized, and (2) the 


“Humanistisches Gymnasium,” where the emphasis: 


is on the classical languages. The students normally 
complete these studies at the age of 19. They must 
then pass the “abitur”; the remainder leave to study 
a trade, or perhaps to prepare for a practical er “white 
collar” profession. 

Due to the strenuous secondary school curriculum, 
as well as the fact that the student is somewhat older 
than his U. 8. counterpart, the first year at a German 
university corresponds more or less to the junior year 
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in this country. In certain fields, such as mechanical 
engineering, a half year of industrial experience is re- 
quired before enrolling at a university. This is not the 
case for students of chemistry. 

Early in 1957 a meeting of Germans who had visited 
the United States (as students, on various exchange 
pregrams, and as special observers) was held at the 
British Cultural Center in Braunschweig. The sub- 
ject under discussion was the comparative merits of the 
two educational systems. The concensus of opinion 
was that the German preuniversity education excels 
that of the United States. The deficiency is, however, 
made up at the university level. These views were 
naturally of a general nature, since there was consider- 
able difference of opinion as to what constitutes a 
“good” education. 


UNIVERSITIES 


Western Germany has some 23 universities and 
technical “high schools’ (Hochschule). The term 
“thigh school”’ is misleading, since these schools are ones 
which specialize in science and technology, as opposed 
to universities with their many faculties. With the 
exception of the purely technica] bias in the German 
high schools, the same ground is covered in many uni- 
versities. Identical degrees in chemistry are awarded 
in both types of institutions. 

The older German universities were modeled after 
the University of Paris. Heidelberg is the oldest, 
founded in 1386, while the oldest “Technische Hoch- 
schule” is Braunschweig, founded in 1745. In ad- 


4 
-a |pyri- 


dition to universities and technical high schools, there 
are a number of special colleges and academies at the 
same academic level, offering training in agriculture, 
forestry, medicine, mining, and music. 

The university year consists of two semesters: The 
summer semester lasts three months, commencing in 
April or May. The winter semester begins in October 
or November and lasts four months. There are no 
examinations given during or at the termination of a 
course. Even though a student is required to register 
for courses, attendance is not compulsory. The entire 
means of evaluation hinges on two major oral examina- 
tions, a written thesis, and participation in seminars. 

Student life centers about “Corporation” (fraterni- 
ties), social, technical, religious, or political clubs. 
University students have their own administration in 
the form of the ‘Allgemeine Studentenausschiisse”’ 
(ASTA) (General Student Committees). The officers 
of ASTA are elected from the student body on demo- 
cratic principles. Romance has not entirely disap- 
peared from university life, particularly in the smaller 
university towns. Attendance of a “Corporation” 
affair is a memorable event. The officers are re- 
splendent in their uniforms, and much of the cere- 
mony is conducted in Latin. 

The basis of the German university system is one 
of favoring freedom in choosing courses. When our 
system of course requirements and compulsory attend- 
ance is described to a German student, he will in- 
variably remark “Oh yes, that’s like our elementary 
school system.’”’ It should be noted that in practice 
today many subjects taken during the first two years 
are in reality “required subjects.” 


STUDYING CHEMISTRY 


It is not a simple matter to describe exactly the se- 
quence of courses that a typical student of chemistry 
follows. As was previously mentioned, he is given con- 
siderable freedom in choosing his courses. The follow- 
ing is more or less a compesite program compiled on the 
basis of interviews with students at the Braunschweig 
Technische Hochschule, as well as reference to the 
suggested plan of study.! 


TABLE 1 
Courses Taken Prior to Examination 


Number of 
semesters 


Subject Hours/week 


Lectures 


Inorganic Chemistry 
Advanced Inorganic Chemistry 
Physical Chemistry 
Organic Chemistry 
Experimental Physics 
Calculus 
Laboratories 
Approx. 35-40 weeks, all day 


4-6 weeks, all day 
2 weeks, all day 


Inorganic Chemistry 
Physical Chemistry 
Physics 


In addition, one elective lecture (4 hr./week), and one elective 
laboratory course are required. 


The first examination (vorexamen) may be taken 
after a minimum of four semesters. After an additional 


1 “Braunschweiger Hochschulfiihrer” 1956-1957. 


four semesters the student may take his final «x. 
amination (hauptpriifung), successful completion le:d- 
ing to a diploma. The diploma may be considered to 
lie between the master’s and doctor’s degrees. If 
the field of study is chemistry, the title conferred is 
“Diplom-Chemiker.”’ In practice, however, it takes 
somewhat longer than the required minimum of eight 
semesters to complete these studies. 

Table 1 outlines in detail the course requirements 
prior to the first examination. After completing those 
subjects as well as any number of electives desired, the 
first oral examination is given. The student is ex- 
amined in each of five subjects: inorganic chemistry, 
organic chemistry, physical chemistry, physics, and one 
elective. Upon successful completion the student 
begins the second phase of his program, taking the 
subjects outlined in Table 2. 


TABLE 2 


Courses Taken After Successful Completion of 
Examination 


Number of 


Subject Hours/week semesters 


Lectures 
Organic Chemistry 3 
Physical Chemistry 4. 
Chemical Technology 4 
Elective 2 


Laboratories 
4-6 weeks, all day 


Approx. 35-40 weeks, all day 
6-10 weeks, all day 


Physical Chemistry 
Organic Chemistry 
Chemical Technology 
Elective 


At this point in the program, the final examination 
may be taken. The examination is oral, and covers the 
following subjects: inorganic chemistry, organic chem- 
istry, physical chemistry, chemical technology, and one 
elective. The final requirement, before the diploma is 
awarded, is the completion of an original research 
project. This consists of about six months of full-time 
laboratory work and the writing of a thesis. At this 
point the student may terminate his studies and seek 
employment as a “Diplom-Chemiker.” It is strongly 
recommended that he should continue and earn the 
doctorate. Nearly 90% do so. 

No additional courses are required for the doctorate; 
however, a thesis must be written. The full-time 
thesis research requires at least three to four semesters. 
An oral examination in chemistry or physical chem- 
istry as well as physics (in most cases) is given. (pon 
passing this examination the title Dr. rer. nat. (Sc D.) 
is conferred. Since chemical engineers are virtually 
unknown in Germany, the physical chemist often {nds 
his duties in industry to be of a chemical engineering 
nature. 

In view of the present interest and concern in scie: ' ifie 
education, it might be well to examine the educational 
systems of other nations, with the thought in : ind 
of improving our own system. Since each system has 
advantages as well as disadvantages, it is a matter of 
integrating the desirable portions of each system nto 
ours. The important point is that Germany is ible 
to achieve the successful training of able chemists via 
a different route. 
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Notes on Qualitative Analysis Procedures 


Epitor’s Nore: The following papers have been collected over a period of months. It is the 
Editor’s hope that collection into one place will prove more attractive to readers than the more 
frequently used editorial procedure of scattering items such as these through the pages of several 
issues. We apologize to authors who thus have bad to wait to see their work in print. 

We commend to readers’ attention the fact that several of these represent the solution of prob- 
lems given to freshman students in qualitative analysis courses. We hope that publication in 
these pages can stimulate just such activity. If readers merely incorporate these ideas into their 
own laboratory instructions, our battle is only half won. If, beyond that, these ideas suggest to the 


SeverRAL methods for the detection of arsenic either 
suffer from interference, especially by antimony, or are 
not convenient in introductory courses in qualitative 
analysis. It has been known for over a century that 
arsine precipitates copper arsenide from a copper salt 
solution (1, 3), while in 1871 Hager noted that the gas 
darkened a test paper soaked in such a solution (2). 
Until the recent work of Vial de Sachy (6, 7), however, 
little analytical use has been made of these facts. He 
devised a simple test for arsenic in the presence of anti- 
mony. We have now adapted this method to the 0.5- 
ml. scale. 
Filter-paper strip A is 2 to 3 mm. wide 
nA and is supported in attachment B, as shown 
in the figure. The attachment is made by 
collapsing one end of a short length of 6-mm. 
outside diameter glass tubing until the bore 
is about 1 mm.; its principal use in qualita- 
tive analysis is for treatment of solutions 
with hydrogen sulfide by the “pressure 
D- method,” which is simple, rapid, and econo- 


LU mical on the 0.5-ml. scale (4, 5). Rubber 

ae tubing sleeve C fits snugly on the attachment 
and into the mouth of the 75- x 10-mm. 
test tube D. 


Procedure is as follows: Apply one drop of 


ee, strip and insert the latter wet end first into 
’ the attachment. Place 2 to 4 drops of the 
sample solution in the test tube and follow 

with about 10 drops of 4 N sulfuric acid. Add a 
“knifepoint” of zine granules (about 20 mesh), quickly 
insert a small cotton plug and at once push home 
the attachment. A dark stain appearing on the 
paper within 2 minutes indicates the presence of 
arsenic; quantities greater than about 1 mg. cause 
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readers that they use their own ingenuity in similar fashion, we are gratified. 


10% copper sulfate solution to the paper. 


JOHN T. STOCK and LUCINDA M. GARCIA 
University of Connecticut, Storrs 


staining to occur within 40 seconds. Run an oc- 
casional blank test to prove absence of reagent con- 
tamination. 

Although the test works equally well in the presence 
of antimony and tin, these common Groups IIB 
elements cause no staining when arsenic is absent. 
The entire Group IIB precipitate is therefore dis- 
solved in a few drops of aqua regia and the solution 
is partially evaporated to expel nitric acid. After 
dilution with water to 0.5 to 1 ml., portions are used 
not only for the detection and confirmation of arsenic 
by the test described and by formation of arsenomolyb- 
date, but also for the detection and confirmation of 
antimony and tin (4). 

The concentration of the copper sulfate solution is 
not critical. Although slower in appearing, satis- 
factory stains were obtained on test papers impregnated 
with a solution containing only about 1 g. of copper 
sulfate pentahydrate per liter. 

The dark stain due to copper arsenide is formed as 
follows: 


AsO,—* + 11H* + 4Zn ig + 4H,O + 4Zn** 
3Cut++ + 2AsH;, = {Cu;As. + 6H* 


If antimony is present, stibine is also formed. This 
gas differs from arsine in not staining the test paper. 


LITERATURE CITED 


(1) Dumas, J. B. A., Ann. Chim. Phys., 33, 355 (1826). 

(2) Hacer, H., Jahrb. prakt. Pharm., 35, 92 (1871). 

(3) Souperran, E., Ann. Chim. Phys., 43, 417 (1830). 

(4) Stock, J. T., ano P. Hearn, Metallurgia, 42, 44 (1950). 

(5) Srocx, J. T., anp P. Heatu, “Small-scale Inorganic Quali- 
tative Analysis,’ Chemical Publishing Co., New York, 
1954. 

(6) Viau ve Sacuy, H., Chim. anal., 38, 435 (1956). 

(7) Viau vE Sacny, H., Ann. Falsif., 50, 53 (1957). 


401 


of 
te THE COLORIMETRIC DETECTION OF ARSENIC AS COPPER ARSENIDE 
ters » 


SEPARATION OF ARSENIC AND COPPER IN QUALITATIVE ANALYSIS 


TuHaT ammonium polysulfide dissolves cupric sulfide 
slightly is well known (4); some copper may thus pass 
into Group IIB of the usual sulfide scheme of qualitative 
analysis. Less usual and hence disconcerting is the ex- 
tensive, or even complete, dissolution of a copper-con- 
taining sulfide precipitate. This may occur when cop- 
per and arsenic are present together. 

The enhanced solubility of cupric sulfide in am- 
monium ploysulfide, caused by presence of the arsenic 
sub-group, has been known for over a century (6, 6). 
Davies and Monro studied the effect quantitatively by 
precipitating 200-mg. portions of copper and variable 
amounts of arsenic with hydrogen sulfide (1). They 
treated the precipitate with ammonium polysulfide of 
approximate composition (NH,).S. and determined as 
thiocyanate the copper dissolved out with the arsenic. 
Their data show that the weight of copper extracted is 
markedly dependent upon the amount of arsenic pres- 
ent. 

Working with 0.5-ml. portions of an “unknown” 
solution which was about 0.05 M with respect to each 
copper(II) and arsenic(III), it was noticed that when a 
dark sulfide precipitate was obtained, behavior with 
ammonium polysulfide was satisfactory. In many 
cases, however, students obtained a brown or buff pre- 
cipitate; this form always dissolved extensively in 
ammonium polysulfide and possibly contains copper as 
a thioarsenite rather than as sulfide. 

In an attempt to explain the erratic results, hydro- 
chloric acid was added to 0.5-ml. portions of the ‘‘un- 
known” to give acidities ranging from 0.2 to 2 M. 
Each portion was heated to incipient boiling, then 
carried to the fume hood and treated with hydrogen 
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sulfide. Persistence of erratic behavior showed that the 
acidity is not the controlling factor. 

Davies and Monro do not indicate the temperature at 
which their hydrogen sulfide precipitations were per- 
formed. Further 0.5-ml. portions of the solution were 
therefore adjusted to a fixed acidity of 1 M; each por- 
tion was then maintained at a selected temperature dur- 
ing treatment with hydrogen sulfide. At 95° or above, 
the precipitate was invariably dark and behaved quite 
satisfactorily in the subsequent extraction with am- 
monium polysulfide. 

It is thus clear that, when copper and arsenic are 
likely to be present together, to merely heat the solution 
before treatment with hydrogen sulfide is inadequate. 
Inevitable cooling during transport to the fume hood 
invites erratic results, especially when operating on a 
small scale. The 75- X 10-mm. test tube containing 
the solution should be placed in boiling water, so that 
treatment with hydrogen sulfide may be performed at or 
near 100°. Use of a simple pump-type microgenerator 
(2, 3) eliminates any risk of ignition of hydrogen sulfide 
by the flame used for heating. 

Charles R. Green and Jule A. Miller carried out most 
of the experimental work. 
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A SPOT TEST FOR CADMIUM 


FaitureE to complex the copper ion completely in the 
analysis of Group IIA has offered some difficulty to 
the beginner in his subsequent test for the cadmium 
ion. A simple but effective spot test can be made 
with Titan yellow. A drop of the ammoniacal copper- 
cadmium mixture is placed on a piece of filter paper 
and to this is added a drop of Titan yellow reagent. 
A bright red-orange coloration is a positive test for 
the cadmium ion. Concentrations of copper normally 
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found in such mixtures offer no interference. Other 
ions of Group II (on filter paper) produce varying 
shades of orange upon exposure to ammonia fumes. 
However, the red-orange produced by the cadmium ion 
is unmistakable. 

The reagent is prepared by dissolving 0.2 g. of Titan 
yellow in 70 ml. of methyl alcohol and diluting to 
100 ml. with distilled water. 
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THE USE OF KCN 


In ’HE usual classical method (/) for the separation and 
qualitative analysis of the metals of Group ITA the cop- 
per and cadmium ions are isolated in the form of their 
respective tetrammine complexes: Cu(NH;),+* and 
Cd(NH3),*++. At this point, the separation and identi- 
fication of each cation is based on the use of a solution of 
potassium cyanide to form the new complex ions: Cu- 
(CN)2~ and Cd(CN),—~, the former having an insta- 
bility constant of 5 X 10~-* and the latter 1.4 X 10-"*. 
The more stable dicyanocuprate(I) ion furnishes too 
few Cut ions to be easily precipitated as the sulfide, 
while the tetracyanocadmiumate(II), which supplies 
many more cations (Cc ++), may be readily precipitated 
as the sulfide by ammonium sulfide solution (2). 

In order to avoid the use of the very poisonous KCN 
solution, and yet to retain the wet basis of analysis, the 
author has developed a new method for the separation 
and identification of copper and cadmium. A partial 
separation is first made by means of the tendency of 
copper to form the soluble complex cuprate, Cu(OH),-—~ 
or CuO.—~, with an excess of strong sodium hydroxide 
(and some of the insoluble Na,CuO, also), whereas the 
cadmium under these conditions forms the usual 
Cd(OH), precipitate (3). After centrifuging, the de- 
cantate containing Cu++ ions from the moderately dis- 
sociated tetrahydroxocuprate(II) is acidified for test- 
ing, and the presence of copper confirmed by precipita- 
tion with potassium ferrocyanide as the red cupric fer- 
rocyanide (CusFe(CN).). 

During centrifuging, the gelatinous cadmium hy- 
droxide precipitate drags down with it some of the 
cuprate. For the complete removal of the latter, it is 
necessary to destroy the copper ions by preferential re- 
duction in the presence of the cadmium, thus leaving the 
cadmium ions free for identification as the sulfide. For 
a similar purpose, Sorum suggests the use of solid so- 
dium hydrosulfite, NasS.O, (2a). 

The avthor, however, has applied the use of a soluble 
chelating agent for the cupric ions followed by reduction 
in hot alkaline solution by an aldose to form the red 
cuprous oxide, which, being insoluble, can be removed 
by centrifuging, leaving the cadmium ions in the de- 
cantate for easy identification as the sulfide (by means 
of thioacetamide). 


SEMIMICRO PROCEDURE 


A. Partial Separation of the Cadmium Fraction. Acidify six 


drop: of the deep blue solution containing Cu(NH;),*+* and 
Cd(NH;),** (approximately 0.05 M each) with five drops of 
5 M acetic acid (color changes to pale blue). Add six drops (an 
excess) of 8 M NaOH (blue color deepens). Centrifuge the 
bluish white gelatinous precipitate of Cd(OH).. Decant the 
blue solution and test as in B. Wash the precipitate once with 
six drops of water, centrifuge, and discard the washing. Treat 
the precipitate as in C. 

B. Identification of Copper. Acidify the blue decantate with 
five to six drops of glacial acetic acid (color should become pale 
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IDENTIFICATION OF COPPER AND CADMIUM—A METHOD WITHOUT 
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blue). Then add two drops of 0.2 M K,Fe(CN)s. The red Cur- 
Fe(CN ). precipitate confirms the presence of copper. 

C. (1) Complete Separation of the Cadmium Fraction. Dis- 
solve the Cd(OH), precipitate which has some adsorbed cuprate 
in one drop of 5M HCl. Addin this order: three drops of 30% 
sodium citrate (blue color deepens), three drops of 20% glucose 
solution, and two drops of 4. M NaOH. Mix well and heat in a 
boiling water bath for two minutes. Centrifuge and decant 
the amber-colored solution. Discard the brownish red Cu,O 
precipitate. 

(2) Identification of Cadmium. To the decantate from (1) 
add two drops of 5 M HCl, producing a pale yellow slightly acidic 
solution. Add ten drops of saturated aqueous thioacetamide 
solution. Mix well and heat in a boiling water bath for one 
minute, and then reduce the acidity by adding two drops of 0.5 M 
NaOH. The yellow precipitate (CdS) proves the presence of 
cadmium. 


When an excess of acetic acid is added to the solution 
of complex ions, the Cu(NH;),*+* and Cd(NH;),4** are 
resolved into their respective cations (2b). The addi- 
tion of an excess of the strong base, NaOH, then pro- 
duces the cupric anion complex, Cu(OH);~~ or CuO2~~, 
which is deep blue in color. The moderate stability of 
this cuprate ion prevents the complete precipitation of 
the copper as the usual hydroxide. Hence, the blue 
decantate may be used to confirm the presence of cop- 
per. 
The tetrahydroxocuprate is readily resolved to Cut* 
by an excess of acetic acid. The deep blue color of the 
Cu(NH;),+*+ ion and the red of the Cu,Fe(CN). pre- 
cipitate are visible even in very high dilution, but the 
white of the Cd.Fe(CN)s, which would precipitate 
under the same conditions as the cupric salt, would be 
obscured by the red color of the latter. 

The chelating agent, sodium citrate (a salt of an 
organic hydroxy-acid), forms a soluble deep blue com- 
plex with the copper, but practically none with the cad- 
mium. In hot alkaline solution, the reduction of the 
cupric chelate by glucose yields the yellow cuprous hy- 
droxide and then the brick-red cuprous oxide precipi- 
tates (7). The aldehyde sugar itself is oxidized to glu. 
conic acid and dark resinous cleavage products (4). 
Upon acidification of the decantate, however, the solu- 
tion becomes lighter, so that the yellow cadmium sul- 
fide precipitate can be easily seen. If desired, it may be 
washed with water, dissolved in 6 M HCl, partly neu- 
tralized, and reprecipitated. Courtney and Martell 
found the chelate stability of copper to be much larger 
than that of cadmium with other organic acids (5). «4 

The preferential reduction of copper in the presence of 
cadmium is a well-known reaction, as shown by Sorum’s 
use of sodium hydrosulfite. This is further aided by 
the formation of the strong cupric-citrate-chelate which 
reduces the concentration of Cut++ ions so very much 
that the reduction of the alkaline copper experimentally 
exceeds that of cadmium. On the basis of oxidation- 
reduction potentials, as pointed out by Hazel (6), in this 
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mixture of cations the one with the more negative po- 
tential, i.e., Cu*++, will be reduced. 

This new alternative method has several points to 
recommend it: First and foremost, it makes possible the 
avoidance of the use of poisonous potassium cyanide 
solution. It gives new emphasis to the versatility of 
copper in forming various positive and negative, simple 
and complex ions, and in reacting with organic as well as 
inorganic reagents. It offers an opportunity to point up 
the significance of chelating agents in general, and of 
sodium citrate in particular. It demonstrates the self- 
indicating effect of glucose as a reducing agent for cop- 
per. It aids in the translation of the theory of prefer- 
ential reduction into observed fact and brings out the 
meaning of differences in the oxidation-reduction po- 
tentials as seen in copper and cadmium. It makes the 
copper-aldose reaction, already familiar in sugar analy- 
sis, now equally significant in reverse as an identification 
of copper. 
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ANALYSIS OF MERCURY(II) SALTS WITH THIOACETAMIDE 


THE reaction between thioacetamide and mercury 
(II) salts leads to a variety of precipitates depending 
upon the concentration of the thioacetamide, the pH 
of the solution, and the type of acid present in the 
reaction mixture (1). In order to learn whether the 
orange or the brown compounds formed under the 
conditions of a standard analytical procedure (2) 
would interfere with the analysis of mercury the follow- 
ing experiments were performed: 

The hydrogen ion concentration was adjusted to 
0.3 M and precipitation with an excess of an 8% 
solution of thioacetamide was carried out. An orange 
precipitate was formed which did not dissolve upon 
treatment with ammonium hydroxide and _thioacet- 
amide (2). This orange precipitate dissolved partially 
in 6 M potassium hydroxide (3) and when the latter 
solution was neutralized with hydrochloric acid, a 
black precipitate reappeared. This black precipitate 
proved to be mercuric sulfide. It was thus shown 
that the behavior of the orange substance does not 
differ from that of the black mercuric sulfide for ana- 
lytical purposes at this step in the procedure. 

When the hydrogen ion concentration was adjusted 
to 2 M (4) the color of the precipitate obtained from 
the treatment with thioacetamide was dark brown, 
and its behavior in subsequent separation procedures 
was the same as that described for the orange com- 
pound. The adjustment of the hydrogen ion con- 
centration of 2 M was made because the buffering 
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action of acetate liberated in the hydrolysis of thioacet- 
amide decreases the acidity (6). 

Neither the orange nor the dark brown compound 
dissolved in 6 M nitric acid. This allows the separation 
of cadmium, bismuth, copper, and lead salts from the 
mercury(II) salt. 

The orange as well as the dark brown precipitate 
dissolved in aqua regia and gave positive tests with 
stannous chloride. 


Initial 
Ht 


Observation 
Light gray pre- 

cipitate 
Gray-black 

precipitate 


Solution tested Reagent 


0.3 Orange mercury(II) com- Stannous 
pound in aqua regia chloride 

2.0 M Brown mercury(II) com- Stannous 
pound in aqua regia chloride 


It may thus be concluded that even though a variety 
of colored compounds are formed when thioacetamide 
is used to precipitate mercury(II) sulfide there seems 
to be no interference with the usual analytical proce- 
dures at this point. It is also confirmed that an adjust- 
ment of the initial hydrogen ion concentration to 2 V 
is desirable when thioacetamide is substituted for hy- 
drogen sulfide in the analysis. 
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DesriTE the numerous non-sulfide methods of quali- 
tative cation separation and analyses that have been 
suggested ‘‘to increase pedagogical efficiency while 
eliminating the unpleasantness and dangers of sulfide 
separations’’ (7), the classical hydrogen sulfide scheme, 
modified only as to the source of sulfide, still remains the 
most popular and most widely used in undergraduate 
instruction. Of the various organic and inorganic 
sources for sulfide proposed and tested (7), the most ac- 
ceptable has been thioacetamide. The fundamental 
work of Barber, Grzeskowiak, and Taylor (2, 3), 
Flaschka (4), Swift and Butler (5), and more recently, 
Lehrman and Schneider (6), have placed the use of a 
5%-13% by weight aqueous solution of thioacetamide 
asa source of hydrogen sulfide in qualitative and quanti- 
tative analysis schemes (3, 4, 7, 8) on a firm experimen- 
tal basis. 

For the past four years, the bench-scale preparation 
of thioacetamide according to the following reaction 


5CH;CNH, + P.S; 5CH.CNH, + P.O; 


has been assigned as a senior undergraduate problem in 
our Organic Process Laboratory. In addition to the 
practical advantages of such training which includes use 
of larger-than-laboratory scale equipment, a study of 
process variables, and the necessity for solvent recovery, 
this process exercise has been a source of pride in ac- 
complishment to the students since the thioacetamide 
thus obtained at considerably less than commercial 
cost, has been successfully used in all our under- 
graduate qualitative analysis laboratories. 

The method of procedure and isolation of thioaceta- 
mide reported in this paper is a modification of that 
originally proposed by Hantzsch (9), and improved 
upon by Kindler and Findorff (10), and Persina (11). 
These recorded procedures, however, all require re- 
peated and time-consuming extractions of the reaction 
mass with large volumes of solvent benzene or xylene 
for complete thioacetamide recovery, and only Persina 
(11) reports a yield (35%—40%). In our hands, the 
maximum yield obtainable using Persina’s procedure 
on a laboratory scale has been 32%. Schwarz (12) has 
also prepared thioacetamide in situ by this reaction in 
the synthesis of 2,4-dimethylthiazole. 

Process variables which have been studied include the 
effect of reaction time, temperature, mode of addition of 
reactants, and solvent concentration, on the yield and 
purity of product. The optimum conditions used herein 
are benzene: acetamide: mole ratio of 80:5.08:1, 
reaction temperature 70°-75°, and reaction time, one- 
half hour. 


‘ Thioacetamide may be purchased from Distillation Products 
Industries, Arapahoe Chemicals, Inc., Matheson Coleman and 
Bell, Inc., J. T. Baker, and A. Daigger and Co. (Sulfi-down) at 
Prices ranging from $25 per lb. to $15 per 100 g. 
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PROCEDURE 


It is essential that the reaction be conducted only where 
there is excellent ventilation because of the toxic effects of 
benzene and hydrogen sulfide gas. 

Three and one-half liters of benzene are heated to 
70°C. in a three-neck five-liter round bottom flask, fitted 
with a good stirrer, reflux condenser, thermometer, and 
heating mantle with Variac control. One hundred and 
fifty grams of technical grade acetamide is then added 
to the hot solvent and stirring continued for about five 
minutes until the acetamide is in solution. One hundred 
and ten grams of technical grade diphosphorus pentasul- 
fide? is slowly added (5-10 min.) while vigorous stirring 
is maintained. The solution is heated for an additional 
30 minutes at which time the original green solution 
becomes dark yellow. The stirring is stopped and the 
bright yellow reaction solution decanted into a four- 
liter beaker immersed in cold water, taking care that 
none of the dark brown oily material which always forms 
in the reaction mass is carried over into the beaker. 
Crystallization of the thioacetamide needles begins al- 
most immediately from the externally cooled solution. 
After about two hours the product is filtered on a 
Biichner funnel and air dried. 

The benzene filtrate is placed in a distillation flask for 
concentration and recovery. This distillation flask is a 
twelve-liter round bottom flask fitted with a one inch by 
thirty inch fractionating column packed with glass 
beads. The benzene mother liquors from several runs 
are combined and fractionally distilled. We have 
noted, however, that extensive solvent contact time re- 
duces the purity and yield of the thioacetamide re- 

covered from the mother liquors. When these com- 
bined filtrates have been concentrated to about one- 
third their original volume, they are cooled, and the 
thioacetamide filtered to yield an additional 5%-15% 
of product. When about 90% of the benzene solvent 
has been recovered, the stillpot residue is filtered and re- 
crystallized from toluene-petroleum ether and finally 
from 95% ethanol which can also be recovered. The 
tarry material originally left in the reaction flask after 
the decantation step is easily removed with hot water. 
The recovered benzene (90%) is used for the next se- 
quence of runs. Yield of thioacetamide, 35%~40%; 
m.p. 109°-111°. This thioacetamide is used without 
further purification in qualitative analysis. 
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A NEW SHORT METHOD 
COPPER, AND CADMIUM 


TuHE usual method for separating lead in qualitative 
analysis is to add sulfuric acid to the nitric acid solu- 
tion of the copper group cations (Group IIA) after 
the removal of mercuric sulfide and evaporate until 
fumes of sulfuric acid (SO; + H.O) appear. The object 
of this procedure is to drive off all the nitric acid, which 
has a lower boiling point than sulfuric acid, because of 
its solvent effect on lead sulfate. 

However, this evaporation is a tedious operation 
resulting in dense white fumes which have a choking 
effect if inhaled. Many times lead sulfate does not 
precipitate because of its tendency to form supersatu- 
rated solutions under the conditions of the experiment. 
The concentrated sulfuric acid has to be diluted with 
water and allowed to stand several minutes before the 
lead sulfate precipitate appears. Depending upon the 
concentrations of bismuth ion in the solution, often an 
insoluble bismuthy] sulfate, (BiO)2SO,, also settles out. 
This insoluble substance does not interfere with the 
eventual solution of lead sulfate but it often is confusing 
to the student. Therefore a better method of sepa- 
rating lead is needed. 

The scheme presented here depends upon the separa- 
tion of lead ion as a sulfate using ammonium sulfate, 
rather than sulfuric acid. Even though nitric acid is 
present the lead ion is practically completely precipi- 
tated. No better result was obtained by neutralizing 


OF SEPARATING LEAD FROM BISMUTH, 


LEO LEHRMAN 
The City College, New York, N. Y. 


the excess nitric acid with ammonia, then redissolving 
any precipitated basic substances with a minimum 
amount of nitric acid before adding the ammonium 
sulfate, than by adding the ammonium sulfate directly 
to the nitric acid solution. Using sodium sulfate in- 
stead of ammonium sulfate gave no better precipitation 
of lead sulfate. Experiments also showed that 1 mg. 
of lead ion can be detected with certainty. The solu- 
tion, after removal of the lead sulfate, made alkaline 
with ammonia and treated with thioacetamide, gave 
a negligible precipitate. This indicated there would be 
no interference with any subsequent test for cadmium 
ion as a sulfide. Various combinations of metal ions 
of Group IIA equaling 25 mg. with 1 mg. of cadmium 
ion still could be analyzed easily for the latter. The 
other metal ions are separated and detected in the usual 
way. 

Following are the details of the procedure on a semi- 
micro basis: 


Solution, approximately 1.5 ml.: Pb**+, Bit®, Cu++, Cd** 
and excess nitric acid.! 

Add 0.4 g. (NH,)2SO,, stir to dissolve and let stand 2 minutes. 

Centrifuge and transfer the centrifugate to a beaker. Wash 
residue twice with 0.5-ml. portions of water, combining the wash- 
ings with the centrifugate. 


1Curtman, L. J., “Introduction to Semimicro Qualitative 
Chemical Analysis,’ The Macmillan Co., New York, 1950, p. 264. 


SEPARATION OF COPPER(II) FROM CADMIUM(II) IN QUALITATIVE 
ANALYSIS 


THE separation of copper(II) from cadmium(II) is 
usually a trouble spot in the scheme of qualitative 
analysis. Since copper(II) interferes with the identi- 
fication of cadmium(II), most procedures suggest the 
use of some complexing agent. The cyanide method is 


CLIFFORD C. BOYD and WILLIAM K. EASLEY 
East Tennessee State College, Johnson City 


potentially hazardous; the separation of copper (!1) 
by tartrate is seldom satisfactorily complete to allow 
a clear-cut identification of cadmium(II) as the yellow 
CdS. 

The procedure here suggested is based on the ob- 
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servation that copper(II) ion is extracted selectively 
from solutions containing the ions in question by a 
solution of 8-hydroxyquinoline in chloroform. This 
makes use of the well-known fact that the 8-hydroxy- 
quinoline chelate of copper(II) ion is soluble in chloro- 
form. This affords an additional opportunity to 
stress the value of chelating agents and the use of an 
immiscible solvent in extraction. 

The deep blue solution at this point contains 
Cu( NH3)4+* and Cd(NH;),** plus an excess of NHs. 
To about 5 drops of the solution add 6 M HC] dropwise 
until the blue color is discharged. Adjust the solution 
to a pH of about 6 (Hydrion paper) by the addition of 
1 M NaC.H;0, and add about 1 ml. of saturated KCl 
solution. Extract by shaking the solution for three 
minutes with an equal volume of 0.04 M 8-hydroxy- 
quinoline in CHCl;. Centrifuge the mixture which 
may be frothy and separate by withdrawing the aqueous 
phase with a pipet. Discard the CHCl; layer. To the 
aqueous phase, which is now free of copper ions, add 5 
drops of 4 M NaOH and pass H,S into the solution. 
A yellow precipitate of CdS is formed. 


Experiments have shown if a dark precipitate is 
obtained that other cations have been incompletely 
removed. Purification may be achieved by treating 
the precipitate with 5 drops of 4 M H,SO, plus 5 drops 
of H,O, then heating on a water bath for 1-2 minutes. 
Centrifuge and discard residue. Neutralize the so- 
lution with 4 M NaOH and saturate with H.S. Yellow 
CdS will precipitate. 

During the development of the method, it was 
determined that one extraction as described was 
adequate in all cases where the molar ratio of copper 
(II) ion to cadmium(IT) ion was less than 6, provided 
that not more than 2 mg. of copper(II) ion was present 
in the 5 drops of the sample. 

By this procedure it is possible to detect much 
lower concentrations of cadmium(II) ion than is 
normally present in the semimicro scheme. 

The authors would like to express their appreciation 
to Shelton Thompson for his assistance in performing 
some of the routine experimentation required in this 
work. 


* THE USE OF N-CHLOROSUCCINIMIDE FOR IDENTIFICATION OF 
BROMIDE AND IODIDE IONS 


N-HaLOAMIDES and imides are commonly used for 
halogenation of and halogen addition to organic mole- 
cules. These compounds have also been employed 
as oxidizing agents.* Thus, benzyl alcohol is oxidized 
to benzaldehyde with N-chlorosuccinimide.** 


A standard procedure for confirming the presence of 
bromide and iodide ions is their oxidation to bromine 
and iodine with “chlorine water.” 


Cl, + H,O = HOC] + Ht + Cl- 


Hypochlorous acid is formed by this reaction to only — 


a slight extent (K = 4.7 X 10-*). It exists only in 
aqueous solution and is a powerful oxidizing agent. The 
reaction of N-chlorosuccinimide with water is an ex- 
cellent source of 


H,C—CO CH.CO 
>> Nal +H,0 — + 
H,C—CO CH,CO 
Succinimide 
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During the past few years we have used this reagent 
as the oxidizing agent in preference to ‘“‘chlorine water.” 
When this solid is dissolved in water, the resulting solu- 
tion readily oxidizes Br~ and I~ to the respective halo- 
gen. The halogen is then concentrated by extraction 
with carbon tetrachloride or chloroform by following 
the conventional procedure for identification by color. 

The use of this reagent (containing 26.2% available 
chlorine) obviates the undesirable features of handling 
chlorine gas. We have found that 10 g. N-chloro- 
succinimide dissolved in a liter of water gives a solution 
which is still useful after a month or more. It is gener- 
ally necessary to heat the solution in order to dissolve 
the solid completely. 

Since the reagent is available at relatively reasonable 
cost,® the use of N-chlorosuccinimide is recommended 
for use in qualitative analysis courses. 


1 Dyerasst, C., Chem. Revs., 43, 271-317 (1948). 

? Bucgigs, R. E., J. Am. Chem. Soc., 71, 1157 (1949). 

? Freser, L. F., anp 8. Rasacopatan, J. Am. Chem. Soc., 71, 
3935, 3938 (1949); 72, 5530 (1950). 

M. F., anp R. H. Martin, Experientia, 5, 
69 (1949). 

5 Gros, C. A., anp H. V. Scumip, Experientia, 5, 199 (1949). 

6 Available from Arapahoe Chemicals, Inc., and Eastman 
Kodak Co. (500 g./$9). 
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A CHEMICAL POLAROGRAPH' 


u TH 


Tue use of polarography in routine analysis and 
research is sufficiently extensive that today most 
courses in instrumental analysis include training in 
polarography. Numerous recording and manual instru- 
ments have been described (1) for carrying out research, 
routine and instructional polarography. Simple polaro- 
graphic instruments have been suggested by Muller 
(2), Rulfs (3), and Mundy and Allen (4) for student use 
which allow the instructor to emphasize principles 
rather than experimental operations involving the dials 
of a closed box. In this paper a novel approach to 
instructional polarography is described which has been 
found to be effective in teaching introductory polaro- 
graphic principles to senior students. 

Although polarographs conventionally include a 
battery and slide wire as the polarizing unit, it is some- 
times convenient, when only one potential is required, 
to replace the battery and slide wire with a suitable 
reference half cell or working anode. Kolthoff and 
Harris (5) described the use of a mercury-iodide working 
anode in the amperometric titration of mercaptans. 
Ewing (6) has also suggested a number of other refer- 
ence half cells which can be used to effect a similar 
simplification of apparatus for other amperometric 
titrations. In the present work the above concept has 
been extended, and a student polarographic device has 
been developed in which the usual battery and slide 
wire are replaced by a group of half cells, conveniently 
termed a half-cell bundle. The modification is sche- 
matically suggested by Figure 1 in which the portion of 
the conventional polarograph circuit within the insert, 
D, E, F, G, is replaced by the half cells, H. Instead 
of the continuous curve usually produced by a polaro- 
graph with a recording unit, the device described pro- 
vides a series of points because of the definite stepwise 
voltage variation. The instrument described is re- 
ferred to as a chemical polarograph. 


APPARATUS 


The equipment needed for a chemical polarograph 
is shown in Figure 2. The half-cell bundle was made 
from a block of polyethylene four inches in diameter 
and four inches long. Cavities for the half-cell elec- 
trolytes, of the form shown in the diagram, were easily 
made with a drill press and appropriate drills. The 
bottom of each half cell was closed with a small piece 
of polyethylene softened with a Bunsen burner. Plat- 
inum wires, which were used to make contact with the 
mercury in the bottom of each half cell, were soldered 
to an open ring of copper wire and the assembly em- 
bedded in the bottom of the polyethylene block by 


1 Taken in part from a paper presented before the Division of 
Chemical Education at the 128th Meeting of the American Chem- 
ical Society, Minneapolis, September, 1955. 
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heating. One end of this copper wire was extended 
through the top of the half-cell bundle for contact 
with the rest of the circuit. The bundle was completed 
by adding one or two milliliters of mercury to each 
cavity, and filling with appropriate electrolytes selected 
with the aid of Table 1. Trapped air bubbles were 
removed by vacuum and the small cavity on top was 
half filled. To prevent subsequent adulteration of the 
bulk of the half-cell solution, a tight glass wool plug 
was inserted in this top cavity as shown. The poten- 
tial of each half cell was measured potentiometrically. 
The reference half cells for use in polarography (/, 64) 
generally involve either mercury or silver and their 


of a +3 Polaro- 


Figure 1. Diagram Indicating Modificati 
graphic Circuit 


ilt 


A, Current measuring device; B, dropping mercury electrode; C, 
E, p 


tential measuring PF, 


bridge; D, saturated cal 1 elect 
slide wire; G, H, saference half calls. 
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salts. In this work a more complete series of addi- 
tional mercury half cells has been developed for polaro- 
graphic purposes. Compositions of electrolytes for 
tweity-nine half cells which cover the potential range 
fron: +0.4 to —1.0 volt versus 8.C.E. are shown in 
Table 1. The electrode potential at room temperature 
of « half cell involving the couple 2Hg—Hg2*+* + 2e is 
given by the following form of the Nernst equation 


E => + 0.03 log (1) 


It «an be seen from equation (1) that the electrode 
potential can be fixed at any value by controlling the 
mer ‘ury(I) ion activity. This has been done conven- 
jent'y in the first eleven half cells of Table 1, by employ- 
ing a series of saturated solutions of increasingly in- 
soluble mercury(I) salts. In these half cells the mer- 
cur) (I) ion activity has in turn been fixed by the solu- 
bility product of the mercurous salt and the concentra- 
tion of the anion. For instance, the electrode poten- 
tials of the mercurous chloride half cells are given by 
the following modification of (1). 


E= °ong—He2++ + 0.03 log — 0.06 log aci- (2) 
Thus potentials from +0.4 to —0.1 volt versus 8.C.E. 


a B 


Figure 2. Chemical Polarograph 


A, Microammeter, Weston, Model 430, 30 microamperes. 

B, Elec:rolytic condenser (7), 2000 microfarads, 12 volts. 

C, Electrolysis cell, 3.5-em. test tube. 

D, Fin: sintered glass salt bridge, 1 cm., Corning, Catalogue No. 39570. 

E, Pot.ssium nitrate salt bridge, lower end tipped with 1 em. of porous glass 
(5). upper end with glass wool. 

F, Hali-cell bundle with 10 half-cell cavities. Portion removed to show cross 
section of one half-cell and its electrical connection and the central 
bottom hole for a supporting pin. 

G, Partial cirele of copper wire near the bottom connecting to all 10 half-cells. 
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TABLE 1 
Composition of Electrolytes for Mercury Half Cells 
Approzi- 
mate 
ial 
at 25°C. 
(volts vs. 
S.C.E.) Composition® 


+0.4 Saturated K.SO,, excess Hg:SO, 
+0.35 5 §; KNO;, 1.8 g. HsPO,, 4.4 g. KH2PO,, 50 ml. 
2O, excess Hg;PO, 
+0.3 5 §: KNO,, 0.15 g. H;PO,, 11 g. KH2PO,, 50 ml 
20, excess Hg;PO, 
+0.25 5 KNO;, 6.5 g. KH:PO,, 1 g. KeHPO,, 50 ml. 
20, excess Hg;PO, 
+0.2 5 KNO;, 4 KH,PO,, 4 g. K2HPO,, 50 ml. 
20, excess Hg;PO, 
+0.15 10 g. KNO;, 0.06 g. KCI, 50 ml. excess Hg2Cl. 
+0.1 10 g. KNOs, 0.4 g. KCl, 50 ml. excess Hg2Cls 
+0.05 10 g. KNO;, 2.6 g. KCl, 50 ml. H,O, excess Hg2Cl: 
0.0 Saturated KCl, excess Hg2Cl. 
5 g. KCl, 1.1 g. KBr, 50 ml. excess Hg2Br2 
5 g. KCl, 6 g. KBr, 50 ml. H,O, excess 
15 1.8 g. HgBre, 50 ml. saturated KBr 
0.1 g. HgBre, 50 ml. saturated NaBr 
: 5 g. KCl, 3.4 g. Hgls, 5.0 g. KI, 50 ml. H,O 
3 5 g. KCI, 10 g. Hgle, 15.5 g. KI, 50 ml. H,O 
35 20 g. Hgl:, 38 g. KI, 50 ml. 
—0.45 0.9 g. Hgle, 50 ml. saturated Nal 
—0.5 5g. ey Hg0O, 6.9 g. KCN, 50 ml. H,0, 10 g. 
ZnO, 2 g. Na2SO; 
—0.55 5 g. KCl, 0.35 g. HgO, 0.8 KCN, 50 ml. HO, 
2g. NaSO; 
—0.6 HgO, 3 KCN, 50 ml. H,0O, 2 g. 


—0.65 uh Fa 1.3 g. HgO, 5.5 g. KCN, 50 ml. HO, 2 g. 


—0.7 4g. HgO, 15 g. KCN, 50 ml. HO, 2 g. Na,SO; 

—0.75 4g. HgO, 25 g. KCN, 50 ml. H,O, 2 g. Na2SO; 

—0.8 0.15 g. HgO, 30 g. KCN, 50 ml. H,0, 2 g. Na,SO; 

—0.85 15 g. KzxHPO,, 5 g. Na2SO;, 50 ml. H,O, 12 ml. 
saturated Na.S, excess HgS 

-—0.9 50 ml. H,0, 5 g. KCl, 5 g. KOH, 2 ml. saturated 
NaS, 5 g. NaeSO;, excess HgS 

—0.95 4.5 g. HgS, 5 g. KCI, 5 50 ml. H,O, 15 ml. 
saturated 5 g. 

—1.0 5 g. KOH, 25 ml. "HO, 25 mil. saturated 

5 g. Na.SO; 


@ To prepare these solutions or suspensions it is recommended 
that the chemicals be added in the order stated. 


have been obtained by using phosphate, chloride, or 
bromide salts and controlling the concentration of the 
relevant anion. 

In a similar way those half cells more negative than 
—0.1 volt and to —1.0 volt involve the couple Hg- 
Hg++ + 2e. In this case the electrode potentials were 
fixed at various values by controlling the mercury(I) 
ion activity. This was done by employing insoluble 
salts or complexes of mercury(II) and bromide, iodide, 
cyanide, or sulfide with appropriate amounts of a salt 
having a common anion. For example, the electrode 
potential of a mercuric iodide half cell would be given 
by the following equation: 

E = + 0.03 log K instugt, = 
+ 0.03 log aug, = —0.12 log (3° 

The stabilities of these half cells for polarographic 
purposes have been tested with the following results. 
Normal polarographic currents may be allowed to flow 
without appreciable change of potential. A few of the 
half cells show concentration polarization with currents 
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of the order of 1000 microamperes, but correct poten- 
tials are restored by agitation. The electrical resistance 
of the half cells when installed in a half-cell bundle of 
the type shown in Figure 1 is 100 ohms or less. In 
some cases the resistance has been kept low by addition 
of either potassium nitrate or chloride to the electrolyte. 
Their capacity is sufficient to allow many hundreds of 
polarographic measurements to be made without meas- 
urable change of potential. Stability toward air 
oxidation has been achieved by the addition of sodium 
sulfite to those half cells with the more negative poten- 
tials. In view of their relative stability it has been 
found unnecessary to check the potentials of the half 
cells in a half-cell bundle oftener than every few months. 


A STUDENT EXPERIMENT 


In the author’s classes in instrumental analysis, the 
preparation of the reagent and instruments for each of 
the experiments is assigned to groups of two or more 
students. In this way the preparatory work for an 
individual student is confined to only one experiment. 

he group assigned to the polarographic experiment is 
expected to fill the half-cell bundle, measure and post 
the half-cell potentials, and assemble and test the 
equipment. 

Thallium sulfate diluted with potassium sulfate is a 
convenient mixture for a student polarography experi- 
ment since oxygen removal can be carried out with so- 
dium sulfite rather than with nitrogen. To illustrate 
the characteristics of a thallium current voltage curve 
it is recommended that half cells with potentials of 
about —0.2; —0.3; —0.4; —0.43; —0.45; —0.47; 
—0.5; —0.6; —0.8, and —1.0 volt versus 8.C.E. be 
installed in the half-cell bundle. 

Experimental data for current voltage curves are 
obtained by reading the current on the microammeter 
with each of the ten half cells in turn. The condenser 
is helpful if the current is more than one or two micro- 
amperes, but is unnecessary when the current is less 
than this value. 

Inexperienced students obtain enough data in a 
three hour laboratory period to enable them to report 
the following: (1) The current voltage curve for 
thallium. (2) The residual current. (3) The curve 
for log (tg—7)/i versus potential and the value on n. 
(4) The half-wave potentiai. (5) The percentage of 
thallium in the unknown. The students calculate the 
percentage by the absolute method using the Ilkovic 
equation with D = 2.00 X 10-* em.?/sec., and using 
their experimental values for diffusion current and the 
capillary constant. 

The author has used various modifications of the 
chemical polarograph in instrumental analysis classes 
for several years and has found the apparatus described 
to be very suitable for instructional polarography at 
the senior student level. It is simple, inexpensive, 
rugged, and portable. Since there is no sliding contact 
at any point, students are not plagued by imperfect 
connections caused by corrosion if the instrumental 
analysis laboratory is located in a part of the building 
with a corrosive atmosphere. Students are able to 
obtain enough data in one afternoon to get consider- 
able insight into the elementary principles of polar- 
ography. 

An example of a current voltage curve typical of those 
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Figure 3. Current Voltage Curves Obtained with a Chemical Polaro. 
graph 


A, Residual current with 0.05 M ammonium sulfate, 0.1 M ammonium 
hydroxide, 0.03 M sodium sulfite and with one drop of saturated thy- 
mol per 50 ml. of solution. 

B, Above with 8.62 X 10-4 M thallium sulfate. 


reported by students is shown in Figure 3. It can be 
seen that enough experimental data are obtained so 
that the student is left in no doubt as to the character- 
istics of a polarographic current-voltage curve. A 
summary of other student results is shown in Table 2. 
Unfortunately, the author did not retain for compara- 
tive purposes the data reported by classes several years 
ago using a battery and slide wire type of polarograph. 
However, generally unsatisfactory results were ob- 
tained by the students with the amount of laboratory 
assistance available, and this led the author to seek 
other means of carrying out the experimental work. 


TABLE 2 


Summary of Student Performance for Thallium 
Analysis Using the Chemical Polarograph 


Ttem 
reported 
AE 
A log (ia — i)/i 0.059 0.060 0.010 
Ey, —0.47 volt —0.48 volt 0.01 volt 
Per cent thallium from 4% 0.96% (From 


in sample to 28% correct 
values) 


0.6 hour 


value(s) results deviation 


Time taken for ex- 2 hours 


perimental work* 


* Including weighing of unknown and dilution to volume. 


GENERAL 


The half cells described in this paper can also be 
useful for a variety of amperometric titrations and for 
routine quantitative polarography where diffusion 
currents need to be measured at only a few poten ials 
(6). Since the list in Table 1 is more complete ‘!1an 
previous compilations of half cells, a wider variety of 
choices is now available to the analytical chemist set- 
ting up routine methods of analysis. The range of 
potentials can be conveniently extended to cover the 
interval from +1.4 volts to —2.0 volts versus 8.(.E. 
by also including a low resistance Weston cell in the 
polarographic or amperometric titration circuit. 
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whose results are summarized in Table 2, and those who 
tested the preliminary versions of the instrument 
described. 
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Ir nas been found that students frequently have 
trouble in visualizing and understanding the workings of 
Le Chatelier’s principle. In an attempt to help stu- 
dents visualize this principle, the apparatus as de- 
scribed below has been assembled. 

The apparatus consists essentially of a very broad, 
but low, H constructed of glass tubing (approximately 
l-inch inside diameter) with the horizontal piece (B) 
approximately 30 inches long fitted with the outer 
member of a $29/42 joint at each end: The upright 
pieces (R, P) are about 18 inches long each fitted with a 
T connection, near the bottom, equipped with the inner 
member of the standard taper joint so they can be 
connected to the horizontal piece, and closed with 
4-mm.-bore glass stopcocks at the bottom ends. The 
upright pieces are open at the top. 

A small spool made of light gauge aluminum or stain- 
less steel, with a “flag” hanging loosely from its axle to 
make it more readily visible, is inserted in the horizontal 
tube. This spool should be sized so that it will slide 
freely in the glass tube (B) and yet will very nearly fill 
the opening of this tube. 

In operation, one starts with the horizontal tube 
(B) filled with water, the spool (D) being approximately 
midway between the tubes R and P, and with the tubes 
R and P about two-thirds full. This represents the 
system in equilibrium and an equation representing a 
chemical equilibrium is written on the blackboard. 
The concentration of the materials on the left (the re- 
actants) is represented by the length of the column of 
water in R and that of the products by the water in P, 


(the system is at equilibrium and no movement of water - 


isobserved). A quantity of water sufficient to increase 
the length of the column in R by a certain amount (for 
example, four inches) is put into a container the same 
diameter as the tube R, and then added to R explaining 
that this represents an increase in the concentration of 
one oi the reactants (a stress or strain placed on the 
system). As this water is added, it is noted and ex- 
Plained that: the spool moves toward P showing that 
the change takes place which tends to use reactants; 
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APPARATUS FOR ILLUSTRATING LE CHATELIER‘S PRINCIPLE 


W. C. TUCKER, Jr. 
University of Florida, Gainesville 


Apparatus for Illustrating Le Chatelier's Principle 


(Inset shows an enlarged view of spool “D"’) 


the water level in R did not rise the expected four inches; 
and the water level in P was increased. All of these 
facts indicate that the change (reaction) takes place 
which tends to minimize the stress or strain, resulting in 
a decrease in the concentration of any other reactants 
and an increase in the concentration of the products. 
These changes are explained in terms of the equation on 
the blackboard. These same analogies can be made 
adding water to P or withdrawing water from either R 
or P. 

With the concentration of the reactants being repre- 
sented by the height of the liquid in tube FR and that of 
the products by the height in tube P; and since, with 
the apparatus filled with a single liquid the two heights 
will always be the same, students may get the impres- 
sion that all chemical equilibria result in the concentra- 
tions of the products being equal to the concentrations 
of the reactants. To help avoid this misconception, 
ether, or any other liquid immiscible with water and of 
lower density than water, may be added to either tube 
R or tube P. The same manipulations as previously 
described may now be carried out without resulting in 
equal heights of liquid in the two vertical tubes. 

Liquids heavier than water cannot be used in this way 
as they would get into the horizontal tube and affect 
both sides in the same manner. 
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MOLECULAR WEIGHT DETERMINATION BY 
BOILING-POINT ELEVATION 


Inreresrep and qualified students must be challenged 
early in their college careers to do more than read text- 
books, memorize lecture notes, and repeat in the labora- 
tory what many others have done before them and in 
the same way. Therefore it has been our policy to 
assign to such students, usually majors in chemistry 
or chemical engineering, a research project on which 
they spend approximately one-half of their laboratory 
time during the second semester of the first year in 
general chemistry. Up to this time our emphasis in 
this program has been on a critical examination and 
improvement of laboratory experiments, primarily 
those of a quantitative nature. Each project has re- 
quired of the student a careful examination of the litera- 
ture, the keeping of an accurate record of all experi- 
mental data, and the writing of a complete, well- 
organized report on the entire project, altogether con- 
stituting an invaluable experience. The results of one 
successful project were reported previously.? , This 
paper presents the work done on another project which 
culminated in a reliable laboratory experiment. 

Only a very few laboratory manuals include an ex- 
periment on the determination of molecular weight by 
boiling-point elevation, and the periodical literature 
contains little more which can be used in the general 
chemistry laboratory program. Rose and Billinger? 
described a simple apparatus and method which they 
used successfully with a molal solution of naphthalene 
in carbon tetrachloride. They reported no results ob- 
tained with other solutes or with other solution con- 
centrations. It has been our experience that their 
recommendation for a bath temperature 10 degrees 
above that of the solvent or solution tends to give 
erratic results, apparently because of too vigorous boil- 
ing and loss of solvent. Hoyt‘ has described a fairly 
simple Cottrell pump for the measurement of boiling 
points, which was reported to give good molecular 
weight results with naphthalene, camphor, p-dichloro- 
benzene, p-dibromobenzene, and benzoic acid, using 3 
g. of each in 15 ml. carbon tetrachloride. 


1 This paper reports the work done by Marilyn Visser and 
Irene Oppenhuizen as part of their freshman year’s work at 
Calvin College. 

? Wo.truuis, E., D. DeVries, anp M. Poutsma, J. CHEM. 
Epvc., 34, 133-34 (1957). 

Ross, A., AND R. D. J. Epuc., 7, 2715-18 
(1930). 

Hoyt, C.S., J. Comm. Epuc., 24, 563-64 (1947). 
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A Freshman Research Project’~ 


ENNO WOLTHUIS, MARILYN VISSER, and 
IRENE OPPENHUIZEN 


Calvin College, Grand Rapids; Michigan 


Z 


We set out to study the factors which affect the 
accuracy of the molecular weight results. In order to 
keep the apparatus as simple as possible for general 
laboratory work, we chose to use the general method 
of Rose and Billinger as a starting point in our investi- 
gations. After studying a number of variables. de- 
scribed below, the following procedure was evolved and 
proved to be reliable by actual class test. 


PROCEDURE 


Fit an 8-in. test tube with a two-hole rubber stopper, on« hole 
for a thermometer, which can be read to two-tenths of a «gree 
C., extending to 1/2 in. above the bottom center of the test ‘ibe, 
and the other hole for a 1-ft. length of glass tubing to serv: 2s 4 
condenser, with its lower end just protruding through the b: ‘om 
of the stopper. Set a 600-ml. beaker on a wire gauze ani 'ing 
attached to a stand at a height convenient for heating \) h ® 
burner. Also attach the test tube assembly to the ring sts! 80 
that the bottom of the test tube is in the center and about | In. 
from the bottom of the beaker. Suspend a one-degrec ''\¢I- 
mometer in the water bath such that its lower end is 2 in. « ove 
the bottom of the beaker and touching the test tube. The « ire 
assembly should appear as in the figure. 

Remove the stopper and carefully pour into the test tu'c 20 
ml. carbon tetrachloride (density = 1.59 g./ec.) measure! as 
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accurately as possible with a 25-ml. graduated cylinder. Add a 
boiling stone (porous clay plate), and replace the stopper, taking 
care ‘hat the bulb of the thermometer is in the center of the test 
tube (We have found a boiling stone more effective than either 
glass veads or capillary tubes.) Nearly fill the beaker with water 
and heat it with stirring to 81°C. Continue to stir the water 
while adjusting the burner to maintain a bath temperature of 
gi°-s2°C. Addition of a little cold water is an effective way to 
keep the temperature from rising above 82°C. , 

The carbon tetrachloride should now be boiling gently and its 
temperature should be fairly constant. Record this temperature 
each minute for the next five minutes while keeping the bath tem- 
pera re 4° tod ° above that of the solvent. Be sure to stir the water 
continuously during this time. The five readings should not 
vary more than 0.2°, and the average of these is recorded as 
the boiling point of the solvent. 

Stop heating, and raise the test tube out of the water bath. 
While the apparatus is cooling, obtain from the instructor an 
envelope containing an unknown solid whose molecular weight 
must be determined, and weigh the envelope and contents on an 
analytical balance to the nearest centigram. Tear open one end 
of the envelope, and very carefully pour its contents through a 
powder funnel into the test tube containing the solvent. At once 
replace the stopper and shake the tube gently to dissolve the 
solid solute. Clamp the test tube so that it is suspended in the 
bath exactly as before. Weigh the empty envelope to obtain the 
weight of the unknown solute. Momentarily lift up the stopper 
toadd another boiling stone and replace it firmly at once. 

Heat the water bath again, this time to about 85°-88°C. 
Watch both thermometers and adjust the bath temperature to 
4°-5° above that of the solution, stirring the bath all the while. 
When the adjustment has been made, the solution should be 
boiling gently. Then record the temperature of the solution each 
minute for the next five minutes. These readings, too, should not 
vary more than 0.2°, and their average is recorded as the boiling 
point of the solution. 

Calculate the molecular weight cf the unknown solid. 

If the percentage composition is given, also calculate its molecu- 
lar formula. 


VARIABLES STUDIED 


A variety of possible solvents were considered, but 
carbon tetrachloride was soon chosen as the most 
generally useful because of its excellent solvent proper- 
ties, its relatively high ebullioscopic constant (5.0 
degrees for a 1.0 molal solution), and its noninflam- 
mability. 

Distillation of the carbon tetrachloride was carried 
out to make sure it was sufficiently pure. Ninety per 
cent of it was found to have a boiling range of no more 
than 0.5°C. 

Bath Temperature. It is common knowledge that the 
observed boiling point of a liquid is affected appreciably 
by variations in the temperature of the bath. Since 
this factor is very important in this experiment and one 
which must be carefully defined for the student experi- 
menter, a number of experiments were run to determine 
the proper temperature differential between bath and 
solution. 

First it was found that the boiling point of carbon 
tetrachloride alone varied from 76.6° to 78° as the bath 
temperature increased from 78° to 84.5°. It was also 
obser\ ed that the condensing vapors rose to the top of 
the test tube with a bath temperature 4°-5° above that 
of the boiling solvent. It was obvious, therefore, that 
no more than a 5° differential is necessary or desirable. 
In order to define this value still more accurately, a 
1.07 inolal solution of p-dibromobenzene (molecular 
weigh 236) was used, and boiling-point readings were 
taken each minute while the bath temperature was 
gradu:lly raised during a 15-minute period. Taking the 
boiling point of pure CCl, as 77.1°, the average of 
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several readings with the bath temperature 4°-5° 
above that of the solvent, data were obtained to show 
that when the bath temperature was 85.5°C. (3.2° 
above that of the boiling solution) the boiling-point 
elevation was 5.2° to give a calculated solute molecular 
weight of 243. As the bath temperature rose to 88.1°C. 
(5.5° above that of the boiling solution) the boiling- 
point elevation was 5.5°, to give a calculated solute 
molecular weight of 230. Similar data also were ob- 
tained using solutions of naphthalene, p-dichloro- 
benzene, and biphenyl. 

These data lead to the following conclusions: 

(1) The observed, or calculated, molecular weight 
decreases with an increase in the difference between 
bath and solution temperatures. 

(2) The most accurate results are obtained when the 
bath temperature is 4°-5° above that of the solution. 

(3) There is no need to define this temperature dif- 
ferential to less than a degree since the corresponding 
variation in boiling-point elevation is no more than 
0.1°, and the reading of the thermometer can be no 
more accurate than to 0.1°. In this connection it 
should be pointed out, also to the student, that, as a 
chain is no stronger than its weakest link, this molecular 
weight determination is no more accurate than to 
+4-5 units. 

Concentration of Solution. No attempt was made to 
use solutions less than one molal in strength since at 
least a 5-degree elevation is desirable for a reasonable 
degree of accuracy. However, the concentration was 
increased to 2 molal, with the results as shown in the 
table. 


Effect of Solution Concentration on 
Observed Molecular Weight 


Molality p-Dichloro- p-Dibromo- 
of soln. benzene benzene 


is 154 239 157 124 
151 234 131 
151 239 134 


Naphtha- 
Biphenyl lene 


154 247 7: 144 
158 250 7 141 


157 260 171 146 
160 263 7 142 


True mol. wt. 147 236 128 


These data indicate that generally best results are 
obtained with an approximately molal solution, the 
observed molecular weight increasing with molality as 
might be anticipated. 


EXPERIMENTAL RESULTS 


Each member of a class of 14 freshman chemistry 
students was given an envelope containing approxi- 
mately 8 g. of p-dibromobenzene, but its identity was 
witheld. Employing the procedure outlined above, the 
following results were obtained. 


One-half of these students obtained a value within 6 
units of the true molecular weight. 
In order to compare this method for determining the 
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| 
* 
Average molecular weight..... 240 
Average deviation............ 11 


molecular weight with the usual freezing-point depres- 
sion method, another sample of the same unknown was 
subjected to the latter procedure by the same students 
during the same laboratory period. Using benzene as 
solvent, the average molecular weight was 243, and the 
distribution of results was about the same as above, 


indicating that the reliability of both methods is al out 
the same. 

A laboratory experiment requiring the applicatic \ of 
both methods in determining the molecular weig] ¢ of 
an unknown solute sample can be performed conven. 
iently in a 3-4 hour period. 


RADIOACTIVE DECAY CALCULATIONS WITHOUT 


CALCULUS 


T uz increased space and importance allotted to radio- 
chemistry in recent elementary textbooks do not seem 
to have engendered a rethinking of the calculations 
possible in this fascinating topic for high school and 
general chemistry students. If any problems at all 
are given on the amount of radioactive decay or age 
determinations, only those with whole numbers of 
half-lives are used. The student is probably left with 
the impression that exact calculation between half-lives 
is difficult and mysterious. 

The first order differential equation and its integra- 
tion are still beyond these students. However, there is 
a simple method of deriving the exact equation for 
radioactive decay without integration. With this the 
student can then solve problems on decay and age 
determination. The method is, in essence, applicable 
to any first order process. 

The usual derivation is based on the experimental 
rate law, a differential equation. One obtains the 
same result starting from the equally fundamental fact 
that the half-life is a constant for a certain pure, radio- 
active element. This derivation proceeds as follows: 

Start with A» grams of a radioactive element. Let 
Az be the amount left after time x. So, after one, two, 
and three half-lives, there will be left: Ar = '/2Ao, 
X 1/2Ao, or 1/2 X 1/2 X1/2A0. So, in general, after 
any number, n, of half-lives, 


Az = ('/2)"Ao (1) 


This simple equation is the one often used for approxi- 
mate answers by interpolation between half-lives when 
n is not an integer. This equation is not limited to 
integral values of n. To derive the general equation in 
terms of times, substitute n = t,/t,,, because the 
number of half-lives must equal the time elapsed, ¢,, 
divided by the length of one half-life, t:;,, in the same 
units. Now, rearrange equation (1), take the loga- 
rithm of each side, and insert the new term for n: 


Az/Ao = 
log(Az/Ao)+= n log(#/2) (2) 
log(Az/Ao) = (tz/ts/:)log(?/2) (3) 


It can be shown that this is the same result that is obtained 
from the usual differential equation:! 


WILLIAM B. GUENTHER 
University of the South, Sewanee, Tennessee 


2.303 log(Az/Ao) = —ktz (4) 


where k is the radioactive decay constant. After one half-life 
the time, tz = and Ay = So: 


2.303 log(!/2) = —kti/., and k = —(2.303/t:/:)log(*/2) (5) 


When this value of & is put into equation (4), equation (3) is 
obtained. 


Equations (2) and (3) allow the student to do prob- 
lems on the amount of radioactive decay, by getting 
A,, or the per cent decayed, (Az/Ao)100, and on age 
determination by solving for ¢,. For the general 
chemistry course, recent publications suggest many 
problems of interest in geochemistry? and on the age of 
the earth and solar system.*:** 

An example will serve to compare the result of exact 
calculation by equation (3) and the approximate re- 
sult of interpolation with equation (1). 


Problem 

A hospital has 2.00 mg. of Co for radiation treatments. How 
much will be left after 25 months of use? The half-life of Co® is 
5.2 years. (Students should be encouraged to start with equation 
(1) each time rather than memorizing (3).) 
Solution 

A, is sought in the derived equation (3). 

log (Az/2.00) = (—0.301/5.2 yrs.)(25 mo./12 mo./yr.) 
A, = 1.5; mg. 

Approximate 

One milligram decays in the first half-life. So, interpolate be- 
tween zero time and one half-life: 


A’; = (25 mo./5.2 X 12 mo./yr.) 1.00 mg. = 0.40 mg. gone 
Az = 2.00 — 0.40 = 1.6 mg. left 


The error of 7% in the A, value gives some idea o! the 
accuracy expected with the approximate method. 

Estimates of the amount left, A,, from (1) and the 
correct values from (3) usually differ by less than !()%. 

1 F., anp R. A. ABerty, “Physical Chemisiry,” 
John Wiley & Sons, Inc., New York, 1955, pp. 606-7. ; 

? FRIEDLANDER, G., AND J. W. Kennepy, “Nuclear and Ki:dio- 
chemistry,’ John Wiley & Sons, Inc., New York, 1955, pp. 389 
93 


3 Brown, H., Sci. American, 196, 80-94 (#957). 
4 LINNENBAUM, V. J., J. Coem. Epuc., 32; 58-68 (1955). 
5 Knorr, Apoupn, Sci. Monthly, 85, 225-36 (1957). 
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For example, at 2 = 0.5, one would estimate A, = 
0.75 Ao, while equation (3) gives 0.707 Ao. Similarly, 
at n = 1.5, the error is also found to be about 6%. 
Clearly there is no error when n is an integer. Also 
rigorously correct would be the result of extracting the 
proper root of '/. as an alternative to logarithms. For 
example, ifn = 1.5, A,/Apo = (1/9)15 = 0.354, as com- 
pared to the approximate value, 0.375, half the linear 
distance between one and two half-lives. 

There follows an example with time as the unknown 
term, in which the error of the approximate method is 


much larger. 


Problem 
What is the age of a uranium ore containing 1.66 g. of Pb? and 
10.0 g. of U2? (Half-life, 4.51 X 10° years.) 


(Explain why the hold-up of the elements in secular equilibrium 
with the U?* has no effect on the problem because the longest 
lived member of the U?* — Pb series is U?** of half-life 10° years, 
only about 1/10,000 of the U?* half-life. ) 


Solution 

1.66 g. Pb came originally from 

1.66 (238/206) = 1.92 g. U2* 
so that Ao was 10.0 + 1.92 = 11.9. g. U?*. Then, in equation (3) 
solved for 
tr = log(10.0/11.92) XK 4.51 X 10°/log '/2 
tz = 1.14 X 10° years 

Approximate 

In one half-life 5.96 g. of the 11.92 g. of U** would decay; so: 

(1.92/5.96) K 4.51 K 10° = 1.45 X 10° years 


Thus, an error of about 30% occurs in t by the crude 
linear method. ; 

Other examples of recent interest can easily be pro- 
pounded. 

The use of C™ (half-life 5570 years) for archeological 
dating.” 

The use of H® (12.46 years) for the time of isolation 
of water samples.’ 

The decay time of Sr® (19.9 years) in plants, milk, 
etc., from bomb fall-out. 


TYPES OF GRAPHIC REPRESENTATION OF THE PERIODIC 
SYSTEM OF CHEMICAL ELEMENTS 


Edward G. G. Mazurs, published by author, P.O. Box No. 183, 
LaGrange, Illinois, 1957. 158 pp. 17 X 24.5cm. $2.50. 


In one sense this paper-bound book could be called a source- 
book on the periodic table, or an annotated bibliography. It 
certainly is the most complete survey of the range of human imag- 
ination in representing graphically the Mendeleev periodic law. 
In organization, this book presents first a historical introduction, 
followed by a classification of types of tables. The main sub- 
divisions are: short tables (with 8 columns); medium tables 
(with 16 or 18 columns); and long tables. Among these three 
divisions are distributed the astonishing varieties of chessboard- 
like tables; helix, spiral, and lemniscate types; zig-zag, mirror- 
image, and single revolution (one row) tables; tables with inter- 
tuptions, tables that are symmetrical about a vertical line, and 
tables that are unsymmetrical; and tables of concentric circles 
and of parallel lines. I was amazed to learn that the very useful 
valence chart in Deming’s books, and reproduced in the well- 
known “Merck” chart, was first used by Mendeleev in his 1889 
Faraday lecture, and that the so-called Thomsen-Bohr table 
was first proposed by Thomas B. Bayley in 1882. 

Mazurs has selected from the infinite variations the one that he 
considers to be “the best representation of the periodic system.” 
It is the one proposed by Roy Gardner of New Zealand and by A. 
Mazzucchelli of Italy independently in 1930, designated as a 
“right-side electronic configuration series table ‘stretched’ in 
vertical direction.” A copy printed in seven colors on heavy 
paper is provided as a separate inclosure with the book. It 
subdivides the elements into representative, transitional, and 
rare-earth types; it shows the s, d, d, and f substructures; it 
calls the representative elements “A”? types and the transition 
elements, ““B’’ types; finally, it calls the iron, cobalt, nickel 


quence of elements a “transition c” group. All the rare-earth 
elements are classed as “C’”’ type elements. The copper-zinc 
groups are in different color and fall into Groups IB and IIB, but 
are considered to be transition elements. The position of the 
various groups follows somewhat the energy level scheme of 
Pauling, except that hydrogen and helium are at the top instead 
of at the bottom. Many will agree with Mazurs that this is 
indeed « very useful table. One of the few oversights noted is 
the important contribution of the late M. A. Catalan (1950) of the 
University of Madrid. His table is so close to the preferred table 
of the author that its omission is a conspicuous lacuna in this com- 
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groups “transition b’’ and the samarium through erbium se- © 


prehensive compilation. Besides Spanish sources, it is available 
in the NBS circular no. 467, “Atomic Energy Levels,’’ Volume II, 
published in 1952. 

There is no way to check the completeness of the compilation 
except by citing such oversights as that mentioned in the pre- 
vious paragraph. Probably others will come to light, and the 
author has notified readers that he will welcome having such 
oversights called to his attention. His sources have been cita- 
tions in Chemical Abstracts and in Chemisches Zentralblatt. One 
of the obscure references he has missed, probably because the 
title does not refer to the periodic table, is the “Chemischer 
Handatlas” by W. Walter Meissner, published by Verlag Georg 
Westermann in 1931, in which many properties of elements and 
compounds are presented in graphical form, based on the “‘me- 
dium length”’ periodic table. 

The way the printer has introduced wide spaces just before 
the last word or two of each line, to make an even right margin, 
is distracting. A more serious defect, to my mind, is the way 
Mazurs has taken historical tables and brought them up-to-date. 
Instead of reproducing the multitude of tables just as they were 
originally printed, he has seen fit to add all the elements dis- 
covered up through No. 101. The 1870 table of Mendeleev 
(Figure 24), for example, is complete with inert gases and a full 
complement of 92 elements. The author has attempted to 
exemplify the principle behind each table and to show how the 
present list of elements would be represented by it. In spite of 
my enthusiasm for this book, I should have preferred that the 
historical, crude attempt of the pioneer be preserved intact and 
not modernized. There are a few printing errors that one will 
have to watch for, e.g., Figure 62, which gives a Mendeleev table, 
has the date 1869 instead of 1889. 

The publication of this book will be of particular aid to the 
editor of TH1s JourNat. He can now and forevermore quickly 
check each weekly batch of “new” modifications of the periodic 
table that reach his desk and by form letter remind the prospec- 
tive authors, “It should be strongly recommended that anyone 
who wants to derive a new form of the table should first take the 
trouble to examine the earlier literature about this subject; 
in this way many unnecessary repetitions of ideas already given 
at an earlier period can be avoided.”” (Georg Rudorf, 1904, 
quoted as the “motto” of the present survey.) This book by 
Mazurs is truly an important contribution to the teaching of 
chemistry and should be available in every scientific library. 

LAURENCE FOSTER 
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RESEARCH PROJECT FOR GENERAL CHEMISTRY 
LABORATORY’ 


Jor, has said, “Chemistry is what 
chemists do and how they do it.” By this definition, 
many standard experiments in general chemistry often 
fail to teach realistic chemistry. In order to modify 
the routine experiment in which students know the 
answers before ever entering the laboratory, Carleton 
freshmen were presented with the following simulated 
research project connected with acids, bases, and pH 
measurements. 


Do you have a sour stomach from eating too much dorm food? 
Is the fun you would normally have in your afternoon labs ruined 
by acid indigestion? There are many products on the market 
today which claim to be able to relieve such stomach distress: 
“Tums for the tummy,” ‘‘Alka-Seltzer for that feel better feel- 
ing,’’ etc. The makers of Tums claim their product ‘neutralizes 
only excess stomach acids.”’ Phillips Milk of Magnesia tablets 
are claimed to “have a neutralizing power three times that of a 
saturated solution of bicarbonate of soda.’’ Alka-Seltzer says 
that its “effervescent buffers ease stomach distress.” Both 
Bayer Aspirin and Bufferin claim that they ‘will not upset the 
stomach,” and, in addition, the makers of Bufferin say that it 
contains two antacid ingredients. Using the standard pH series 
which you will prepare, it is possible to investigate these claims. 

The pH of the normal stomach content may range from 2.9 
to 4.5.5 When the pH is much less than this, acid indigestion 
occurs. 


Directions for setting up the standard pH series‘ 
using a universal indicator’ were given. Then, since 
a typical stomach usually contains approximately 50 
ml. gastric juices,’ the manufacturers’ maximum rec- 
ommended dosages of each hyperacidity remedy were 
dissolved in separate 50-ml. aliquots of 0.1 M hydro- 
chlorie acid (pH = 1), assuming here a “good case of 
acid indigestion.”” Two pain relieving remedies which 
claim not to upset the stomach were dissolved in 50-ml. 
aliquots of 0.001 M HCl in order to simulate the con- 
ditions in the normal stomach. The solutions were 
filtered to remove any undissolved material. The in- 


' From a paper presented before 8th Annual Undergraduate 
Chemistry Symposium, sponsored by the Chicago Section, A.C.S., 
DePaul University, May 18, 1957. 

2 HILDEBRAND, JOEL H., “Science in the Making,’ Columbia 
University Press, New York, 1957, p. 7. 

3’ Burcer, ALFrep, “Medicinal Chemistry,’ Interscience 
Publishers Inc., New York, 1951, Vol. I, p. 268. 

‘Mau, L. E., anp H. W. Frantz, “College Chemistry in the 
Laboratory,’”’ No. 2, W. H. Freeman and Co., San Francisco, 
1954, p. 190. 

5 RicHarpson, F. R., J. Cuem. Epuc., 33, 517 (1956). 

Howe W. H., ‘‘Howell’s Textbook of Physiology,” J. F. 
Fulton, Editor, 15th ed., W. B. Saunders Company, Philadelphia, 
1946, p. 1050. 


+ 
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JEAN SCHWOLOW 
Carleton College, Northfield, Minnesota 


* Remedy dissolved in solution of pH = 3; all others dissolved in solu- 
tion pH = 1. 


dicator was added and the pH determined by color 
comparison. The buffering capacity of Alka-Seltzer 
and Bufferin was also tested. The table shows the 
results obtained, the width on the pH scale representing 
the variation of student results. 

At the conclusion of the experiment the students 
were asked to compare these data with each manu- 
facturer’s claims for his product. They were also 
asked to discuss the factors limiting the validity of 
the conclusions based on these experimental results. 
Finally they were asked which remedy they would pre- 
scribe for their roommates’ acid indigestion, and why 
they prescribed that remedy. Many students drew 
on their knowledge of biology in discussing the limi- 
tations of in vitro experiments, suggestions for refine- 
ment of technique were given, and most of the answers 
were well thought out and logically constructed. 

The response to this experiment, which was quite 
different from the apathy often prevalent in the fresh- 
man laboratory, showed clearly that students are in- 
terested in doing something different. They were 
curious and interested in applying their knowledge of 
chemistry to a small research problem. 

A number of projects of this simulated research type 
have been conducted in general chemistry and evalu:ited 
by the students. Their evaluations show clearly ‘hat 
their interest in such projects is high and they feel 
they are learning chemistry by doing work which to 
them challenging and “practical.” 
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of CHEMICAL EDUCATION 


THE STATUS OF SPECIAL GRADUATE COURSES FOR THE HIGH SCHOOL 
CHEMISTRY TEACHER' 


Tue purpose of this investigation was to determine which insti- 
tutions offered specially designed courses for the high school 
science teacher. This Committee felt that such information 
would be helpful to the high school teacher and might also stimu- 
late colleges and universities to contemplate and develop more 
satisfactory courses for these people.? 

The 1956-57 Education Directory of the United States Depart- 
ment of Health Education and Welfare lists 426 colleges and 
universities which offer a Master’s or a second professional degree. 
However, only 323 of these schools have a Dean of the Graduate 
School or a special Graduate Division. The Committee sent their 
inquiry to these schools and obtained 201 answers along with 
numerous comments. Information concerning an additional 59 
schools was obtained from a variety of published material. 

Twenty-five of the 260 schools surveyed in this fashion did not 
offer a Master of Arts, a Master of Science, or a Master of Edu- 
cation degree. Of the 235 schools (all of which offer some type 
of Master’s degree program for in-service science and mathe- 
matics secondary teachers), there are 28 schools offering a pro- 
gram that is sufficiently different to be classified as “‘special 
degree programs for in-service science and mathematics teachers 
in the secondary schools.’’ These are: 

American University (D. C.): no special title; Arkansas: 
MS. in Natural Science; Antioch (Ohio): M.S. in Teaching; 
Brown (R. I.): M.A. in Teaching; Buffalo (N. Y.): M.S. in 
Natural Science; Catholic University (D. C.): M.S. in Teach- 
ing; Denver: M.A. in General Science; Drake (Iowa): no 
special title; Duke (N. C.): M.A. in Teaching; Emory (Ga.): 
M.A. in Teaching; Illinois Wesleyan U.: M.S. in Science Teach- 
ing; Indiana: M.A.in Teaching; University of Iowa: M.S. in 
General Science; Miami(Fla.): M.A.in Teaching; E. Michigan 
College: M.A. in Teaching General Science; Michigan State: 
M.A. in Teaching; Mississippi: M.S. in Combined Science; 
New Mexico Highlands: M.S. in Science Education; Notre 
Dame: M.S. in Teacher Training Program; Oklahoma: Master 
of Natural Science; Oklahoma State: M.S. in Natural Science; 
Puerto Rico: M.S. in Science Education; Rensselaer Polytechnic 
Institute: M.S. in Natural Science; St. Louis: M.S. in Teach- 
ing of Chemistry; University of Texas: no special title; Wash- 
ington State College: M.A. in Teaching; Wesleyan University 


‘This is an abridged form of the report by the Division’s Com- 
mittee on the Teaching of Chemistry, Subcommittee on the 
— of High School Chemistry Teachers. The mem- 

Ts are: 


W. B. Cook, Chairman, Montana State College, Bozeman, 
Montana 

L. B. Clapp, Brown University, Providence, Rhode Island 

L. H. Colburn, Neville High School, Monroe, Louisiana 

Dorothy W. Gifford, Lincoln School, Providence, Rhode Island 

“ G. Kessel, Indiana State Teachers College, Terre Haute, 
ndiana 

T.C. VanOsdall, Ashland College, Ashland, Ohio 


These findings were presented in papers read by W. B. Cook 
and W. G. Kessel at the 124th Meeting of the American Associ- 
tion -" the Advancement of Science, Indianapolis, Indiana, 

er, 1957. 


_*The Committee welcomes additions to and revisions of the 
t of schools offering special programs. Information and in- 
quires should be addressed to the chairman, W. B. Cook. 
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(Conn.): M.A. in Liberal Studies; Wisconsin: M.S. in Science 
Education. 

Thirty-five other colleges and universities are utilizing their 
existing degree programs which include a number of “tailored’”’ 
courses designed to meet the secondary chemistry teacher’s 
needs. These are: Alabama College, Boston College, Bridge- 
port (Conn.), Brooklyn College, Bucknell, Canisius College 
(N. Y.), Chicago, Clark (Mass.), University of Colorado, Colo- 
rado State College, Connecticut, Cornell, Delaware, W. Illinois 
State, U. Kansas, Kansas State Teachers, Loyola of Los Angeles, 
Maryland, Marshall College (W. Va.), W. Michigan University, 
Minnesota, N. E. Missouri State Teacher’s, Montana State Col- 
lege, North Carolina, Oregon State, College of the Pacific, College 
of St. Rose (N. Y.), Stanford, Syracuse, E. Tennessee State, N. 
Texas State Tech. College, Vanderbilt, Vermont, Central Wash- 
ington College of Education, Wyoming. 

The above lists are the result of somewhat arbitrary evaluation 
on the part of the Committee as to what, constitutes a special 
program for in-service secondary school science teachers. 

In addition to these 63 schools, 15 colleges and universities are 
actively working on such programs. Eighteen additional schools 
indicated they are “thinking and planning.’’ Ejighty-three re- 
plies stated that they were interested in such a program but had 
no plans for implementing one at their school. Only 55 replies 
evidenced no real interest in changing from conventional existing 
programs. Very few were overtly antagonistic to the “special 
programs.”’ 

In summary this survey indicates that: 

(1) Many colleges and universities are aware of the difficult 
problem of developing a more satisfactory training program for 
the high school chemistry teacher at the graduate level. The 
techniques in common use now are: 

(a) A National Science Foundation-sponsored summer and/ 
or year program tailored especially for the teachers in specific 
areas of science. 

(b) The development of their own institutes or workshops 
to meet their own students’ needs. 

(c) The creation of special courses, as part of their regular 
program, that recognize the particular inadequacies and unique 
problems of the high school science teacher. 

(2) A continuing conflict, although less bitter than in the past, 
still exists between chemistry and education. Considerable evi- 
dence of satisfactory compromise by those involved is apparent 
in some of the present programs. Of those reporting, the ma- 
jority have their degree based upon one-half of the courses in 
subject matter and one-half in education. The range, Lowever, 
is from no subject matter to all subject matter and from no edu- 
cation to all education. Sixty-six and two-thirds per cent sub- 
ject matter and 33'/; per cent education is the other most com- 
mon ratio. 

(3) Some institutions are quite concerned with the small en- 
rollment in graduate courses that were created for high school 
science teachers. They attribute this to (1) the financial ad- 
vantages of working in industry; (2) the trend to administrative 
work; and (3) lack of interest and enthusiasm for science. 

(4) There is a wide divergence of opinion on the question of 
giving graduate credit for the beginning courses. Nevertheless, 
many schools are giving credit for upper division work (junior and 
senior courses) and some even for freshman courses in the field of 
chemistry if the student has had no undergraduate work in the 
field. 

Epwin M. LARSEN 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


WILLETT L. HARDIN’ 


Iris appropriate, on occasion, for the Pacific Southwest 
Association of Chemistry Teachers to take special 
note of those members of its community who have 
contributed in outstanding ways to the science of 
chemistry as well as to the development of the Pacific 
Southwest. The careers of Willett L. Hardin are 
worthy of such notice. 

As he turns into his ninetieth year, Dr. Hardin, 
still youthful, is the patriarch of Southern California 
chemists. He is hale and hearty and his mind is 
brilliantly active. His interest in chemistry has not 
waned and he has also reached full maturity as an 
editor and interpreter of trends in world affairs. His 
career as a chemist shows clearly as the foundation for 
his second career in the study.of human relationships. 

Willett Hardin received his B.S. from Buchtel 
College, now the University of Akron, in 1893, and his 
Ph.D. in chemistry from the University of Pennsylvania 
in 1896. In 1951 he was awarded an honorary Doctor 
of Science degree from the University of Akron. He 
taught chemistry and physics at the University of 
Akron for two years, then was called to the University 
of Pennsylvania where he organized and headed the 
Department of Physical Chemistry for six years, 
during one of which he was also in charge of the Depart- 
ment of Technical and Industrial Chemistry. 

At the turn of the century Hardin turned to in- 
dustrial chemistry. After serving four years with the 
Symes Valley Coal Company of Ohio, he joined the 
Doheny oil interests, devoting his efforts primarily to 
their activities in Mexico. He was iater transferred 
to Los Angeles where he continued his activities with 
this company as technical consultant. Los Angeles 
has been his residence ever since. His scientific 
knowledge, his ability to pick the important from the 
trivial, and his sincerity and ability. to work with 
people in every walk of life made him a consultant of 
admirable repute. 

Dr. Hardin was a pioneer contributor to the chemical 
literature. On the basis of his studies at Pennsylvania, 
he published a comprehensive article on atomic masses 
of silver, mercury, and cadmium, numerous references 
to the data of which are made in the 1897 publication 
of the Smithsonian Institute. He also wrote the 
treatise, ‘The Rise and Development of the Lique- 
faction of Gases,” a book which played an important 
part in stimulating the development of the gas-lique- 


1 This article was read before the Southern Section of the Pacific 
Southwest Association of Chemistry Teachers. 
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Western Precipitation Corporation, Los Angeles 


NORMAN KHARASCH 
University of Southern California, Los Angeles 


faction industry in this country. His contributions 
have appeared in the Journal of the American Chemical 
Society, Science, and Radium. Dr. Hardin also trans- 
lated Traube’s ‘“‘Physico-Chemical Methods,” which 
was used widely as a textbook in this country. Other 
writings and activities show his later interest in horti- 
cultural developments in the Southwest. His scientific 
work and broad interest in science was widely ree- 
ognized, both in this country and abroad. He was 
well acquainted with the leaders of the scientific world, 
even in those earlier days, and his name appears 
together with other leading American scientists s one 
of those which were starred in the first edition of 
“American Men of Science.” 

In retiring, formally, from his active scientific work, 
Dr. Hardin turned his interests to writing on science, 
philosophy, and world affairs. During the past twenty- 
five years of his second active career (ca, 1931-56) he 
edited and established The World Affairs Interpreter, 
which was published and received its main support 
from the University of Southern California. (Under 
Dr. Hardin’s guidance this journal gained national 
and international preeminence and was an important 
link in the building of a strong school of international 
relations at the University. Recently, Dr. Hardin 
passed the reins of active editorship to historian Richard 
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W. van Alstyne, and with the change of editorship the 
name of the journal was altered to The World Affairs 
Quarterly. As editor emeritus, Dr. Hardin still main- 
tains a lively interest in the ever-expanding work of 
the journal. 

In his years as editor, Hardin wrote a succession of 
remarkable editorials which constantly display his 
dual interests as scientist and sociologist. On the 
occasion of his retirement from active editorship, the 
University published a selection of these in book 
form:? “A Scientist Looks at World Affairs,” as a 
tribute to his years of service. Something of Dr. 
Hardin’s spirit and philosophy can be gained even from 
afew isolated quotations from his book: 


It is the very essence of education in a democracy that it 
should enable the citizens to reason for themselves about moral 
responsibility and judge the rightness of social, economic and 
political practices, not by their conformity with the past, but by 


*Harpin, W. L., “A Scientist Looks at World Affairs,” Uni- 
versity of Southern California’ Press,¥Los Angeles, California, 
1956; xvii + 281 pp. 


their influence on the general welfare and human relationships. 
Ideologies should be judged solely on their merit, regardless of 
whence they came or by whom they were first advanced.. . . 


The first essential for a successful democracy is that it shall be 
a living, growing institution. Rigid fixity in a free government 
is not only undesirable but impossible. Like everything else in 
evolution, government is an unfolding—a perpetual struggle for 
right adjustment. The law of change can never be annulled by 
conservatism. 


The very spirit of science is itself a great educator. It keeps 
the human mind open to new truths, ready to remold opinion in 
accordance with increased knowledge and develops a full realiza- 
tion that the human mind has the capacity for endless growth 
and that the sources of knowledge can never be exhausted. 


The progress of any people and of any generation is determined 
by their ability and willingness to explore and utilize frontiers in 
the material, intellectual, and spiritual aspects of nature. 

In the complex—for the hour—bewildered society 
of the space age it is helpful to study Willett Hardin’s 
careers and ideals. The examples he has set can help 


us to gain the courage, initiative, and wisdom for the 
tasks ahead. 


OFFICIAL BUSINESS 


295th MEETING 


The 295th meeting of the New England Association 
of Chemistry Teachers was held jointly with the 
Connecticut Valley Section of the American Chemical 
Society at the University of Connecticut at Storrs on 
Saturday, April 12, 1958. 

Elizabeth W. Sawyer, Chairman of the Western 
Division, presided over the morning session. Lawrence 
H. Amundsen, Chairman of the A.C.S. Section (also a 
NEACT member), was in charge of the afternoon 
assembly. 

Cordial greetings were extended by Charles E. 
Waring, Chairman of the University’s chemistry de- 
partment. 

The first speaker was Roy J. Gritter, Instructor in 
Chemistry at the University of Connecticut. His 


paper, “Free Radical Chemistry in Solution” will ap- 


pear in the September Report. 

The second speaker was John J. Falvey, College Re- 
lations Representative of the American Cyanamid Com- 
pany. His talk was on “American Cyanamid’s Career 
Program for Science Majors.” This program has four 
Phases: (1) The Summer Career Program which offers 
two t ypes of jobs—a seasonal job to replace personnel on 
vacation and training jobs created especially for science 
majors. The latter has taken 60 students each year for 
the past four years. Seventy per cent of the students go 
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into research, the remainder into production, marketing, 
etc. Problems for this program are originated by the 
group leaders in the laboratories. The students have 
returned to their respective campuses with great en- 
thusiasm for the program. (2) The Cooperative Educa- 
tion Program consists of work and study periods. Here 
the student, being an employee of the company, works 
on assigned problems. This program started fifty years 
ago in cooperation with the University of Cincinnati. 
(3) The MJI.T. Practice School. This is a graduate 
program leading to a master’s degree in chemical en- 
gineering. The students work in the fields of research, 
process development and improvement, maintenance, 
economic studies, and design. Two faculty members of 
M.I.T. are assigned to the New Jersey plant for the pro- 
gram which involves spending nine weeks at the plant 
and nine weeksin school. (4) The Educational Assist- 
ance Program pays 50% of the tuition costs of full-time 
employees who take approved courses toward their 
master’s degrees. 

Following luncheon in the University dining hall, the 
afternoon speaker was Robert Calvert, chemist, in- 
ventor, and patent lawyer. Speaking in an easy and in- 
formal manner, Dr. Calvert said, in summary: Chem- 
ists in large numbers expect to make inventions and 
they do. Yet most of them receive in college prac- 
tically no education in patent law. Successful chemists 
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ordinarily become patent-minded. They want to know 
how to recognize an invention when they make one and 
how to obtain adequate patent protection for them- 
selves and their employers. They know the value of 
their discoveries will usually be greater if patented. 
The chemists know also that their recognition in the pro- 
fession depends in part upon publications and that 
patents are frequently the only form of publication per- 
mitted to researchers on confidential projects. In pass- 
ing the Patent Act of 1952, Congress reaffirmed its 
faith in the patent system. It added certain favorable 
provisions that should encourage invention and thus 
‘promote progress in science and useful arts” to which, 
under the Constitution, the patent system is dedicated. 
It made income from a patent to the inventor taxable at 
the half rate for long term capital gain. Dr. Calvert 
emphasized, using illustrations, what the chemist him- 
self should do about patents. 


Business Meeting 


The President of NEACT, Robert D. Eddy, Tufts 
University, opened the meeting at 1:50 P.M. 

The Secretary read the names of the new members 
who had been admitted into the Association since the 
meeting of January 25, 1958: 

Edgard Y. Allen, E. R. Squibb and Sons, New Brunswick, New 

Jersey 
John J. Carlin, Assistant Professor of Science and Chemistry, 

Fordham University, New York, N. Y. 

Robert B. Cohen, Chemistry Instructor, Woburn High School, 
Woburn, Massachusetts 
Charles E. Erickson, Assistant Professor of Chemistry, Rutgers 
University, New Brunswick, New Jersey 
Robert P. Holmberg, Chemistry Teacher, Amity Regional High 
School, Woodbridge, Connecticut 
Mrs. Lillie R. Johnson, Instructor in Chemistry and General 
Science, Mexia High School, Mexia, Texas 
Elmer E. Jones, Assistant Professor of Chemistry, Northeastern 
University, Boston, Massachusetts 
Anthony F. Mesulis, Chemistry Teacher, Wethersfield High 
School, Wethersfield, Connecticut 
Richard E. Rossi, Science Teacher, Breed Junior High School, 
Lynn, Massachusetts 
Christos T. Sarris, Head of Science Department, Westwood High 
School, Westwood, Massachusetts 

Wallace W. Sawyer, Head of Science Department, Weston High 
School, Weston, Massachusetts 

Sister Maria Carlita Boulton, Chairman, Chemistry Department, 
College of Saint Elizabeth, Convent, New Jersey 

Sister Mary Catherine Labpure, Teacher of Chemistry, Girls’ 
Catholic High School, Malden, Massachusetts 

Sister Mary Louis Richard, 8.S.A., Science Instructor, Holy 
Name Central High School, Worcester, Massachusetts 

Richard G. Young, Associate Science Editor, Henry Holt & Co., 
Inc., 383 Madison Avenue, New York, N. Y. 


NECROLOGY 


The Necrology Committee reported with regret the 
death of Bensamin R. Graves of South Portland, 
Maine, on March 6, 1958. He had been a loyal friend 
and faithful worker for the Association for 32 years. 


296th MEETING 


The entire program of the May 10, 1958, meeting, 
held at their Acorn Park Laboratories, was contributed 
by the staff of Arthur D. Little, Inc., of Cambridge, 
Massachusetts. The Chairman of the Central Division, 
Everett F. Learnard, introduced Austin L. Fisher of 
Arthur D. Little, Inc., and then turned the meeting over 
tohim. Dr. Fisher served in many capacities; he was a 


formative speaker, a convincing pleader for industria] 
support of education, and finally an enthusiastic plant 
guide. 

Following his introductory remarks, he described 
some of the variety of problems that an industria! re. 
search consultant might be called upon to investigate. 
He described the way that the company would atiack 
some of the problems and demonstrated the advantages 
that accrue to the client who purchases the company’s 
services. To emphasize with detail, he introduced 
Jean Caul of t.; A. D. Little Flavor and Odor Lab- 
oratories. Dr. Caul began with the comment that had 
she known when she was an organic chemistry student 
what the future held in store, she would have made an 
effort to lean forward to learn the smell, rather than to 
step backward and hold at arm’s length. Odor and 
flavor are not subject to analysis by instrument or ma- 
chine; yet as humans we can measure quite sensitively 
with the nose and tongue. The qualities of odor and 
flavor have a particular importance, for they can have 
pleasant and unpleasant connotations. No manv- 
facturer can compete in the marketplace if his product 
brings up unpleasant memories, or suggests unwhole- 
some ingredients. Test panels are an important part of 
her group, and final tests of consumer acceptance have 
to be evaluated before new products can be declared 
marketable. 

The second speaker, Derek Till, was concerned with 
the problems of the client-consultant relationship. One 
has to be careful to define the problem properly and to 
assign the right kind of scientist to its solution. It is 
very easy to waste time and money studying the wrong 
problem, or the right problem in the wrong way. In 
some instances the client finances all the research, in 
other cases, the client and the company share the ex- 
penses on a split royalty basis. With an eye toward 
future needs, the company often sponsors its own re- 
search entirely. 

In the final talk of the morning, Peter Glaser dis- 
cussed the solar furnace built from a surplus military 
searchlight. Heat from the sun is concentrated on a 
specimen properly located at the focal point. This 
results in a useful system, not only because the high 
temperature approaches that of the sun itself, but be- 
cause the heat is clean. There are no contaminating or 
reducing flue gases used to transfer the heat. There are 
no electric fields or foreign gases from a high tempera- 
ture arc. Furthermore, the focus is so sharp that un- 
melted portions of the substance can serve as the con- 
tainer for the melted part so that contamination from a 
containing vessel can be avoided. 

Following a box-lunch, and the business meeti!'2s, 4 
tour of the A. D. Little laboratories was held. In <mall 
groups, the registrants visited such diverse attra: ‘ions 
as the solar furnace and the liquid helium eryost'. the 
test panel rooms and the test kitchens, the pilot }) nts 
and semiworks plant of a fluidized bed process fo: iron 
ore reduction. There were charts on the wall- and 
equipment showing studies of thunderstorm elect: ifica- 
tion. In addition to a fine library of books and jour als, 
there was an odor “library” with shelves and shel: es of 
interesting “titles.” These were bottles of orcanic 
substances or commercial mixtures with import:''( 0° 
distinctive odors. The visitors had a fine chan:e to 
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learn to see what’an industrial research consultant does 
and can do. 


Business Meeting 

l'resident Robert D. Eddy, called the meeting to 
order at 12:40 p.m. The Rev. Joseph A. Martus, S.J., 
Secretary, read the names of the new members admitted 
since the meeting of April 12, 1958: 

Florence P. Liston, Instructor in Chemistry, Wellesley College, 

Wellesley, Massachusetts 
Norman D. Loud, Chemistry Teacher, Wellesley High School, 

Wellesley, Massachusetts 
Margaret A. Murphy, General Science Teacher, Thompson Jr. 

High School, Newport, Rhode Island 
Sister John Mathilda, Chemistry Teacher, St. Mary’s High 

School, Taunton, Massachusetts 
Joseph B. Smith, Head of Science Department, Salem High 

School, Salem, Massachusetts 
Thelma Wallace, Instructor in Chemistry, New York City Com- 

munity College, Brooklyn. 

A report by the Committee on the Resolution, sub- 
mitted by Angela M. Trovato, Chairman, was read by 
the President. This committee was organized more 
than two years ago, after the NEACT, in joint session 
with the Biology Teachers and Physics Teachers, had 
passed a resolution expressing concern over the status 
of science teachers and science teaching. The com- 
mittee was formed to gather facts, and to see if a pro- 
gram could be worked out to help effect an improve- 
ment. Now that the plight of science education has be- 
come a popular subject in the lay press, the committee 
felt that it would be ill-advised for the NEACT to de- 
vote an intensive effort to gathering more facts, facts 
which would become obsolete in the face of a rapidly 
changing situation. The committee asked to be dis- 
charged, and was so favored by a unanimous vote. 

The business meeting was adjourned, and the annual 
meeting called to order. 


ANNUAL MEETING 


Report of Secretary. The minutes of the adjourned 
annual meeting, held at Colby College on August 23, 
1957, were read and approved. The secretary read the 
report of the Membership Committee. 

The Nineteenth Summer Conference was held at 
Colby College, Waterville, Maine, from August 19-24, 
1957. Stanley C. Bunce, Rensselaer Polytechnic 
Institute, and Maurice M. Whitten, State Teachers 
College, Gorham, Maine, were the co-chairmen. 

Five meetings were held during the year, as follows: 
7 High School, Brattleboro, Vermont, October 
293rd : «ea Institute, Boston, Massachusetts, December 

19 
-: Lincoln School, Providence, Rhode Island, January 25, 
295th: University of Connecticut, Storrs, April 12, 1958 
296th: Arthur D. Little, Inc., Acorn Park Laboratories, Cam- 

bridge, Massachusetts, May 10, 1958 


JosepH A. Martus, Secretary 


Report of Treasurer. Carroll B. Gustafson, Treas- 
urer, read an informal report of the state of the treasury. 
The ‘iscal year ends in June, 1958, and at that time the 
annul report will be prepared. At the present time 
there is a favorable balance on hand. 

Report of Treasurer of Endowment Fund. Avery A. 
Ashdown, Treasurer of the Board of Trustees of the 
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Endowment Fund, read his report on the state of that 
fund. The report was forwarded to the auditor. 


Annual Report of the Curator. During 1957-58, the 
activities of the Curator have been those which are 
assigned to his office by the Constitution and By-Laws. 
All assigned duties have been discharged with the ex- 
ception of providing the Chairman of the Southern 
Division with envelopes for mailing notices of his meet- 
ing. Failure to do this resulted from a change in dates 
for this meeting. 

A large number of requests have been received for re- 
prints of A Minimum Syllabus for a College Preparatory 
Course In Chemistry. These requests have been filled. 

It is pleasing to report that, up to May 1, 1958, 2246 
persons had been admitted to membership in the New 
England Association of Chemistry Teachers since its 
founding in 1898. 

Rawpu E. Kerrsteab, Curator 


Report of the Editor of the News-Letter. Howard I. 
Wagner reported on the work of his year in office. He 
expressed regret that the extra duties forced on him 
by an impending change of position had delayed the 
April issue of the News-Letter. 

Honorary Membership. Marco H. Scheer, the im- 
mediate past President of the Association, and the 
Chairman of the Honorary Membership Committee 
read citations proposing the names of Mrs. Frank L. 
Boyden, Mr. Lorne F. Lea, and Miss Deborah M. 
Russell for honorary membership. The members 
present elected them unanimously. Certificates will be 
presented at the Summer Conference. 


Walter G. Stewart, Chairman of the Nominating 
Committee, proposed the following slate of Officers for 
the year 1958-9: 

President: Robert D. Eddy, Tufts University, Medford, Massa- 
chusetts 
Vice-President: Carl P. Swinnerton, Pomfret School, Pomfret, 

Connecticut 
Secretary: Rev. Joseph A. Martus, 8.J., College of the Holy Cross, 

Worcester, Massachusetts 
Treasurer: Carroll B. Gustafson, Massachusetts College of 

Pharmacy, Boston 
Curator: Ralph E. Keirstead, Department of Education, State 

of Connecticut, Hartford 
Auditor: 8. Walter Hoyt, Belmont, Massachusetts 
Member of the Endowment Fund for three years, 1958-61: Elbert 

C. Weaver, Phillips Academy, Andover, Massachusetts 
Central Division Chairman: Richard M. Whitney, Roxbury Latin 

School, West Roxbury, Massachusetts 
Northern Division Chairman: Maurice M. Whitten, State 

Teachers College, Gorham, Maine 
Western Division Chairman: Norman W. Lafayette, Hamden, 

Connecticut 
Southern Division Chairman: Russell Meinhold, Rhode Island 

College of Education, Providence 


Wa ter G. Stewart, Chairman, 
LEALLYN B. CLapp 
Lovutse O. C. SWENSON 


By a unanimous vote of the members present, the 
Secretary was directed to cast one ballot for the slate. 
To fill the place on the Nominating Committee, va- 
cated by the outgoing chairman, the members elected 
Francis M. Lamoureaux, Wilbraham, Massachu- 
setts. 
The meeting was adjourned, sine die at 1:28 P.M. 
LAURENCE S. Foster, Editor 
Report of the NEACT 
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To the Editor: 


Sidney Rosen’s article,! ‘The Rise of High School 
Chemistry in America (to 1920)” is obviously the prod- 
uct of intensive research. I was engrossed in his de- 
scription of the vicissitudes which high school chemistry 
has experienced in the course of a century. There were, 
however, a few over-hasty and unduly generalized 
statements, particularly in the paragraphs dealing with 
the normal schools, and I hope I may be pardoned for 
some critical remarks. 

Dr. Rosen rather brusquely lumps all normal school 
science instruction intoasinglecategory labeled ‘‘second- 
rate.’ But, “second-rate” with reference to what 
standards? Those of the colleges? Or those of the high 
schools? Despite the implications of the paper under 
discussion, normal school science laboratories in the 
last two decades of the nineteenth century and the first 
decade of the twentieth century were excellent, better 
than many liberal arts college laboratories, and superior 
to laboratories in all but a very few secondary schools. 

Surely a whole group of institutions should only be 
judged by comparing actual achievement with the 
objectives guiding instruction, but there is no evidence 
that such an evaluation has been made. Instruction in 
chemistry at some of the normal schools, particularly 
the Bridgewater (Mass.) school, was of a very high 
order; at others, it was more commonplace, but no just 
analysis can be made of any normal school curriculum 
until that curriculum and its underlying objectives have 
been compared. The actual purposes of chemistry 
instruction in the normal schools were so different from 
those of the colleges and secondary schools that there 
is no common ground for this comparison. 

Is a thirteen week course in chemistry, meeting for 
four or five class periods a week, in addition to labora- 
tory time, a mark of mediocrity in itself? If class 
minutes are counted, more time was spent in a thirteen 
week normal school class than is now available to many 
liberal arts students in a one semester chemistry class. 
Contact time in class and laboratory is only one factor, 
and surely not the most important in judging the level 
of instruction. The quality of normal school instruc- 
tion was high, superior to that prevailing in the great 
majority of public high schools, and, judging on the 
basis of dissimilar goals, of value commensurate with 
that of chemistry teaching in the colleges. The men 
and women who taught chemistry in the normal schools 
were themselves college graduates, well trained in 
science, and deeply interested in pedagogical considera- 
tions. 

I have for some years been a student of science teach- 


1 Rosen, Sipney, J. Cuem. Epvuc., 33, 627 (1956). 


ing in the nineteenth century normal school, and an, as 
well aware of its numerous deficiencies as of its good 
qualities. Dr. Rosen, unfortunately, has failed to sir gle 
out the significant weaknesses, and obviously belic-ves 
there were no redeeming strengths. 

May I ask for specific citations of inferior chemistry 
teaching by normal school graduates? I have investi- 
gated a number of allegations centering on this point, 
and have concluded that a charge of this kind cannot 
usually be supported by the evidence. Almost always 
college training (or its lack) was only one of a number 
of factors affecting a particular situation. In one 
institution, the New York State Normal College 
(Albany) in the nineties, there is a legitimate basis for 
complaint about a large number of graduates; this case 
is most unusual. The Normal College, having required 
high school graduation of all its matriculants, believed 
that it could rely completely on the high school subject- 
matter training, and required no further academic 
course work. The two-year sequence at Albany was to 
be a “professional school of education.”” The conse- 
quences were disastrous! Graduates of the Normal 
College were justifiably not employed by the high 
schools, and were unable to succeed on those occasions 
when they found positions. In this case, the evident 
weakness in subject-matter background is legitimately 
at fault. 

Four years of even the best normal school could not 
possibly have provided sufficient scientific training for a 
chemistry teacher, and I do not wish to be construed as 
believing that it did. But men who taught only chem- 
istry in the high schools were relatively few, and a vari- 
ety of science courses (or even completely unrelated 
subjects) was much more likely to fall to the new college 
(or normal school) graduate. The veteran of the four- 
year program at a normal school was relatively well 
equipped for teaching a variety of courses. 

The unpleasant fact is that most high school teachers 
in New England were college graduates and had never 
been connected in any way with the normal schools. 
It was in college that they had been insufficiently pre- 
pared for chemistry teaching. For this reason, the 
normal schools cannot be blamed for the low level of 
high school chemistry teaching unless we are so naive 
as to believe that the small group of science teachers 
who graduated from the normal schools was responsible 
for the conditions described as existing in the late 
nineteenth and early twentieth centuries. 

This situation has a parallel today. The teachers 
colleges are the center of vicious attacks which allege 
that the low state of science teaching in high schools is 
due to improperly prepared teachers college graduates 
who are teaching science in the high schools. This is 
also untrue. In Connecticut, fewer than fifteen per 
cent of the science teachers of the public secondary 
schools are graduates of teachers colleges, and the great 
majority of science (and other) teachers are graduates 
of the liberal arts colleges. The teachers colleges may 
properly be attacked for a number of past and pres: \t 
deficiencies, but to lay the blame for the high school ~ ‘- 
uation on the teachers colleges is an excellent exam) le 
of “scape-goating.”’ 

Louis I. Kusian 


New Haven State TEACHERS COLLEGE 
New Haven, ConNneEcTICUT 
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To the Editor: 


Professor Kuslan is quite correct when he accuses me 
of making certain generalizations about the preparation 
in science of teacher-candidates in normal schools dur- 
ing the latter part of the nineteenth century. However, 

I was led to such conclusions by evidence which I un- 
covered in the literature. If this evidence is not trust- 
worthy, then I am glad to be made aware of it. 

There is no doubt that in the large city school system, 
high school teachers were, in general, liberal arts college 
and university graduates. But it is doubtful whether 
smaller towns were able to afford such trained people. 
I would guess that such high schools (and they still 
make up a major part of the total number of high 
schools in the country) were staffed by normal school 
graduates, many of whom might have only trained 
originally for elementary school teaching. 

Jessie M. Pangburn in “The Evolution of the Ameri- 
can Teachers College’? (Columbia, 1932) indicates this 
situation: “Although college graduation was regarded 
as 2 minimum standard for the preparation of the high 
school teacher, the annual output of the colleges was 
absorbed by the larger cities and towns, so that the 
graduate of the normal school was frequently the best 
teacher material the ambitious small community could 
secure for its embryonic high school.’’ And further on 
the same page (p. 11): ‘In accepting the responsibility 
of preparing teachers for the high school, the normal 
schools undertook a task for which their resources were 
not appropriate. They failed to make adequate pro- 
vision for the cultural enrichment of their students, and 
when the high school pupils whom these students went 
out to teach later sought admission to the colleges and 
universities, they were frequently so deficient in their 
preparation so as to cause serious embarrassment to the 
higher institutions.”’ 

I did find an interesting set of statistics about New 
England high schools in a Ph.D. thesis done at Leipzig 
in 1893 by Fred W. Atkinson: “The Professional 
Preparation of Science Teachers in the United States.” 
Of 1136 high school teachers in New England, Atkinson 
found 56% to be college graduates, 21% normal school 
graduates, and 23% who never completed high school. 

Undoubtedly, some of the better normal schools did 
attempt to provide instruction in the sciences that was 
of college caliber. This is particularly true of such 
schools as Illinois State Normal School. In 1873-74, 
this normal school added advanced work in the natural 
sciences, Latin, Greek, German, French, and mathe- 
matics, (see “Development of the Teachers College in 
the United States,’’ Charles A. Harper, Bloomington, 
1935). This coincided, of course, with the legislative 
action in Illinois requiring prospective high school 
teachers to pass examinations in physiology, botany, 
zoology, and chemistry. Forbes, in “History and 
Status of Public School Science Work in Illinois,” 
(1889) pointed out that there was a rush to accelerate 
teachers through examinations in these subjects. The 
Illinois Schoolmaster, in 1872, published some outline 
lessons in these subjects, virtually guaranteeing that 
anyone learning these lessons would pass the required 
examinations with ease. Between July 1 and October 

1, 1872, 3114 teachers out of 3975 passed the natural 

Science examinations required for the teaching of 

secondary school science. During the 1880’s and 
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1890’s, however, the State Normal School apparently 
provided quite adequate instruction in geology and the 
biological sciences. 

Professor Kuslan is also quite correct in indicating 
that normal school graduates who had deliberately 
prepared for high school science teaching in one of the 
better normal schools could be as good teachers as, or 
even better than, college graduates. The stagnation 
and desiccation of high school science teaching from the 
last decade of the nineteenth century to the second 
decade of the twentieth can be attributed more to the 
influence of the college than to that of the normal school. 

I am sorry that Professor Kuslan interpreted my 
interpretation as an attack on the teachers colleges. I 
was only trying to indicate the part played by the late 
nineteenth century normal schools in the lack of ade- 
quately prepared science teachers in the United States. 
I think that there is place for a good factual work on 
the part played by the various normal schools in the 
providing of science teachers at the secondary level. 

Insofar as the contemporary scene is concerned, I am 
well aware of the lack of recognition by the liberal arts 
schools of their responsibility in supplying teachers for 
the community. The teachers colleges certainly are not 
to blame for the present situation in high school science. 
There is need for more understanding about each other 
on the part of both institutions. It is good to know 
that attempts are being made, particularly on a heroic 
scale by Dean Francis Keppel of the Harvard Graduate 
School of Education, to get representatives of both 
together at conference tables. 

Sipney Rosen 


BRANDEIS UNIVERSITY 
WaLtTHaM, MASSACHUSETTS 


To The Editor: 


Professor Rosen has kindly sent me his reply to my 
letter commenting on his article. I wish to cite the 
sources for my statements that few of the science 
teachers in the public high schools of New England 
were products of the normal schools. 

The “Annual Report of the Rhode Island Com- 
missioner of Common Schools,” 1900, p. 46, states 
that only 5% of the secondary school teachers of 
Rhode Island at the turn of the century were normal 
school products. The “Annual Report of the Con- 
necticut State Board of Education,” 1905, pp. 679-704, 
states that about 13% of the high school teachers in 
the state were products of the normal schools. The 
“Sixty-First Annual Report of the Massachusetts 
State Board of Education,” 1898, p. 431, states that 
only 13% of the Massachusetts high school teachers 
were normal school graduates. Frank A. Hill cited 
identical figures in an address, ‘How Far the Public 
High School Is a Just Charge Upon the Public Treas- 
ury,” before the New England Association of Col- 
legiate and Preparatory Schools at Springfield, Massa- 
chusetts, October 15, 1898. 

The situation is very different in New York. Thirty- 
nine per cent of the secondary school teachers were 
graduates of the normal schools. See “Bulletin of the 
High School Department of the University of the 
State of New York,’’ March, 1898, p. 340. 


Louis I. Kusitan 
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ATOM HARVEST 


Leonard Bertin, Science correspondent 
of the London Daily Telegraph. W. H. 
Freeman and Co., San Francisco, 1957. 
253 pp. 14.5 X 22cm. $3.25. 


Tuts book will have a two-fold interest 
to Americans. It is, first of all, an ex- 
cellent record, by an experienced science 
reporter, of development of knowledge of 
atomic energy in Britain and the ap- 
plication of this both for military and 
peace time purposes. It is largely non- 
technical, but nonetheless the author has 
done what seems to be a thoroughly 
accurate job of reporting. There are 
highly readable accounts of bomb tests 
and of the development of nuclear power 
plants, plus discussions of such problems 
as the genetic implications and the pos- 
sible effects of the bombs on weather. 

Secondly—and perhaps of more im- 
portance for Americans—the book is a 
frank and forceful presentation of the 
British side of the controversy over 
security. It presents a record of con- 
tributions by Europeans before and 
during the war which are all teo often 
minimized in this country. For example, 
to quote one comment, “‘in the matter of 
the separation of uranium 235 by the 
process of gaseous diffusion, for which the 
British team worked out both scientific 
and technological details, no scientist or 
engineer was ever allowed to enter the 
plant at Oak Ridge and our men were 
not even told whether the ideas that they 
had developed had worked satisfactorily.’’ 

The author notes various instances in 
which the ‘‘need-to-know’’ principle in 
security restrictions operated to keep 
our allies and supporters uninformed at a 
time when our rivals were already making 
rapid strides in the field. He also reports 
frankly certain instances which seem to 
the British to raise serious questions of 
ethics with regard to our handling of 
“secrets.’’? For example, he reports that 


Roosevelt and Churchill concluded an 
agreement for exchange of information 
at Quebec, yet this was not mentioned 
at the time of the Smyth report, nor was 
this mentioned to Senator McMahan and 
to Congress when the Atomic Energy 
Act was under consideration. 

None of us can, of course, gauge exactly 
the accuracy of such statements. How- 
ever, the book is not rabidly partisan and 
it has the ring of sincerity. It can, there- 
fore, be highly recommended, both for an 
interesting report on developments in the 
application of atomic energy and for its 
exposition of some of the serious problems, 
which are of general concern to scientists 
and nonscientists alike, that must be 
faced whenever technical data become 
important in international relations. 


ROBBIN C. ANDERSON 
UNIVERSITY OF TEXAS 
Austin, TEXAS 


GALILEO AND THE MAGIC NUMBERS 


Sidney Rosen, Assistant Professor of 
Physical Science and Education, Brandeis 
University, Waltham, Massachusetts. 
Little, Brown and Co., Boston, 1958. 
212 pp. 15 X 22cm. $3.50. 


Dr. Rosen has drawn upon many books 
and translations to give us a biography of 
this remarkable man of science and one of 
the founders of modern experimental scien- 
tific investigation. Asked what he particu- 
larly wished to put across to his readers, 
the author replied: ‘I would like them to 
know that my book is about a genius who 
was not understood by the people of his 
time and unfortunately involved in the 
twistings and turnings of desperate men 
determined to preserve the status quo.” 
Dr. Rosen has succeeded in doing that 
and has given us a picture of the sixteenth 
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century when men endured the tor? ires 
of the Inquisition because they dare. to 
threaten the concepts entrenched by 
authority. 

The book not only reveals the world’s 
attitude toward science at the time of 
Galileo but introduces the reader to 
personalities responsible for this attitude 
and tells of Galileo’s struggle against it. 
“Do not be afraid to challenge authority at 
any time if a search for truth is in question,”’ 
his father had taught him, and Galileo 
was to remember as he pursued the 
number magic of Pythagoras and Eu- 
clidian geometry and the new system of 
the world fashioned by Copernicus. 
Thus Galileo made many enemies by 
differing from the prevailing Aristotelian 
philosophy. In 1632 we see him brought 
before the Inquisition by a special com- 
mission of Aristotelian professors who 
had persuaded the Pope that Galileo was 
a heretic, condemned for a crime which 
was not a crime in his own eyes, for re- 
vealing the great truths of nature which 
he had discovered to be true and de- 
claring the mathematical order which 
governs all things. 

Older readers as well as young readers 
will enjoy Galileo and his introduction to 
the magic of numbers which turned his 
attention to the then very imperfectly 
comprehended laws of bodies in motion 
and led to his great contributions to 
physical science as we know it today. 


GRETA OPPE 
Batu 
GALVESTON, TEXAS 


THE CHEMICAL INDUSTRY DURING THE 
NINETEENTH CENTURY 


L. F. Haber. Oxford University Press, 
New York, 1958. vii + 292 pp. 16 x 
24 cm. $7.20. 


“THERE are many histories of chemis- 
try, few of the chemical industry.”’ Dr. 
Haber thus starts his unique and welcome 
effort to remedy this situation. lis 
book is unique in selecting a few \ey 
industries, mainly sulfuric acid, soda 
and coal-tar-dye-stuffs, and it is welcome 
in its source-based thoroughness. 

He describes the consequences of t:” 
nical developments in production ra‘s 
prices and markets, with due emph:-is 
on the human forces responsible for t! 
achievements. Thus he points out 
economical side of scientific researc! 
the academic institutions in the sev" 
leading countries. The dramatic cha’ -° 
in industrial leadership are clearly | '°- 
sented, particularly in the second hai of 
the nineteenth century when Britain 


JOURNAL OF CHEMICAL EDUCATICN 


* 
| 
| 
i 
424 


> tort ires 
dare! to 
ched by 


world’s 

time of 
eader to 
| attitude 
gainst it. 
thority at 
uestion,”’ 
1 Galileo 
ued the 
and Eu- 
ystem of 
pernicus, 
mies by 
stotelian 
brought 
ial com- 
ors who 
lileo was 
e which 
, for re- 
‘e which 
and de- 
which 


readers 

ction to 
‘ned _ his 
erfectly 
motion 
ions to 
LY. 


A OPPE 


1G THE 


Press, 
16 Xx 


*hemis- 
” Dr. 
eleome 
1. His 
w key 

soda 
eleome 


tech- 

ratcs, 
jph::sis 
rt! 


France in succession found themselves 
surpassed by Germany in fields they had 
believed naturally their own. Portraits 
o! leading personalities are given in con- 
ceive strokes, and in writing about Justus 
Licbig, the author refers to the biography 
wiitten by Fritz Haber, his father. 

‘hapter 10, Big Business in the Making, 
eo itains the fascinating story about the 
orzanization of the large companies and 
th formation of the Interessen-Gemein- 
se).aften. The next chapter deals with 
th. problems in ownership and manage- 
ment, patent law, tariffs and other 
government regulations. The last chap- 
ter gives revealing insight into the po- 
sition of the workers at various times and 
in different countries. 

The statistical tables, of which there 
are many, show the almost explosive 
rise of the chemical] industry in the later 
part of the century. In the United 
States, production of sulfuric acid was 
53,600 tons in 1865, and 700,000 tons 
24 years later. In Germany, for example, 
about four times as much tonnage of 
potash salts was produced in one day in 
1900 as in the entire year 1861. Further 
details on sulfuric acid, soda, bleaches 
and dyestuffs are given in the Appendix, 
with graphs for prices and exports. 

In all, this is a rich source of materials 
to enliven many a lecture on chemical 
industry and to appreciate our present 
situation through its historical prece- 
dents. 

There is only one statement in the book 
that is wrong. Describing the new 
synthetic dyestuffs, Haber refers to 
fuchsine, developed by the manufacturer 
Renard, as ‘‘the German for renard’’ 
(page 82). Renard’s French patent No. 
22,706 of 1859 states that the name fuch- 
sine was to allude to the color of the 
fuchsia flower! I mention this mainly 
so that my high praise for Haber’s book 
may not be suspected of resulting from 
uncritical reading! 

The bibliography of 16 closely printed 
pages does nct really contradict the 
quoted opening sentence. 


EDUARD FARBER 
Wasurneton, D. C. 


MATHEMATICS AND WAVE 
MECHANICS 


R. H. Atkin, Lecturer in Mathematics, 
Northern Polytechnic, London. John Wiley 
& Sons, Inc., New York, 1957. xv + 
348 pp. 14.5 X 22.5 cm. $6. 


Tis book contains a fantastic amount 
of inaterial in 334 pages: analysis, 
vectors, determinants, matrices, differ- 
enti:! equations, classical mechanics, 
vector field theory, wave motion, electro- 
Magnetic field, matrix mechanics, wave 
Mec!...nies, perturbation theory, electron 
spin, quantum chemistry, statistical me- 
chani-s, and quantum theory of radiation. 
The main purpose of the book is to cover 
the principles and some applications of 
quantum mechanics (145 pages) but it 
also includes the necessary background 
material in mathematics and theoretical 
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physics (199 pages). It is remarkable 
how much detail and advanced coverage 
can be included in the amount of space 
used. The book represents a masterful 
piece of condensation and organization. 

It is hard to see how this excellent 
volume could be used as a textbook, by 
itself, either in mathematics or in quantum 
mechanics, because of the terse style. 
Most students wil! need additional detail 


‘and much more extensive discussion, in 


words, of the physical significance of the 
various concepts treated. Also, the point 
of view is definitely that of a physicist; 
this is another serious obstacle to the use 
of this book as a text for a quantum 
chemistry course. It does not seem 
possible to separate out the kind of 
material (especially that concerned with 
basic principles) usually presented to 
chemists. 

The main use of “Mathematics and 
Wave Mechanics’ would appear to be as a 
reference work or supplementary text. 

The problems at the end of chapters 
deserve special commendation. They are 
numerous and excellent. 


TERRELL L. HILL 
UNIVERSITY OF OREGON 
EvuGENE, OREGON 


THE CHEMISTRY OF THE ACTINIDE 
ELEMENTS 


Joseph J. Katz, Argonne National Labo- 
ratory, and Glenn T. Seaborg, Univer- 
sity of California, Berkeley. John Wiley & 
Sons, Inc., New York, 1957. xv + 508 
pp. 16 X 24cm. $14. 


In view of the tremendous interest in 
uranium and the elements which follow 
it in the periodic system, this is a timely 
book. The authors have set out to 
provide ‘a comprehensive and unified 
treatment of the chemistry of the actin- 
ide elements for both the nuclear tech- 
nogolist and the inorganic and physical 
chemist.” It is the reviewer’s opinion 
that the authors have been highly suc- 
cessful in fulfilling their objective. 

A chapter is devoted to each of the 
actinide elements, the lengths of the 
various chapters reflecting the state of 
current knowledge of these elements. 
Thus, whereas the chemistry of all the 
elements (actinium through nobelium) 
is described in about 400 pages, 290 of 
these deal with thorium (50 pages), 
uranium (110 pages), plutonium (90 
pages), and americium (43 pages). 
Among the topics discussed for each 
element are: history, isotopes, occurrence 
and isolation, properties of the element, 
solid compounds, and solution chemistry. 
The chapters are well organized and 
written, with the quantitative aspects 
of the chemistry of the elements being 
emphasized. The important literature 
through 1956 is cited. 

The material on the various elements 
is followed by a superb chapter entitled 
“Summary and Correlation of Prop- 
erties.” Included in this section are 
discussions of chemical and _ physical 
properties, crystal structure, absorption 


and fluorescence spectra, electronic con- 
figuration from magnetic data, spectro- 
scopic data, and the position of the actin- 
ides in the periodic system. The section 
ends with a consideration of future pos- 
sibilities for elements beyond 102 (nobe- 
lium). 

The book contains appendixes on atomic 
weights of the actinide nuclides, X-ray 
energies, and nuclear spins. 

In all regards (organization, content, 
clarity of writing, ete.), the book is ex- 
cellent and is recommended without 
reservation. 


JACOB KLEINBERG 
UnIversity or Kansas 
LawRENcE. Kansas 


PHYSICO-CHEMICAL EFFECTS OF 
PRESSURE 


S. D. Hamann, Division of Industrial 
Chemistry, High Pressure Laboratory, 
Sydney University, Australia. Academic 
Press, Inc., New York, 1957. ix + 246 
pp. 15 X 22cm. $8.50. 


Tue little volume before us presents 
an excellent survey of a field which ex- 
tends over all physical chemistry from 
physics on the one hand to chemical 
engineering on the other. Its excellence 
arises from the author’s ability to com- 
press into small compass information 
from every area in this broad field and 
at the same time present the information 
in a very readable, authoritative, and 
interesting way. There is hardly a topic 
in pressure physics and chemistry that is 
net touched on, and even to enumerate 
them all would not only be tedious but 
would consume more space than is al- 
lowed for a review. 

After summarizing the empirical meth- 
ods for conducting quantitative experi- 
ments under high pressures, including a 
short but good account of transient high 
pressure phenomena such as those ob- 
servable in explosions and shock waves, 
the author describes volumetric effects 
of pressure, giving examples of the ex- 
perimental results and the theories used 
to interpret them. Indeed a very satis- 
fying feature of the book is the mixture 
of theoretical studies and experimental 
results which the author introduces into 
his discussion of every major topic. As 
the book proceeds, the author describes 
the effects of pressure on phase equilibria 
in systems of one and two components, 
on transport properties such as viscosity, 
diffusion and heat conditions, on di- 
electric and optical properties including 
optical and infrared spectra, F-Center 
absorption, nuclear magnetic resonance, 
on electrolytic conduction, and _polar- 
ography. Two substantial chapters are 
devoted respectively to the effects of pres- 
sure on equilibria in chemical systems 
and to the kinetics of chemical reactions 
under pressure. In both of these, es- 
pecially in the latter, the experimental 
results are systematized by reference to 
the current theoretical knowledge. The 
chapter on reaction kinetics is par- 
ticularly interesting. 
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A final chapter on miscellaneous effects 
of pressure comprises a number of topics, 
some of them worthy of a whole book to 
themselves. For example, mineral syn- 
thesis under pressure, a very live subject 
just now, is discussed in one page. How- 
ever, excellent references indicate to the 
interested reader where he can find an 
expanded treatment of the subject. This 
illustrates another pleasing feature of 
this book, the wealth of good references. 
Some 582 general references are given and 
a cursory glance indicates that they are 
well chosen and could indeed provide the 
student with a reliable key to the whole 
field of pressure physics and chemistry. 

This book may be recommended with- 
out reservation to a variety of readers: 
to research workers investigating phenom- 
ena under high pressures who will find 
it a handy reference book and pessibly 
learn something new about work in areas 
remote from their own direct interest, to 
academic men working in physical chem- 
istry or teaching advanced courses who 
will find it of general interest and the 
source of several interesting lectures or 
seminars, to graduate students proceeding 
on to work in physical chemistry who 
will find it stimulating and full of sug- 
gestions for their work, to students and 
practitioners of chemical engineering who 
will find the book a mine of information 
and the source of many interesting leads 
to applications in technology. 


R. E. GIBSON 
Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


DISLOCATIONS AND MECHANICAL 
PROPERTIES OF CRYSTALS 


Edited by John C. Fisher, General Elec- 
tric Research Laboratory, Schenectady, 
New York; W. G. Johnston, General 
Electric; A. Thompson, University of 
Illinois; and T. Vreeland, Jr., California 
Institute of Technology. John Wiley & 
Sons, Inc., New York, 1957. xiv + 634 
pp. 16 X 23.5cm. $15. 


Tus is a superbly illustrated book 
which collects for the first time contri- 
butions from most of the researchers in 
the forefront of the field described by 
its title. It is a collection of the papers 
delivered at an international conference 
held at Lake Placid, September 6-8, 
1956, and sponsored by the Air Force 
Office of Scientific Research, Air Re- 
search and Development Command, and 
the General Electric Research Labora- 
tory. It suffers from many faults of 
such collections. The style is not uni- 
form, and the typographical errors are 
many (but no serious ones were noted). 
Time will prove some of the results re- 
ported more valid than others, and the 
papers assume a rather high level of 
familiarity and competence in the field 
on the part of the readers. Its value to 
the student and general reader interested 
in learning about crystals could have 
been greatly enhanced by a short glossary. 
Yet, in spite of these shortcomings, the 
editors and contributors have produced a 
timely and enlightening book. 


The eight sections of the book are: 
I. Direct Observations of Dislocations 
(8 papers); II. Deformation of Pure 
Single Crystals (6 papers); III. Work 
Hardening and Recovery (6 papers); 
IV. Alloy Crystals, Impurities, Yield 
Point Phenomena (6 papers); V. Dislo- 
cation Damping and Fatigue (3 papers); 
VI. Theory of Dislocations (4 papers); 
VII. Whiskers and Thin Crystals (4 
papers); VIII. Radiation Damage (5 
papers). 

Every teacher of physical chemistry 
should at least scan this book and it 
should certainly be available and used 
in every library purporting to cover 
physical sciences and engineering. A 
more definitive and coherent book will 
no doubt be forthcoming, but this one 
will be the prime source for many years. 


J. A. CAMPBELL 
Harvey Mupp 
CLAREMONT, CALIFORNIA 


AN INTRODUCTION TO CHEMICAL 
THERMODYNAMICS 


E. F. Caldin, University of Leeds. Oxford 
University Press, New York, 1958. xv + 
424 pp. 79 tigs. 145 X 22 cm. $8. 


IN THE preface, the author states that 
his aim has been to write a book that a 
student can work through for himself. 
Because this aim is a very difficult one to 
realize, it is hardly surprising that the 
author has not been entirely successful. 

One place where he fails is in his rather 
disappointing discussion of electrode po- 
tentials, in which he says, in a footnote on 
page 256, that he uses the American 
convention—without saying what that 
convention is. In fact, no general agree- 
ment on what the American convention 
is exists. 

Another failure in this aim occurs in the 
introduction of free energy functions by 
merely defining them without giving any 
preliminary explanation of the need for 
them. Also the general differential equa- 
tions for free energy are given without 
including the net reversible work term. 
For example, the complete equation for 
dF (the author uses dG) should be 


dF = — SdT + vdp — Dw,’ 


Of course these two failures in clarity are 


common to many discussions of thermo- 


dynamics, but one may be disappointed 
to find them in this book after reading 
the author’s aim as stated in the preface. 

Nevertheless, perhaps because the au- 
thor really has tried to write a book that 
a student can work through for himself, 
most of it does seem to be more clearly 
written than many similar books. For 
example, some books seem to be confused 
in their use of the terms spontaneous 
change and irreversible process, treating 
them as if they were synonymous. This 
book states clearly the relationship be- 
tween them (although the word path is 
actually used in place of process). In 
fact, the Second Law is stated in terms of 
this relationship, on page 133: 


Table 15 


Spontaneous change in a system 
Can be made to do work on surroundi: zs, 
and reversed only by supplying work from 
surroundings. 


Reversible path Irreversible pati 


Work done by sys- | Work done by sy-- 
tem numerically a | tem numerical 
maximum. less than maximum, 


Although this reviewer does not agree 
with such a statement of the Second Law, 
it does stress to the student that a spon- 
taneous change, theoretically, may |e 
_— out either reversibly or irrevers- 
ibly. 

Anyone looking for a textbook for a 
first course in thermodynamics should 
examine this book. 


W. F. LUDER 
NORTHEASTERN UNIVERSITY 
Boston, MAssacHUSETTS 


THE TERPENES. VOLUME 4: THE 
TRITERPENES AND THEIR DERIVATIVES 


The late Sir John Simonsen and W. C. J. 
Ross, University of London. University 
Press, Cambridge, 1957. ix + 524 pp. 
14 X 22cm. $13.50. 


For over five years now, since the pub- 
lication of Volume 3 of the second edition 
of ‘The Terpenes’’ in 1952 [reviewed by 
T. L. Jacobs in THIs JoURNAL, 30, 215 
(1953)], organic chemists, biochemists, 
pharmacologists, and others everywhere 
who are interested in the chemistry. of 
natural products have eagerly awaited the 
appearance of this new volume and its 
companion in this invaluable and authori- 
tative series which presents a complete, 
detailed, systematic survey of the chem- 
istry of the terpenes, their derivatives, 
and related transformation — products. 
The acyclic and the simpler monocyclic 
monoterpenes were covered in Volume 1, 
the bicyclic monoterpenes in Volume 2, 
and the sesquiterpenes and the diterpenes 
in Volume 3. In the present volume a 
number of classes of the now increasingly 
important triterpenes are considered, in- 
cluding hydrocarbon, alcohol, hydroxy- 
aldehyde, ketone, and hydroxy-ketone 
representatives, such as squalene, ambrien, 
lanosterol, a- and -amyrin, betulin, 
lupeol, friedelin, and cerin. 

Introducing the more general reader 
to the vast and complex field of triterpene 
chemistry, the authors have prepared a 
skillfully written introduction summariz- 
ing the occurrence, methods of isolation, 
early chemical studies and _ structural 
speculations, present major classifications, 
and key biogenetic interrelationshi)s of 
the triterpenes. Then, as with the pre- 
vious volumes, the emphasis in the sub- 
sequent chapters lies primarily wit! the 
presentation of experimental evi ence 
which has been adduced to establis!: de- 
tails of structure and stereochemistry. 
Inasmuch as copious references to the 
occurrence and isolation of each n:iural 
triterpene are also included, this work 
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Tue chemical profession and especially chemical 
educators will have their anticipation turn into grati- 
fication and pride this fall when the first numbers of the 
Ford Foundation-sponsored complete high school 
chemistry course on film are released by the Encyclopae- 
dia Britannica Films, Inc. Professor John F. Baxter 
and his staff have been working night and day since 
November, 1957, and will continue until December at 
the tremendous task of producing 160 thirty-minute 
films for use either directly in high school classes or on 
closed circuit TV facilities. 

We feel that this is a most significant experiment in 
chemical education. We choose the term “experiment” 
carefully to emphasize the unmistakable intent of the 
project. The support of the American Chemical 
Society has been in an advisory capacity through a 
hard-working committee consisting of representatives 
of the Division of Chemical Education and of the 
Society’s committees on chemical education in coopera- 
tion with representatives of the National Science 
Teachers Association. 

The anticipated use of the film course will be in 
situations where well-trained personnel are not avail- 
able, where instructional facilities are limited or 
non-existent, or where harried and overloaded teachers 
have been forced to abandon the time-consuming 
preparation of demonstration materials. All who 
have seen previews agree that undoubtedly there will 
be an even more far-reaching result. This is the 
inevitable catalytic effect on the improvement of 
anyone’s teaching who has watched a master teacher 
make imaginative use of devices for visualizing chemical 
phenomena. 


Plans eall for about 130 “sequential” films to provide 


the core of the classroom work. The remainder will 
contain supplemental but equally important material. 
For example, it will show how a chemist uses fundamen- 
tal principles and experimental techniques to make his 
Work a vital part of present day civilization. Although 


there is no textbook for the course, printed materials 
will be supplied in the form of student questions and a 
teacher’s manual. The latter will include a suggested 
key to assignments in existing texts, answers to ques- 
tions, suggestions for student laboratory work, and 
supplemental readings. A sizeable portion of the 
course at about midyear will deal with organic and 
biochemical topics. 

The over-all approach to the subject matter can best 
be characterized as “conventional but modern.” 
Acids and bases will be proton donors and proton 
acceptors. There will be no molecules of sodium 
chloride. Students will record the weights they see 
on the pan of the analytical balance and count the 
swings of the pointer rather than have to accept 
numbers already printed on their work sheets. ‘Phey 
will be told that we really do not know how to do an 
experiment which can reveal the exact location of an 
electron, rather than be left to think that the advertis- 
ing billboards portray actual pictures of atoms. Stu- 
dents will realize that chemical reactions take place 
between chemical species, not between hieroglyphic 
symbols conveniently manipulated on a sheet of paper. 

The technical excellence of the films is sure to win 
applause. Baxter has labored under 57,000 watts of 
illumination before three ‘one-eyed monsters” in a 
specially constructed studio under the University of 
Florida stadium. (Any citing of precedent for this 
location is done with tongue in cheek!) The editing-in 
of close-ups makes an aesthetic experience out of 
watching such mundane events as the pouring of water 
into a cylinder of oil and the coalescence of the drop- 
lets. 

We reiterate our conviction that “chemistry is an 
experimental science; its teaching deserves to be.” 
We know too that readers will join on our applause 
for such a large-scale experiment so well conceived 
and executed. Its immediate results are commendable. 
The testing of its long-range effectiveness is exciting 
to anticipate. 


. 
j } 


THE NURTURE OF CREATIVE SCIENCE 
AND THE MEN WHO MAKE IT’ 


I wovutp like to describe the moment (and, curiously 
enough, it was a moment) when the recognition of one 
of the basic facets in the photosynthetic carbon dioxide 
cycle occurred. One day I was waiting in my car 
while my wife was on an errand. I had had for some 
months some basic information from the laboratory 
which was incompatible with everything which, up 
until then, I knew. I was waiting, sitting at the wheel, 
probably parked in the red zone, when the recognition 
of the missing compound occurred. Jt occurred just 
like that—quite suddenly—and suddenly, also, in the 
matter of seconds the cyclic character of the path of 
carbon became apparent to me, not in the detail which 
I shall describe here of course, but the original recog- 
nition of phosphoglyceric acid, and how it got there, 
and how the acceptor might be regenerated, all oc- 
curred in a matter of 30 seconds. So there is such a 
thing as inspiration, I suppose, but one has to be 
ready for it. I don’t know what made me ready for it 
at that moment, except I didn’t have anything else to 
do. I had to sit and wait, and perhaps that in itself 
has some moral. It is this kind of thing which I 
would like to tell a little more about. 

We have heard much in the past months of the 
existing, or impending, shortage of scientists and 
engineers in our country and the need for accelerating 
or transforming our educational program to produce 
them. I am quite confident that most will recognize, 
with me, that for today, and for the immediate future 
at least, we do not lack scientific and engineering man- 
power of the type usually envisaged in these cries for 
“more,’’ although we must, of course, continue to 
expand our ability to produce them for the longer 
future. Recruiting for industry in chemistry and 
physics has been considerably more selective this year 
than in the past few years. 

Tt is my feeling that what we lack today and are not 
providing for the future is not the numbers but the 
few men capable of generating the entirely new and 
original notions which could put many scientists and 
engineers and organizations to work. In order to 
find these few people there must be a climate for the 
development of many. An essential feature of this 


1 The preparation of this paper was sponsored by the United 
States Atomic Energy Commission. Transcription of Nichols 
Medal Address, New York Section, American Chemical Society, 
March 14, 1958. 
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The Photosynthesis Story: A Case 
History 


MELVIN CALVIN 
University of California, Berkeley 


climate is an atmosphere of curiosity about the nature 
of the world around us and the freedom to satisfy 
that curiosity. 


PRESENT KNOWLEDGE OF PHOTOSYNTHESIS 


I would like to tell the story of the development of 
the work which started out as an investigation of 
photosynthesis and which continues in this direction 
but which has many new ramifications and some en- 
tirely strange results. Photosynthesis, the process 
upon which all life on earth today is ultimately de- 
pendent, achieves the conversion of electromagnetic 
energy from the sun into chemical energy in the form 
of plant material by the reduction of carbon dioxide 
from the atmosphere with the liberation of oxygen to 
the atmosphere. It has been possible to describe in 
some detail the way in which the plant accomplishes 
the reduction of CO, using radioactive carbon as a 
tracer. The status of our present knowledge, and how 
we attained it, together with some prospectus of the 
future and what we can look forward to, is the principal 
theme of this discussion. 

Figure 1 will give some idea of the problem as we 
faced it. The two molecules that are involved in the 
photosynthetic process in the beginning are the two at 
the bottom—water on the left and carbon dioxide on 
the right. Light energy, somehow, breaks the water 
molecule, producing something which eventually be- 
comes oxygen, with a sequence labeled A, B, and (, 
and an active hydrogen ({H]) of some sort, which acts 
upon carbon dioxide, or a derivative of carbon dioxide, 
producing compounds along the sequence X, Y, and Z, 
utimately to form carbohydrate, that is, reduced 
carbon. 


(CH.0} 


Z H,0 
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LIGHT 


ENERGY t 
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Figure 1. Elementary Photosynthesis Scheme 
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When the war was over in 1945, radioactive carbon 
(cirbon-14) became available to us in quantity. It 
eould be followed through a series of transformations, 
such as were unknown and which are labeled X, Y, and 
Z in Figure 1. We undertook to follow that path of 
tracer carbon by feeding the plant labeled carbon, 
as shown in Figure 2. Labeled carbon enters the 
le: { through a series of compounds, eventually coming 
ou: as sugar. It is easy to see that if we were to kill 
the leaf (or stop the process of photosynthesis) we 


RADIO DETECTORS 


Figure 2. Schematic Representation of C'‘ Labeling in the Leaf 


would find those compounds which were on the route 
from carbon dioxide to sugar containing the radio- 
activity (indicated by the blips on the detectors down 
below). Those compounds which were not along the 
path between carbon dioxide and sugar, such as Q in 
Figure 2, would not be radioactive, and thus it would 
be possible to map the route from carbon dioxide, on 
the one hand, to sugar, on the other hand. 

In order to do this kind of experiment we had to 
have a plant material which was extremely repro- 
ducible in its behavior. We had to become “farmers,” 
but a special kind of farmer. We had to grow our 
plants in a reproducible way so that they would do the 
same thing on Tuesday as they did on Monday, but 
that is not simple with living organisms unless they 
are specially cared for. So we had to devise our own 
“farm” on which we could grow the organisms we 
would use for this study in such a way that we could 
depend upon their identical behavior from day to day. 

Initially, after the selection of pure cultures and 
their maintenance in 150-ml. flasks, we grew the 
algae in one-liter shake flasks. This is the type of 
algae culture equipment which we used up until about 
three years ago. Our present farm consists of a con- 
tinuous tube culture (Figure 3) of unicellular green 
algae whose density is controlled by a photocell. The 
contiiuous control automatically feeds medium into 
the culture tube when the algae get dense enough. 
When we need the algae cells, we can harvest them 
in a sterile manner. The biological material which 
we ordinarily use is the unicellular green algae Chlo- 
rella whose culture can be controlled to produce a very 
Teproducible organism. Figure 4 shows a_photo- 
micrograph of Chlorella and this will give some idea 
of the size; the scale is in microns. The cup-shaped 


VOLUME 35, NO. 9, SEPTEMBER, 1958 


chloroplasts which contain the photochemical ap- 
paratus (chlorophyll) show near the center. 

Having devised the farm and grown the algae, we 
then expose the algae in the “lollipop” (Figure 5) 
to radiocarbon for varying periods of time. Follow- 
ing the exposure, the algae are killed in a variety of 
ways, and an extract of the algae which will be used 
for analysis is prepared by vacuum concentration. 
The method of analysis that we use is paper chro- 
matography and, in fact, our entire operation is de- 
pendent upon this analytical procedure.’. A small 
bit of the extract is placed on a corner of a piece of 
filter paper which is hung in a trough, and suitable 
solvents added to the trough are allowed to run over 
the paper, thus separating the mixture of compounds 
into their various constituents. This is done suc- 
cessively in both directions of the paper. We then 
find which constituents are radioactive by exposing 
the paper to an X-ray film. Wherever there is a 
radioactive compound on the paper the film becomes 
black and we thus know where the radioactive com- 
pounds are on the paper. Then we proceed to de- 
termine what they are. From their position on the 
paper we have a clue to what they are but not a com- 
plete identification. 

The result of this operation of paper chromatography 
followed by radioautography is shown in Figure 6, a 
chromatogram showing what happens after 30 seconds’ 
exposure to radiocarbon. There are about a dozen 


TO REGULATED 
AIR SUPPLY 


Figure 3. Constant Density Algae Culture Apparatus 


A, 16-liter carboy of dium; B, solenoid; C, glass tube with D, magnet; 
E, bubble trap; F, stopcock; G, cotton-packed air outlet; H, cotton-packed 
air filter; J, three-way stopcock; J, draining and inoculating tube; K, mag- 
net; L, fin; M, d algae ture; NV, water bath; O, magnetic stirrer; P, 
collecting graduate; Q, reservoir; R, jacket with eight fluorescent lights, S, 
pinch clamp; 7’, overflow outlet. Inset is cross section showing jacket with 
eight fluorescent lights. 
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Figure 4. Photomicrograph of Chlorella 


compounds that contain radioactivity. Thirty sec- 
onds, is much too long an exposure and so we short- 
ened the time. Figure 7 shows a chromatogram of a 
10-second exposure; one compound now predominates. 
It has taken about ten years to identify the compounds 
whose spots appear on Figure 6, and there are still 
spots on the film whose identity is unknown to us. 

The result of all this is an analysis of the path of 
carbon in photosynthesis, which is shown in Figure 
8. We now know every one of those compounds. To 
give a better (and simpler) idea of what we have done, 
I have schematized this entire cycle into a leaf (Figure 
9) which is the one shown in Figure 2 in which we had 
compounds labeled X, Y, and Z, to show what the 
cycle amounts to in actual fact. The carbon dioxide 
enters the leaf at the upper right, and is combined with 
the sugar. The sugar, in combination with the COs, 
forms an acid. That acid is then reduced to sugar 
again by the hydrogen which the sun makes from the 
water. The sunlight is shown shining on the water 
in Figure 9 but it is, of course, actually absorbed by 
chlorophyll as shown in Figure 10. Following ab- 
sorption an “‘active”’ hydrogen is made, and that 
active hydrogen, following the arrow on the lower 
right, joins the acid and sugar, thus converting the 
acid to sugar. The sugar undergoes a series of re- 
arrangements and comes back again to the original 


sugar itself, and thus the cycle is completed. \\e 
have mapped the path of carbon in photosynthesis 1 
great detail. More recently we set out to map t!ie 
path of hydrogen which is really an unknown quanti: y. 
All we know is that it starts from water and ends on 
the sugar. 


THE PATH OF HYDROGEN 


An early approach was to use deuterated cells io 
follow the path of hydrogen, but this was abandoned 
when it was found that such cells showed disti: ct 
pathological characteristics and that the quantities 
required for the detection apparatus (in this case 
nuclear magnetic resonance) would involve the use of 
large amounts of cell material and would necessit:te 
the isolation of intermediates on a large scale. ‘or 
example, the unicellular green algae, Chlorella, when 
placed in water containing as much as 30% deuterium, 
while it continues to grow, ceases to divide and giant 
cells result. 


Figure 6. Chromatogram of Extract from Algae Indicating Uptake of 
Radiocarbon During 30 Seconds of Photosynthesis 


There remained the possibility of using the radio- 
active isotope of hydrogen, tritium, to follow the up- 
take of hydrogen from radioactive water by cells 
carrying out photosynthesis. Many difficulties had 
to be overcome, not the least of which was the very 
weak energy of the beta-particles emitted by tritium 
and the large amount of dilution of the tracer by the 
enormous amounts of water which are inevitably 
present in any biological system. The experiments 
with tritium were performed essentially in the sme 
way as the carbon experiments described earlier. ‘| his 
work is still in the preliminary stages, but the results 
so far have shown that tritium is incorporated int: a 
number of compounds in the course of three minutes, 
and these substances appear to be the same one- «s 
those containing C™ after the cells are exposed to 
C“O., though the relative distribution of activi'ies 
is quite different with the two tracer substances. 


OTHER STUDIES WITH D.O 


Our experiments with heavy water on Chior lla 
which indicated an interference with cell division ut 
not directly with growth suggested work on cancer 
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cel's whose characteristics are oriented toward rapid 
division or multiplication. We studied the effect of 
D.') on the survival of mice with ascites tumor. Mice 
inoculated with ascites tumor and maintained on 25% 
ani 30% D.O drinking water showed an improved 
survival time of a few days, whereas 40% D-.O drinking 
water (a toxic concentration) had no effect on survival 
time. It has been postulated that -the increased 
survival time of the mice maintained on the 25% to 
30°; DO is due to a decreased rate of cell division. 
This inhibitory effect has theoretical interest but no 
therapeutic value at the moment. 

Another area in which the cell dividing inhibitory 
property might show is in fertility, and the control 
(normal) animals in the cancer study were mated and 
observed. This led to perhaps the most obviously 
interesting result of our experiments with D,O which 
is the fact that male mice who receive drinking water 
containing in it up to 30% deuterium are incapable 
of fertilization. This effect is reversible, for when 
these mice are turned to normal water they recover 
their ability to produce offspring in about 65 days; 
this is 5 days to clear out the heavy water, 40 days for 
spermatogenesis and 20 days for gestation. The im- 
portance of this last observation with respect to the 
nature of growth and cell division and its possible 
application to a fundamental study of genic material, 
such as nucleic acid, has only begun to be explored. 

The mechanism by which we believe this action oc- 
curs has to do with the fact that most of the giant 
molecules in the living organism retain the particular 
shape they have because of bonds within them formed 
by the hydrogen atoms of their structure. When 


Ce (B keto acid) 


Figure 7. Chromatogram of Extract from Algae Indicating Uptake 
of Radiocarbon During 10 Seconds of Photosynthes's 

these hydrogen atoms are replaced with deuterium 

atoms, we may expect these structures to change 

markedly. This should prove to be an important 

tool in the investigation of these most basic substances 

in biology. 

Another unanticipated development of the course 
of our investigation of photosynthesis has been the 
evolution of concepts of the electronic behavior of 
macromolecules which could lead, on the one hand, to 
the creation of organic solar converters and, on the 
other, to new thoughts on the relationship between 
micromolecular structure and visible macrostructure 
and function in the living organism. 


(polysaccharides) 


Cg (hexose) 


CARBON REDUCTION 


CYCLE IN PHOTOSYNTHESIS 


C5 (ribulose diphosphate) 


transketolase 


Figure 8. The Path of Carbon in Photosynthesis 
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INSTITUTES FOR BASIC RESEARCH: CRADLES 
OF CREATIVITY 


You can see how this work, which has been the 
product of the activities of many people from all ex- 
isting divisions of science—physics, chemistry, and 
biology—has led to a new synthesis, not only in the 
original area of thought but perhaps in others un- 
dreamed of at its inception. 

In order to foster this sort of thing, it seems to me 
our methods of educating scientists must be carefully 
examined. This education must be such as to enable 
the young scientist to explore deeply and well some 
particular area of natural phenomena. There is no 
substitute for this sort of concentrated activity and 
concentration of thought. However, it must be 


CARBON 
DIOXIDE 


Figure 9. Schematic Diag 


accompanied by the conviction that the student is 
free to follow, and, in fact, has the duty to follow, the 
exploration of any natural phenomena into whatever 
area the light may lead him. In this way will the 
creation of new horizons overlapping existing divisions 
of science be encouraged. Without it, we will be 
limited to the classifications and subdivisions of 
science developed during the nineteenth and early 
twentieth centuries, and our thoughts, conceptions, 
and even practical developments will be circumscribed 
by the very words and modes of expression which each 
scientific subdivision of today tends to use. 

In order to avoid academic prejudice I felt it en- 
cumbent on me to try and find an external expression 
of what I wanted to say, and I found it in the words 
of Harold Gershinowitz, the president of the Shell 
Development Company: 


In the large sense there can be no such thing as undirected re- 
search in industry. It may start out thus, but essentially it is 
directed into types of activity that the managers of that research 
laboratory have confidence will at some time have application. 
Therefore, I think it is very important that there should be some- 
where a place in the research organization of the nation where 
really undirected investigation can take place. 


I would suggest that the creation of several dozen 
laboratories, or institutes, devoted to unrestricted 


+> 


basic research (such as I have described to yo.) 
throughout the country, located, as they must be, «t 
the universities, would be a partial answer, at lea:t, 
to our problem of producing the creative thinking 1 
all areas of science which we so sorely need. Tre 
funds for the creation of these laboratories may come 
from a variety of sources. It would be highly <cie- 
sirable if they could come from the foundations and 
private contributions, but it is difficult to see that 
amount of money necessary for the creation of several 
dozen of these laboratories to be forthcoming from 
such sources. 

One might expect that the managers of our industrial 
complex would appreciate the value of such uncom- 
mitted research establishments outside their own 
research and development laboratories, and would 
help to find ways and means of providing the facili- 
ties and continued support that they would need. 
However, it appears that the only single source cap- 
able of achieving the creation of these laboratories, 
and on the scale we need them, will be the people as a 
whole, probably through the function of one or more 
of their federal agencies, such as the National Acad- 
emy of Sciences or the National Science Foundation. 

These institutes must be part and parcel of the 
fabric and development of our universities. Their 
staffs could be about one-third academic and _per- 
manent supporting personnel, one-third visiting post- 
doctoral people, and one-third graduate students. 
The absolute numbers would depend upon the in- 
dividuals concerned and the areas of their work. One 
might expect them to vary from less than a dozen to 
maybe ten or twenty times that many. 

We would thus not only provide the climate for the 
generation of new ideas but also for the discovery and 
development of the young men capable of producing 
them. Without these, we as a nation will not survive 
in the class we now stand. Unless we contribute in 
this large way to the development of the human race, 
we will have to sink back into a subsidiary position in 
the intellectual activities of the world. 


. Photosynthesis of Food from Carbon Dioxide 
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MEETING THE DEMAND FOR 
PROFESSIONAL CHEMISTS 


FRANK E. BROWN 
Iowa State College, Ames, Iowa 


Wuen the SAMA Award for 1958 went to Franx E. Brown, 
Professor of Chemistry at Iowa State College, at least 40,000 
pairs of hands applauded. These belonged to the students who 
have had the doors to chemical knowledge unlocked by his gen- 
eral chemistry course during the past forty years at the Ames, 
Iowa, institution. Even more thunderous was the applause 
from the more than 500 former graduate assistants who have had 
the privilege of sharing his enthusiasm. 

A teacher all his life, his experience has ranged from a one- 
room country school to a state university. His Ph.D. thesis 
from Chicago in 1915 gave the scientific world the famous Harkins 
and Brown ‘‘drop weight”’ technique for precision measurement 
or more of surface tension. 
al Acad- He has served the A.C.S. as local section officer, and as a 
dation. member of the Council has contributed his experience to the work 
| of the of several committees. The Division of Chemical Education 
| : prospered under his chairmanship in 1941. The Iowa Academy 

Their of Science owes much to his long-standing support and leadership. 
ind per- He has been an abstractor for Chemical Abstracts since 1921. 
ng post- The mark of a truly professional man is demonstrated by the fact 
tudents. 
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that in addition to his efforts for chemistry and chemistry teach- 
a. ing he has been active in church and community, especially as a 
k pons Boy Scout leader. 
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Is ruts title, “professional chemist’’ refers to one 


whose occupation is the practice of chemistry or the 
teaching of chemistry. The number of such persons 
in the United States has increased so rapidly during 
the twentieth century that a shortage seems impos- 
sible. The membership in the American Chemical 
Society has increased from less than 2000 in 1901 to 
more than 82,000 in 1958. But there is adequate 
evidence now that the demand for well-trained chem- 
ists exceeds the supply. I see three factors which 
contribute to the shortage of chemists. The first 
is beyond our control. The second will and should 
continue to operate. The third can and should be 
controlled. 

First, the low birth rate for the decade following 
the panic of 1929 will cause small annual additions to 
the professionally trained labor force until the babies 
of 1940 to 1950 can be educated. The crowding of our 
grade and high schools indicate that in ten years this 
factor will cease to operate. 

Second, industry and defense are employing more 
chemists than anyone could foresee. During the 
early years of the twentieth century no one predicted 
the geometrical increase in the importance of chem- 
istry and chemists. Even chemists were far too 
modest in their estimates. In 1901 at the quarter 
centennial meeting of the American Chemical So- 
ciety, Harvey W. Wiley spoke on “The Dignity of 
Chenistry.”” Speaking of the future, he said: 

In 1976 will be celebrated the centenary of our society. . . . 
When this society meets on that founder’s day the membership 


will be nearly 10,000 and its organization will reach to all quarters 
of our -ountry. 
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Third, for several years the fraction of college 
freshmen which chose to major in chemistry has de- 
creased. At a time when the proportion of chemists 
needed in the population is increasing, this is serious. 
Any plan to secure an adequate supply of chemists 
must include a study of the reasons for these choices 
of the college freshmen and secure a more favorable 
view of chemistry as a profession. 


TEMPORARY EXPEDIENTS 


Choices made by college freshmen in 1958 cannot 
have much effect on the supply of trained chemists for 
a few years, but some practices can be helpful im- 
mediately. Among these are: 


Relaxation of the rule which compels the retirement of an active 


--eompetent chemist because-he has reached some arbitrary age. 


Employment of chemists for part-time service when strength 
or inclination precludes full-time employment. 

Furnishing nontechnical help to relieve chemists of as much 
dishwashing, report writing, and other routine work as possible. 

Recognition of the fact that scientific discoveries and develop- 
ments must precede their exploitation by executive orders, and 
rewarding those who have made great contributions to chemistry 
by relieving them from routine and restrictions so that they can 
make more and greater chemical contributions instead of con- 
verting them into executives. Compensation for these chemical 
services should be comparable to what they would receive if 
their training was wasted and their talents were incompletely 
used in executive positions. 

Searching for talent among those doing routine work for chem- 
ists and providing either training on the job, or granting leaves 
for training in schools. 

Encouraging college graduates whose training does not fit them 
for any occupation they care to enter to take the courses in chem- 
istry they lack. Many successful chemists took their first degree 
in some other field. 


433 


4 
if 
ioxide 


The adoption of these six practices would furnish 
considerable additional chemical manpower in a short 
time, benefit the persons employed mentally and 
physically as well as financially, and relieve the drain 
on the funds of some of our retirement systems. 
However, these would be temporary expedients. The 
supply of chemists will not be adequate until a larger 
fraction of those entering college are convinced that a 
career in chemistry is worth the effort required to pre- 
pare for it. 


PREPARATION OF HIGH SCHOOL 
TEACHERS AND COUNSELORS 


As long as high school students, their friends, their 
parents, and even some of their teachers have no other 
sources of information than comic strips, TV, popular 
fiction, and the daily press, false ideas about chemistry 
and chemists will have considerable influence on stu- 
dents’ choice of high school courses and vocations. 
The correct presentation of chemistry should be made 
before the end of the sophomore year in high school. 
The prerequisites for college chemistry courses are 
high school mathematics and language as well as science 
courses. Every student in every high school should 
have access to a chemistry teacher or to a vocational 
adviser who knows and appreciates the importance of 
the prerequisites for professional training in chemistry. 

In the “Iowa Educational Directory,” science, not 
chemistry, is listed as a subject. About 73% of the 
science teachers teach one to three nonscience subjects. 
For 28% of the science teachers one of the added 
subjects is coaching or physical education. 

A “Manual on Certification Requirements for School 
Personnel in the United States” was published in 1957.! 
It shows that 18 states had no specific requirement of 
credits in chemistry for teachers of chemistry in high 
schools and seven others had a requirement of | ss than 
15 hours. This is to be compared with a minimum of 12 
hours in education, and with one state which had no 
specific requirement in language and with four states 
which had no specific requirement in social science. 

In 1957 James R. Irvine, Director of Technical 
Services for the Scientific Apparatus Makers Associa- 
tion, published a paper entitled ‘(Guidance and the 
Scientific Manpower Shortage.”” His charts show that 
33% of the high school counselors were qualified in 
social studies and business, and only 16.8% in all 
sciences and mathematics. Thus, science and mathe- 
matics are handicapped by false representations, are 
more likely to be taught by unprepared teachers, and 
have fewer competent counselors in high schools than 
competing courses. 

Chemistry teachers in high school should know how 
to teach and should enjoy teaching; they should know 
and understand adolescents, insofar as that is possible, 
and appreciate the aspirations of adolescents in spite of 
their follies; but they must know and like chemistry if 
their students are to be enlisted in chemistry. 


COLLEGES MUST PREPARE HIGH SCHOOL 
CHEMISTRY TEACHERS 


Departments of chemistry in colleges and univer- 
sities must furnish the technical part of the teachers’ 


1 Available from National Educational Association, 1201 Six- 
teenth Street, Washington 6,D.C. $2. 
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preparation. Few chemistry departments, especial y 
those in large universities, have faced this responsibilit ,. 
If chemistry departments wish to have good chemistry 
teachers in high schools, they must not require these 
teachers to take only chemistry courses which prep: 
for college teaching or for industrial work. If they :‘o 
require such courses they will educate the best teach: s 
out of high school teaching. Every college or univ: r- 
sity which is preparing teachers for high schools showid 
offer a course in chemistry which can be used for gr:<- 
uate credit as a minor in education, and for no other pur- 
pose. Its title could appropriately be “Teaching of 
Chemistry—Content and Methods.” This course 
should have as a prerequisite only a standard cours« in 
general chemistry. It should include descriptive 1)\.- 
terial in all branches of chemistry and show devel: p- 
ments in chemistry as they are related to mathemat ics 
and all other sciences, but it should not demand much 
technical mastery of any of these other courses. 

It should be taught by ene whose methods are suited 
for teaching adolescents. The laboratory should in- 
clude setting up and presenting lecture demonstrations. 
Summer institutes are doing something like this, often 
using several instructors, but the preparation of high 
school chemistry teachers should not be delayed until 
after their teaching has already attracted favorable 
attention and they can secure institutional support. 


CHEMISTS AND CHEMISTRY MUST BE 
PRESENTED FAIRLY 


High school teachers alone cannot make chemistry 
popular, and an adequate supply of well-prepared 
teachers of high school chemistry cannot be ready in 
1958 nor for several years after that. Parents and 
friends will also exert much influence on the choice of a 
vocation. These influential persons should know the 
truth about the chemists and chemistry. 

Neither chemistry nor chemists are perfect. The 
objections raised by high school students deserve 
consideration. It might be worth while to enumerate 
some of the objections raised or faults which exist and 
comment on them. 

Monetary Rewards Not Large, but Adequate. lew 
chemists become wealthy. But good chemists do have 
adequate regular salaries. Fortunate investments, 
transfers to administrative or sales work, or the in- 
vention of patentable processes have given real we:lth 
to a few. 

Chemists and Headlines. If chemists received more 
public recognition as individuals, the young people 
would be more likely to become chemists. A few 
chemists, but very few, and not always the most de- 
serving, now receive the plaudits of the crowds. A 
chemist’s work is technical, and those not traine: in 
science may not appreciate the significance of a very 
important chemical discovery, such as, “parity is not 
conserved.”” But few groups are as fair and gene’0us 
with each other as are chemists. Numerous aw rds 
and recognitions are given each year for many diffe: ent 
kinds of achievement. 

Chemists and Professional Recognition. The » ¢ll- 
equipped chemist has as much knowledge or ski! 10 
his field as a doctor or a lawyer does in his field. [he 
chemist, trained for his occupation with a Ph.D. dex ree, 
received a professional training which is equal to the 


JOURNAL OF CHEMICAL EDUCATION 


at 
= 


pecial y 
sibility’, 
emist ry 
e these 
prepiire 
they «Jo 
each«''s 
univer- 
should 
gr:id- 
piir- 
hing of 

course 
yurse in 
ive lia- 
evelvp- 
ics 


d much 


2 suited 
ld in- 
rations. 
s, often 
of high 
until 
vorable 
port. 


emistry 
repared 
pady in 
its and 
ice of a 
iow the 


t. The 
deserve 
umerate 
cist and 


lew 
Jo have 
tments, 
the in- 
wealth 


more 
people 
A few 
de- 
vds. A 
ined in 
a very 
y is not 
ener ous 
awirds 
lifferent 


well- 
ski!| in 
j. he 
dex ree, 
to the 


CATION 


training in the fully recognized professions. But 
a large precentage of professional men serve individuals 
directly and recognize an obligation to serve even if 
recompense is doubtful. Recognized professional men 
are usually licensed by a legal authority. Very few 
lawyers or doctors would think of practicing without 
keeping up membership in their professional organi- 
zations. A high fraction of all chemists work for 
salaries, recognize no public claim on their services, 
an are unwilling to be licensed. About half of the 
persons in the United States who wish to call themselves 
chemists are not members of the American Chemical 
Soviety. Chemists are not completely professional 
and many of them do not desire to be. 

Chemistry Is Not Easy, but Is Challenging. Is it 
not possible to make the high school prerequisites for 
chemistry as easy as any other subjects in high school? 
The answer must be “No!” Different recreations 
and sports require different abilities; so do different 
occupations. Besides having been willing to overcome 
mathematical difficulties, prospective chemists should 
be inclined to read widely and set up experiments to 
find the answers to their wonderings. 

Chemistry cannot be made easy, but it cannot be 
dull or uninteresting to one who works at it. The 
undergraduate work in chemistry may require more 
mental effort than some other curricula, but anyone of 
average intelligence can master it if he wishes to do 
that, as much as the ordinary athlete wishes to make 
the team. Almost any student in chemistry who 
receives a B.S. degree with grades above the average 
of his class can earn his way as he works for the Ph.D. 
I know of no other curriculum which has so many 
opportunities for those who wish to do graduate work. 

Chemists May Work Alone or in Groups. Chemists 
may work alone, although now much chemical research 
is done by organized groups. Working alone may be 
an advantage for some. Moreover, working alone 
need not make one either lonely or friendless. A 
farm community is usually much more friendly than a 
city community, and one who is busy alone need not 
be lonely. 

Chemists Seldom Leave the Profession. Finally, the 
test of a vocation is the satisfaction it brings to those 
who work in it. A chemist does not need to oppose 
any other person. His only purpose is to make the 
power and material furnished by nature more readily 
available to all. He is sometimes said to be engaged 
in a conquest of nature. Even that is not true. When 
one discovers a new bounty such as nuclear energy, 
that operation is no more a conquest than finding the 
new home of a friend who has invited him to a Christ- 
mas dinner. The laws of nature which one discovers 
by research are not hidden, now in one place then in 
another, They are not camouflaged, or concealed or 
muted and dimmed when we approach them. The 
laws of nature flash before us as bright as the sun, 
speak to us in tones as deep as thunder or as soft as 
the radiations from interstellar space. Nature flaunts 
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before us constantly the clues to new truth, sets guide- 
posts to more knowledge, and invites us to look, listen, 
investigate, and understand. One who can see and 
hear a little of nature’s message does not regret the time 
required for his preparation or the effort he has spent in 
research. One only deplores the shortness of the time 
he has to respond to nature’s messages and spend with 
the others who have also heard them, the lack of energy 
to travel faster, and the absence of facilities to enable 
the better reception and interpretation of the messages. 
Few chemists leave their profession, though they 
often accept supervisory positions where the operations 
supervised are largely scientific. 


CHEMISTS MUST TELL THEIR OWN STORY 


To meet the demand for chemists, the chemist’s 
story of chemists must be told to high school students 
and to their friends, parents, and teachers. The 
telling must start somewhere. Chemists are the only 
people who know that story and their failure to accept 
this responsibility for telling it will be the cause of 
failure, if the need for chemists is not met. 

Chemists should lead in their own communities. 
Qualified young people must be convinced that chem- 
istry is a desirable profession. Many communities 
need to realize: 


that the high school curriculum should include mathematics, 
languages, and sciences, and that students must learn early in 
their high school career that these are prerequisites required 
for chemistry curricula in college. 

that the habit of mastering subject matter as well as making 
high grades is necessary. 

that while all high school diplomas may secure entrance to col- 
lege, subjects which do not require mental work and promote 
intellectual development will not aid much in passing many 
college courses. 

that teachers of science must be prepared in science. 

that the number of scholarships for undergraduate students in 
chemistry should be increased. 

that science clubs, science fairs, and science talent searches should 
be organized and supported. 

that employers of chemists, and this includes colleges, should 
make their chemists available for service as vocational ad- 
visers, not only as panel members on career days—but as ad- 
visers to any inquiring high school student. 

that the merit badge examiners in chemistry on the Boy Scout 
boards should be the best chemists in the area. The chemist 
who has young friends interested in securing chemical supplies 
is as fortunate as the boys who have an interested chemist as a 
friend. 

that each chemist should maintain a connection with, and an 
interest in the academy of science in his home state. It is 
gratifying to note that 32 states or districts cooperated with 
Science Clubs of America in conducting Science Talent Searches 
in 1958 and that 11 of the 32 directors for these states were 
chemists. 


Chemists are not frowsy, shy, dull, self-centered, 
uninteresting, heartless introverts. They have been 
typed that way. The most effective way to correct 
that false representation and make their profession 
attractive is for chemists to be so active in their own 
communities that this misrepresentation is widely and 
completely disproved. 


THE PHYSICOCHEMICAL ASPECTS OF THE 
SENSE OF TASTE 


GUSTATION AND FOOD FLAVORS 


The sense of taste is a subject of wide academic 
interest, as well as one of popular fascination and 
practical importance. Deep aesthetic enjoyment is 
experienced through the sense of taste, and there are 
even those who live to eat. In recent years, more and 
more food has been processed for its preservation and 
for the convenience of the housewife. For public 
acceptance, the nutrients and, in particular, the flavor 
must be retained. The morale of men in the Armed 
Forces is heavily dependent upon the pleasure they 
derive from eating their food. Consequently, the 
food processing industry and the Quartermaster Corps 
of the Armed Forces are especially concerned about 
the control and modification of food flavors. \ There is 
also a continuous search for better nonfattening sweet- 
ening agents and artificial flavorings. It is interest- 
ing that the only two nonsugar sweetening agents 
permitted on the market by the Food and Drug Admin- 
istration were discovered by accident. These are 
saccharin and sodium cyclohexysulfamate (‘‘Sucaryl’’!). 


CH, 


H.C CH—NH—SO;Na 
(or calcium salt) 


Saccharin “Sucaryl”’ 


There is another important reason for studying the 
sense of taste: something may be learned about the 
way chemicals stimulate biological activity. One of 
the factors which makes it difficult to correlate phys- 
iological actions of medicinals with their chemical 
constitution is that the place of administration of 
drugs (orally or by injection) is usually far from the 
site of biological action. A drug may have to go 
through several processes (i.e., pass from aqueous to 
lipoid media or vice versa, dissociate, hydrolyze, pene- 
trate a semipermeable membrane, etc.) and the critical 
step determining the applicability of a given drug is 
very difficult to discern, if at all (1). Hence, most 
effective drugs are discovered by a modified “‘test-and- 
see’ method. However, the site of taste stimulation 
is easily accessible (the tongue) and sapid substances 
merely have to be in aqueous solution to elicit the 
physiological response of taste. Hence, in trying to 
understand how chemicals induce physiological activ- 
ity, it is advantageous to study the sense of taste. 
It can be seen, then, that there are aesthetic, military, 


1 Registered trademark, Abbott Laboratories. 
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commercial, and academic reasons for learning :s 
much as possible about the sense of taste. 

The acceptance of food depends upon its texture, 
odor, and taste. Appearance must be added as a 
criterion too, because green steak or purple potatoes 
would have no appeal unless the public could be so 
conditioned. The volatile flavor-substances in foods 
stimulate olfactory and gustatory sensations, whereas 
nonvolatile substances such as sugar and salt stimulate 
only taste receptors. Contrary to popular belief, 
people without a sense of smell can still taste, although . 
their taste perception is modified and reduced (2). 

The isolation and identification of substances re- 
sponsible for food flavors may require hundreds of 
pounds of natural foods in order to obtain a few grams 
or milligrams of flavor components. The nonvolatile 
substances consist of sugars, hydroxy and amino acids, 
a few complex organic compounds, and salts. The 
volatile fractions usually contain aliphatic acids, 
aldehydes, ketones, esters, alcohols, amines, and a 
few sulfur-containing compounds. In order to mini- 
mize structural changes of the initial constituents, 
isolations are carried out at low temperatures and 
‘pressures, although some substances may be isolated 
by steam distillation or liquid extraction (29). As 
in other areas, vapor chromatography has been ex- 
tremely helpful in separating and purifying flavor-com- 
pounds. The mixtures are normally quite complex. 
For instance, vacuum distillation of roasted, dry 
coffee will yield a heat-labile, yellow oil from which 
more than 70 substances have been isolated.? Vapor 
chromatography has revealed the presence of over 
30 constituents in strawberry oil (3). 

The immediate question is: Can the flavors of 
natural foods be reproduced by mixing substances 
found in food flavor analyses? Yes, some flavors can 
be reconstructed, but usually there is only partial 
resemblance, no matter how pleasant the synthetic 
flavor may be. Sometimes the analysis for flavor-com- 
ponents does not give the true picture. Some of the 
natural constitutents may have suffered hydrolysis 
or oxidation during the isolation process. For exam))le, 
dimethyl sulfide has been isolated from the vola ile 
components of cooked cabbage, cauliflower, or bivc- 
coli. However, it has been shown that the dimet/y! 
sulfide is a decomposition product of the L-S-met!:yl- 


2 None of the compounds had a coffee odor, although fur! ryl 
mercaptan, C,H;0—CH.SH, which has an obtrusive odor, ‘id 
resemble the aroma of coffee when highly diluted. Only by re- 
combining over 40 of the compounds could a mixture be obtai ed 
whose odor approached that of coffee. The mercaptans are })"¢s- 
ent in the coffee as thioacetals of carbonyl compounds (20). 
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cysteine sulfoxide present in these foods. Similarly, 
al ylisothiocyanate has been isolated from fresh cab- 
bage, but it is believed to be present in the form of 
it. thioglucoside. 

On the basis of this flavor-precursor notion, enzymes 
have been found which can convert flavor-precursors 
inio the natural flavor of the food (4). The enzymes, 
called flavorese enzymes, are obtained from the fresh 
food or biologically related foods. When added to a 
dehydrated food which is rather tasteless, the natural 
food flavor is restored. Many foods, such as peas, 
pineapples, carrots, ete., which undergo flavor changes 
or losses during processing can be made to taste iden- 
tical with the fresh food. 

There are two fundamental aspects of the sense of 
taste to be explored. One object is to discover the 
molecular properties of a substance which are re- 
sponsible for its characteristic taste. The other goal 
is to learn the mechanism by which contact on the 
tongue is transformed into a nerve impulse to be sensed 
as taste. We feel things with our fingers but we do 
not detect a taste from this contact. On the other 
hand, we can feel things on our tongues which have 
little or no taste. Hence, there is a unique process at 
the tongue by which we are able to taste substances, 
and substances must have certain molecular prop- 
erties to have a ‘“‘taste.”’ Scientists of several dis- 
ciplines—chemists, physicists, physiologists, psy- 
chologists—have been studying the sense of taste for 
many years. Some scientists focus their investi- 
gations on the physiological mechanism of taste per- 
ception, others study individual taste preferences and 
subjective effects on the taste sense, and still others 
attempt to relate chemical and physical properties of 
substances to their tastes. In order to understand 
the significance of various experiments and theories on 
the sense of taste, the physiology of the taste organ 
will first be described briefly. 


THE TASTE ORGAN (5) 


Physiology. Distributed about the tongue are tiny 
mounds called papillae, each surrounded by a moat 
(Figure 1). The papillae are of three or four dif- 
ferent general shapes but have the same functional 
architecture. Glands secrete a watery fluid into the 


x 


moat, possibly to flush the moat or to prepare the 
surface of taste receptors for new stimuli. In the 
wall: of each moat are embedded taste buds. The 
total number of taste buds decreases with age. In 
children, taste buds are found on the tongue, on the 
insides of the cheeks, and on the epiglottis and larynx. 
In adults, they are located chiefly on the upper portion 
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Figure 2. Details of a Taste Bud 


of the tongue and number about 9000. Within each 
taste bud are a number of elongated cells which end 
in filaments protruding out of the taste bud pore 
(Figure 2). Histochemical studies show the presence 
of certain enzymes in various parts of the taste organ 
(6). For example, the following enzymes are some 
of those found in rabbits: 


Taste bud cell Taste bud pores 

Hexosediphos- Hexosediphos- 
phatase phatase 

Acid phosphatase Acid phosphatase 

3- and 5-Nucleo- 3- and 5-Nucleo- 
tidase tidase 

Esterase Esterase 

Adenosine triphos- Glycerophosphatase 
phatase Adenosine triphos- 

phatase 


Taste bud hairs 
Hexosediphosphatase 


3-Nucleotidase 
Esterase 


Glycerophosphatase 


Taste innervation is very complex. There are 
three nerve cables serving the tongue, and they inter- 
communicate through fine branches near their roots, 
some of which enter the taste buds. These nerve cables 
contain touch, temperature, and pain fibers as well as 
taste-sensitive fibers. Hence, it is very difficult to 
trace taste messages to the brain in man. For this 
and other reasons, most electrophysiological studies 
on taste have been with animals (rats, cats, etc.) 
whose nerve network is much more simple (27). 

Like all other senses, the tongue soon gets adapted 
to a given taste upon continued stimulation. The 
sensory apparatus becomes fatigued, but after a suf- 
ficient rest it regains its sensitivity. It has been 
said jokingly that Wisconsin cheese-tasters are aware 
of this and take a sip of whiskey after each sample in 
order to restore the keenness of the tongue. 


Warning! 


The reader is reminded that most of the substances 
mentioned in this article, including salts, are toxic— 
and some extremely so. In the absence of any spe- 
cific information, all compounds should be regarded 
as being poisonous. If a trace of solid or a solution 
is tasted, the mouth should be rinsed afterwards 
several times before swallowing. 
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Taste Qualities. It is generally accepted that there 
are four basic qualities of taste: sweet, sour, salty, and 
bitter. The sweet taste is most readily sensed at the 
tip of the tongue, the bitter taste at the back, the 
sour taste at the edge, and the salty taste along the 
tip and edge (Figure 3). From experience, it is known 


Figure 3. The Taste Quality Regions of the Tongue 


that the sour and salty tastes are stimulated by acids 
and salts, respectively. Bitter and sweet tastes are 
found among substances varying widely in structure. 
Essentially all acids are sour. The common acidic 
agent in aqueous media is the hydronium ion and 
although the sourness of solutions increases with 
acidity of the solution, the variation depends upon the 
source of hydronium ions. Mineral acids such as 
sulfuric and hydrochloric cannot be distinguished 
by taste and their sourness is inversely proportional 
to the pH of the solution. Organic acids and their 
anions have distinct tastes and may be more sour than 
expected from the pH of their solutions (ref. (5), p. 
296; ref. (9), p. 132 ff). Some acids are both sour 
and bitter such as picric acid, and some are sour and 
sweet such as citric acid. 

The typical salty taste is that of table salt. The 
tastes of salts depend on the anion and the cation, 
but not all salts are salty. For illustration: 


LiBr Lil NaNO; 
NaBr Nal KNO; 
N H,Br NaSO, 


Salty and bitter 


Bitter 
CsCl 


Sweet 
Lead acetate 


Beryllium acetate 
A strict relationship between the taste and properties 
of these salts is obscure. There is a trend from salty to 
bitter taste with increasing molecular weight, and there 
is a trend in effectiveness of taste stimulation with 
ionic mobilities, although in each sequence there are 


exceptions. Since all salts do not taste the same, ; 
is obvious that they stimulate receptors other th: ) 
“salty”? receptors. The same conclusion can 
reached regarding acids: they stimulate sites oth + 
than the “sour” receptor end-organs. Furthermo) 
the saltiness of sodium chloride, for example, is ».- 
duced by sugars or heat, but increased by acids. 

The bitter taste is found in most magnesium sa\/s, 
most alkaloids, many amines, and in a variety of 
organic compounds. Except for the acids, which ;:re 
usually sour, most organic compounds are either swe:t, 
bitter, or tasteless. The sweet taste is found in » 
wide variety of organic substances, and in spite of 
many, many attempts by different investigators, 10 
widely applicable relationship between structure sid 
taste has been found (see following: Physicochemical 
Studies). Monosodium glutamate (‘‘Accent’’) has 
a strong meat flavor and is used to improve the flay or 
of many types of foods, including meats, seafoods, and 
most vegetables. It is ineffective on fruits and some 
dairy products. Solid monosodium glutamate _ is 
sweet and salty but dilute solutions have a trace of «ll 
four tastes. 

As one might expect, there are differences in t:sie 
sensitivity between species. For example, sodium 
chloride is much more effective than potassium chloride 
in producing a stimulation in the rat but potassium 
chloride is the more effective in the cat and rabbit. 
Furthermore, differences exist within any one species. 
This is very obvious from the wide variation in our 
individual taste preferences.* It is very strikingly 
illustrated with phenylthiocarbamide, called PTC. 


Phenylthiocarbamide (‘““PTC’’) 


To 10%-30% of the population, PTC is tasteless, 
whereas 70%-90% find it extremely bitter (2/).' 
This dual taste is found in many but not all compounds 


| 
having an —NH—C=S group in their structures (7). 
Other substances such as creatine, mannose, and so- 
dium benzoate also divide people on the basis of their 
taste responses, but the classifications are not confined 
just to two groups.® 


3 This is just one of the many individual differences that the 
“normal” person exhibits as discussed by Roger J. Williams, past 
president of the American Chemical Society (25). 

4 A certain Malayan youth was able to discriminate a 6.5 X 
10-*M PTC solution from water, whereas two Malayan women 
could not taste even a solution 2% times stronger (23). It lias 
been reported (22) that a “taster” can taste PTC when it is ‘lis- 
solved in his own saliva but not when in a “‘nontaster’s” saliva, 
and not on his dry tongue. 

5 An interesting ramification of this was attempted by A. |. 
Fox of Colgate-Palmolive. Sodium benzoate which is swt, 
sour, bitter, salty, or tasteless, depending on the individ al, 
divides each of the PTC groups into five subgroups, Ten c!::-si- 
fications are possible, but Fox found 76% of 1000 subjects «s- 
amined to fall into four of the combinations. Then Fox te-‘ed 
several food preferences of these four groups and found a cer «in 
resemblance in their likes and dislikes. On this basis, Fox - \g- 
gested that when a new food or beverage is brought out ‘or 
sampling, it should be tested on people belonging to these ‘ur 
major taste-groups. However, see the opposing view of F. F. 
Hoover of Wise Potato Chip (30). 
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Llectrophysiological Studies (8, 27). The use of 
electronic equipment makes it possible to record and 
amplify nerve impulses in nerve fibers at points be- 
tween the receptor cells and the brain. The com- 
plexity of the human nerve network has restricted 
most of these studies to animals such as cats, rats, 
dogs, hamsters, and guinea pigs. The general picture 
is that a gustatory stimulation acts upon the receptor 
filament or cell, producing changes at or within the 
cell membrane. A nerve fiber is a very poor electrical 
conductor when conducting as a copper wire conducts. 
Yet, it can transmit a small current at the rate of 1-100 
meters per second. This is possible only if energy 
is available for propagation and is released point by 
point as the impulse proceeds. Nerve cells act like 
tiny batteries, with a potential difference across the 
cell membrane. One theory proposes that a taste 
stimulus brings about a depolarization of the nerve 
fiber ending. This local depolarization then affects 


the adjacent region of the nerve fiber and thereby a 
wave of depolarization changes moves along the nerve 
fiber. Each nerve section recharges after 0.5 to 2 
milliseconds, ready to transmit another impulse. 
These impulses may be recorded, and are called ‘“‘spikes”’ 
on an oscillograph record. A certain level of elec- 
trical activity is always observed when the receptor 
cell is “at rest’’, which is fairly constant in a given 
nerve fiber. Taste stimulation of the receptor site 
produces a change in frequency and amplitude of 
nerve impulses. An integrated record can be made 
for a quantitative measure of receptor stimulation. 

The bioelectric potential is due to an ion concen- 
tration difference on the two sides of the semiper- 
meable cell wall. The concentration of sodium ions 
is much higher in the fluid outside than inside the 
nerve fiber, and the reverse is true for potassium ions. 
A sudden increase in sodium permeability through the 
cell wall allows sodium ions to pass through and this 
quickly depolarizes the cell. 


PHYSICOCHEMICAL STUDIES 


Structure-Taste Correlations. Many many _at- 
tempts i:ave been made to account for the tastes of 
substances in terms of their chemical structures. 
Several limited correlations have been reported (9) 
but no rigid, widely applicable theory has evolved. 
For example, generalizations such as the following 
have been found: 

(1) Polyhydroxy and polyhalogenated aliphatics 
are usually sweet, e.g., glycerol, sugars, and chloro- 
form. 

(2) Upon ascending a homologus series, taste us- 
ually disappears along with water solubility. 

(3) Free bases are usually bitter, particularly alka- 
loids. 

(4) Some aldehydes but rarely ketones are sweet. 

(5) Symmetry often leads to bitterness or destroys 
the sweet taste: 


N(CH, ): 


\! 
O 


Very sweet 


But, 


But, 


LOX ~~ NA / 
HN | | NH | NH 
\go/ Neo” ‘Cc 


Very bitter Weakly bitter 


OC.H,; 
Tasteless 


(6) Introduction of a phenyl group frequently 
makes sweet compounds become bitter or tasteless, 


e.g.: 


Sweet Bitter 


CH;—CHOH—CH,0OH C.H;—-CHOH—CH,0H 
CH;—CHOH—CHOH—CH,0OH 
HOCH.—CHOH—CH,OH 
H—CONH—CH; H—CONH—C,Hs 

Bitterish Bitter (C:Hs 


Methy] glucoside Phenylglucoside and benzylglucoside 
c 


y A. 
sweet, 
ivid ral, 
- On the other hand, there are exceptions to each of these 
: tested generalizations, and often the introduction of a given 
ceriain } functional group into different structures produces 
ae cup opposite effects on their tastes. This has made it 
See s0ax® difficult to discern any invariant structure-taste re- 
fE. F. a lationships (9, 26). A few examples can be given 
here (pp. 440-41.) 


*X = Sucrose asa standard = 1. 
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Not all sugars are sweet and even anomers may have widely 


different tastes: 


Isomaltose, sweet 
(6-a-p-Glucopyranosyl-p- 


Gentiobiose, bitter 
(6-8-p-Glucopyranosy]-p- 


glucose ) 
Methylation: 


Produces sweetness 


NHCONH: NHCONH: 


NHCONH, NCONH: 


Hs 
91X >91X 


H.N—CONH, H:N—CON(CHs)2 
Bitter Sweet 


H.N—(CH:);—COOH CH;NH—(CH,);—COOH 
Not sweet Sweetish 


Introduction of OH groups: 


Increases sweetness Decreases sweetness 


CH.OH 
CH; buon CH; CH,OH 
H: Hz 


NHCONH, NHCONH: 
Sweet Sweeter 


Introduction of alkoxyl group: 


Increases sweetness 
NHCONH:; 


OC:H; 
91X 


¢_S-cn 


Not Sweet : Sweet 


Destroys sweetness 


‘) fOr 
| NH 
c.H,0% \g0,% 


Not Sweet 


COOH 
OH 


H; 


Sweetish 


Methylation: 


Destroys sweetness 
NHCONH:, NHCONH, 


CH; 


OC.H; 
Not sweet 


O 


SO, 
Tasteless 


ACH: 


Sweet Not sweet 
C.sHiNHSO;Na CsHi.NCH;SO;Na 
‘ ‘Sucaryl’ 
33.8X Not sweet 


Are not swee! 
OC.H; OC 


NHCONH, H 
bu { 
NHCONH; NO: 


Sweet Sweet Tasteiess 
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| H-C-o— 
H OH Co 
H_¢_oH | H_¢_OH 
Bitter Sweet 91X 
| NH 
q 
OH 
\ 


H; 


NO; 
aste less 


ATION 


If A—H is sweet, A—A may not be sweet: 
H,N CH; H.N CH.—CH: NH: 
A O.N ‘Yo, 
298X6 Tasteless 


Minor structural changes produce marked changes in taste. 


ties. Certain properties which are thought to be 
factors affecting the taste characteristics of a sub- 
stance have been studied. For example, the surface 
tension of solutions of substances could affect their 
penetration into taste bud pores or alter the perme- 
ability of the taste bud cells and thereby affect their 
tastes. Or, since all compounds having a sweet taste 
have structures which may 
form hydrogen bonds with 


Nitropheny]-aliphatic acid urea derivatives water, it is conceivably 


COOH One more CH; 


\ 


Ortho isomer 


S for O / 350X 


possible that the degree of 
association with water may 
be a factor. Then again, 
in view of the fact that en- 
zymes take part in all bio- 
logical processes, it is quite 
probable that enzymes 
participate in taste stimula- 
tion at some stage near the 
initial act of excitation. 
If this should involve a 
redox enzyme system, the 
ease of reduction or oxi- 


Not sweet 


Very sweet \no, Not sweet dation of a compound may 
m-Nitroaniline derivatives have a’bearing on its taste. 

OCH.CH.CH; Occasionally in studies of 

Exchange positions NO. Tasteless such physical properties, 

of NH; and NO; 0 vt limited trends are observed 

but no widely applicable 

NH: generalization has ever 
OCH,CH,CH; OCH.CH.CH; been found. For instance, 

NH, : NO» both the half-wave reduc- 

hy | Bitter tion potentials and the rel- 

N ative sweetnesses of the 

0: NO; four monosaccharides fruc- 

ann tose, glucose, galactose, and 
compound . SCH.CH.CH; mannose decrease in that 
reported) ~*~, 8 for O NH, order. However, the rela- 
bh Tasteless tionship fails when other 

compounds are _ included. 

NO; For illustration, re- 

lationship is found between the relative sweetness of 

Oximes the compounds listed in Table 1 and their surface 


p-Nitrobenzaldoxime f isomers sweet 

Anisaldoxime } B isomers tasteless 
CH.—CH 
CH. 

CH OH 
anti isomer syn isomer 
2000.X¢ not sweet 


Perillaldoxime 


It is apparent that a relationship between taste and 
chemical structure is very elusive. However, it has 
always been a fascinating challenge to attract the 
Interest of many chemists. Since a large variety of 
structures have been studied, the need now is not to 
ascertain the tastes of new compounds, but rather to 
determine the critical molecular properties of com- 
pounds which are responsible for their tastes and to 
ip the mechanism through which they elicit their 
astes, 

Taste-Physical Property Correlations. Several in- 
vestigators have attempted to explain the tastes of 
compounds in terms of one or more physical proper- 
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tensions, half-wave reduction potentials, degree of 
association with water, or any combination of these 
properties. 

Theories have been proposed to explain tastes from 
the standpoint of cell physiology. For example, the 
cell membrane has been regarded as a balanced emul- 
sion system of water-in-oil and oil-in-water types. 
Taste was believed to result from the adsorption and 
surface tension action of substances on this system 
(10) and the consequent changes in cell membrane per- 
meability due to changes in the phase ratio of the 
emulsion types (/1). Later, it was proposed that 
the structures of compounds control their solubility and 
permeability in cellular solvents, which determines 
their thermodynamic activity and thereby their tastes. 
The thermodynamic activity was taken as the ratio 
of their active concentration to their solubility (12). 
These approaches have not been successful. 

Certain quantitative work has suggested that a 
physical process is involved in the critical step of 
taste stimulation, and some have regarded this proc- 
ess to be adsorption. For example, the sweetness 
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Not all sugars are sweet and even anomers may have widely 


different tastes: 


| 
CH;—0 ——- 
Isomaltose, sweet 
(6-a-p-Glucopyranosyl-p- 


Gentiobiose, bitter 
(6-8-p-Glucopyranosy]-p- 


glucose ) 
Methylation: 


Produces sweetness 
NHCONH, NHCONH, 


NHCONH, NCONH; 
Hs 
91X >91X 


H.N—CONH: H:N—CON(CHs)s 
Bitter Sweet 


H.N—(CH:);—COOH CH;NH—(CH:);—COOH 
Not sweet Sweetish 


Introduction of OH groups: 
Increases sweetness 
CH; CH.OH 
HOH 


H, H, 


| 
O 


NHCONH, NHCONH,. NHCONH, 
Sweet Sweeter 


Introduction of alkoxyl group: 


Increases sweetness 
NHCONH: 


Not Sweet 


Destroys sweetness 


NH 
c.H,07 
Not Sweet 


COOH 
OH 


ICH; 


Sweetish Bitter 


Methylation: 


Destroys sweetness 
NHCONH: NHCONH, 


CH; 


OC:H; 
Not sweet 


O 


SO, 
Tasteless 


ACH: 


Sweet Not sweet 


C.HyN HSO;Na 
“Sucaryl’”’ 
33.8X Not sweet 


Are not 
OC:H; 
H 


\ 
NHCONH, 


Sweet Sweet Tas'cless 


NHCONH, H 
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If A—H is sweet, A—A may not be sweet: 
H.N CH:—CH, NH, 
O.N NO, 
Tasteless 


Minor structural changes produce marked changes in taste. 


Nitrophenyl-aliphatic acid urea derivatives 
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/ One more CH: 


ties. Certain properties which are thought to be 
factors affecting the taste characteristics of a sub- 
stance have been studied. For example, the surface 
tension of solutions of substances could affect their 
penetration into taste bud pores or alter the perme- 
ability of the taste bud cells and thereby affect their 
tastes. Or, since all compounds having a sweet taste 
have structures which may 
form hydrogen bonds with 
water, it is conceivably 
possible that the degree of 
association with water may 
be a factor. Then again, 
in view of the fact that en- 
zymes take part in all bio- 
logical processes, it is quite 
probable that enzymes 
participate in taste stimula- 
tion at some stage near the 
initial act of excitation. 
If this should involve a 
redox enzyme system, the 


Not sweet 


Very sweet NNO, 


Not sweet 
J 
m-Nitroaniline derivatives 


OCH.CH:CH; 
xchange itions 7 

of NH, and NO; saint 

4 NH: 


OCH.CH.CH; OCH:CH.CH; 
NH, 


Tasteless 


ease of reduction or oxi- 
dation of a compound may 
have a’bearing on its taste. 
Occasionally in studies of 
such physical properties, 
limited trends are observed 
but no widely applicable 
generalization has ever 
been found. For instance, 
both the half-wave reduc- 


NO; 


SCH.CH,CH; 


Oximes 
p-Nitrobenzaldoxime isomers sweet 
Anisaldoxime isomers tasteless 


CH,—CH 

CH 

CH: OH 

syn isomer 

not sweet 


Perillaldoxime 


anti isomer 
2000.X* 


It is apparent that a relationship between taste and 
chemical structure is very elusive. However, it has 
always been a fascinating challenge to attract the 


interest of many chemists. Since a large variety of. 


structures have been studied, the need now is not to 
asceriin the tastes of new compounds, but rather to 
determine the critical molecular properties of com- 
pounds which are responsible for their tastes and to 
= the mechanism through which they elicit their 

es 

Tasie-Physical Property Correlations. Several in- 
Vestig:tors have attempted to explain the tastes of 
compounds in terms of one or more physical proper- 
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Replace NH by NO, NO: Bitter 


Tasteless 


tion potentials and the rel- 
ative sweetnesses of the 
four monosaccharides fruc- 
tose, glucose, galactose, and 
mannose decrease in that 
order. However, the rela- 
tionship fails when other 
compounds are included. 
For illustration, re- 
lationship is found between the relative sweetness of 
the compounds listed in Table 1 and their surface 
tensions, half-wave reduction potentials, degree of 
association with water, or any combination of these 
properties. 

Theories have been proposed to explain tastes from 
the standpoint of cell physiology. For example, the 
cell membrane has been regarded as a balanced emul- 
sion system of water-in-oil and oil-in-water types. 
Taste was believed to result from the adsorption and 
surface tension action of substances on this system 
(10) and the consequent changes in cell membrane per- 
meability due to changes in the phase ratio of the 
emulsion types (//). Later, it was proposed that 
the structures of compounds control their solubility and 
permeability in cellular solvents, which determines 
their thermodynamic activity and thereby their tastes. 
The thermodynamic activity was taken as the ratio 
of their active concentration to their solubility (/2). 
These approaches have not been successful. 

Certain quantitative work has suggested that a 
physical process is involved in the critical step of 
taste stimulation, and some have regarded this proc- 
ess to be adsorption. For example, the sweetness 
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TABLE 1 
Relative Sweetness and Certain Physical Properties of Some Compounds* 


Relative 
sweetness 
(sucrose = 1.0) 


Surface tension 
of 10-*M solution 
pH = 6.8 at 37°C. 
(dynes/cm.) 


Wet-melting point 
depression” 


(volts) 


714 


Tasteless 


Tasteless 


—0.33 63.7 10 


—0.42 


* Fercuson, L. N., Final Report on Contract No. DA19-129-qm-811 to the Quartermaster Food Container Institute, Research and 
Engineering Command, U.S. Army, Natick, Mass., June, 1958. Some of these properties have been studied by previous investigators, 
but this is the only case where all of the properties have been measured on the same set of compounds whose tastes were evaluated by the 


same taste panel. 


> The wet-melting point depression is a method of detecting intermolecular hydrogen bonding (association) when intramolecular hy- 


drogen bonding may also occur (24). 


and concentration of sugars are related by equation 
(1), where S denotes sweetness, ¢ is concentration, 


S = Ke™ (1) 


and K and m are constants (13). This is essentially 
the Freundlich equation used to express adsorption from 
solution on solid surfaces. In some electrophysio- 
logical studies on the taste nerve fiber of rats, it was 
found among other things that as the concentration 
of a salt stimulus increases, the response rises asymp- 
totically to a maximum level (/4). On the assump- 
tion that the interaction between the stimulus and the 
chemoreceptor of the taste organ obeys the law of mass 
action, the magnitude of response and the concen- 
tion of the stimulas are related by the adsorption-type 
equation (2). 
R 
Ke = apap (2) 

This can be rearranged to c/R = c/Rm + 1/KRn 
where 

K = equilibrium constant between the stimulus and the 

chemoreceptor 
c = concentration of applied stimulus 


R = magnitude of nerve fiber response 
R» = maximum response obtainable for a given substance 


A plot of c/R versus c for the data yields a straight 
line. From the slope, equal to 1/Rm, and the inter- 
cept at c = 0, one may calculate the equilibrium con- 
stant. Then, from the relationship AF = —RT In K, 
values of AF were computed to be as follows (14): 

Sodium chloride —1.37 keal./mole 

Sodium formate —1.32 

Sodium acetate —1.29 

Sodium propionate —1.22 

Sodium —1.23 
The low values of AF suggest that physical rather 
than chemical forces are involved in the critical step 
of taste stimulation, which could be adsorption. 


It is found that geometric and even optical isomers 
may have different tastes. For example, the different 
tastes of anti and syn isomers of oximes, and of the 
a and disaccharides isomaltose and gentiobiose 
have already been cited. p-a-Amino acids are usu- 
ally sweet whereas the natural L isomers are flat to 
bitter. 

Isoleucine: d( —) sweet; bitter 

Valine: d( —) sweet; (+) flat to bitter 

Leucine: d(+) very sweet; J(—) flat to bitter 

Histidine: d(+) sweet; l( —) flat to bitter 
Consequently, the spatial configuration of a compound 
may have a critical effect upon its taste. For this 
reason and because of the possible role of adsorption as 
revealed by the studies with sugar solutions and salts, 
it has been believed that adsorption on some stereo- 
specific surface of the taste organ is the initial or sig- 
nificant act in the sequence of steps involved in taste 
stimulation. The stereospecific surface may be that of 
an enzyme. This hypothesis has been tested by 
measuring the adsorption of sweet and nonsweet 
isomeric pairs of compounds on various surfaces such 
as charcoal, cut human hair, and tongue surfaces. 
So far, no significant evidence in support of the idea 
has been obtained (28). 

Other work has suggested a possible role of stereo- 
specific interactions in taste stimulation. It has been 
found that the common blow fly has chemorecepi.'s 
at the ends of hairs located on his legs and lips. (ly 
the tips of the hairs are sensitive to chemical stim\:':- 
tion. Each hair has two receptors. One receptor 'e- 
sponds to polyhydroxy compounds and water, «nd 
stimulation makes the fly extend the snout (probos's) 
and drink. The other receptor can be stimulated hy a 
large variety of organic and inorganic substances, and 
its stimulation results in a withdrawal of the probos«'s, 
or, if already retracted, inhibiting extension (15). |e 
acceptance receptor is highly selective. Thus, 
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NH: 
167 -0.43 57.5 10.5 
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Fructose 1.15 —1.86 60.8 1 
oo Sucrose 1.00 —0.85 62.0 t 
Glucose 0.64 —1.56 55.4 78 t 
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(1) Only cyclic polyhydroxy compounds cause stimulation— 
inositol, sugars, sugar derivatives, etc. 

(2) The spatial configuration of the stimulant is important. 
For example, a-p-methylglucoside is stimulating, 6-p-methyl- 
glucoside is not. The effect is not always all-or-none, however. 
p-Glucose is four times as effective as p-galactose, p-arabinose is 
four times as effective as the L isomer, and p-fructose is 23 times 
as effective as D-glucose. In general, the a-form of a sugar is a 
more effective stimulant than the 6-form. 

(3) The most effective carbohydrate stimuli are pentoses, 
hexoses, and compound sugars having an a-p-glucopyranosy] link, 
eg., maltose (1, 4), turanose (1, 3), and sucrose (1, 1) are stimu- 
lating sugars; whereas, lactose (1, 4) and melebiose (1, 6) which 
lack an a@-link are nonstimulating. 

(4) Up to certain limits, it is not the size of the molecule that 
is critical, but the stereoconfiguration at certain points within 
the molecule. For instance, the acceptance thresholds are essen- 
tially the same for the pentose fucose, the hexose glucose, the 
disaccharide trehalose, and the trisaccharide melezitose. Poly- 
saccharides such as glycogen are nonstimulating. 


It appears that this stereospecificity of chemorecep- 
tion occurs for the sense of smell too. In a study of 
olfaction, it has been reported that the odors of over 
800 compounds can be classified on a basis of their 
having molecular shapes and electronic character 
which match one or more of seven primary odor receptor 
sites (16). For example, “globular” molecules like 
camphor, benzenehexachloride, and hexachloroeth- 
ane have a camphoraceous odor. Some molecules 
may fit two or more different sites and thus give rise to 
complex odors. 

In this connection, the senses of taste and odor 
resemble other types of physiological responses and are 
subject to the “lock and key” notion of biological 
activity. This concept has been useful for explaining 
the activity of certain drugs and accounts for the 
observation that diverse classes of compounds may 
have similar biological activities. It is found that 
the active portion of such molecules usually have a 
resemblance in overt spatial shape and charge dis- 
tribution. For example, it has been shown that the 
structures of several substances having morphine-like 
action are quite different when drawn on a plane. 
However, in the three-dimensional models of the 
compounds, there can be found an N-methylpiperidine 
system (17). In another example, it has been shown 
that the intensity of action of common parasympa- 
thetic stimulants is related to the size of the cationic 
head and the length of the tail R in molecules of the type 
R-G* (18). The most powerful drugs have five atoms 
in R and the size of G* is close to that of —N+(CHs)s. 
It is not necessary that the whole molecule fit the 
receptor site to elicit the biological response. Only 
the ‘active portion” must fit the major portion of the 
receptor site. The rest of the molecule may affect the 
shape of the active portion and thereby partially 
affect the degree of complementariness between the 
stimulus molecule and the receptor site. For instance, 
in the previously discussed work on flies, certain pen- 
toses, hexoses, mono-, di-, and trisaccharides were 
found to have approximately the same stimulating 
effect, provided they have the a-p-glucopyransoyl 
Struci ure. 

An excellent application of this “lock and key” 
concept is found in the development of a-pyridine 
aldoxime methiodide (PAM) as an antidote for the 
highly toxie nerve poisons and certain insecticides. 
It was reasoned, after several years of exploratory 
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work, that a good antidote would be one having the 
nucleophilic hydroxylamine group attached to a 
molecule at a certain distance from a quaternary 
nitrogen atom. Such a compound, PAM, was de- 
signed, prepared, tested, and found to be 100% ef- 
fective against the alkyl phosphates, which are the 
most powerful chemical warfare agents (19). 


a-Pyridine aldoxime methiodide ‘“‘PAM”’ 


CONCLUSION 


It has been shown that the relationship of the 
structure or physical properties of a substance to its 
taste are very obscure. Nevertheless, a chemist can- 
not escape the belief that taste, as well as other phys- 
iological responses, will eventually be understood in 
terms of the molecular properties of substances. This 
will require a better knowledge of the nature of the 
taste chemoreceptors and of the mechanism of taste 
stimulation. Since the site of taste stimulation is 
easily accessible, studies on the sense of taste provide 
an avenue for learning more about the mechanism of 
physiological activity from chemicals in general and 
the mode of drug action. In this connection, studies 
are underway to examine differences shown by tastable 
and tasteless compounds in their chemical and phys- 
ical interaction towards various parts of the taste 
organ. 
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TEXTBOOK ERRORS: 


Maxy contemporary textbooks? and laboratory man- 
uals in organic chemistry either state explicitly or 
imply that bromine adds much faster to acetylenes than 
to olefins. Some authors consider the triple bond of 
acetylenes more unsaturated’ than the double bond of 
olefins and hence attribute greater reactivity to 
acetylenes.‘ Often the reaction with bromine is 
recommended as a qualitative test for both ethylenic 
and acetylenic unsaturation. 

Contrary to this popular belief, alkynes in fact react 
very slowly with bromine, especially when compared to 
the readiness with which alkenes undergo a similar re- 
action. 

We have found that acetylene (generated from 
calcium carbide) did not discharge the brown color of 
bromine, either from bromine water or from a 5% 
solution of bromine in carbon tetrachloride, whereas 
ethylene decolorized the test solutions instantaneously. 
Other acetylenic compounds, such as phenylacetylene, 
propargyl alcohol, acetylenedicarboxylic acid, 2-butyne- 
1,4-diol, and 3-methyl-3-hydroxy-l-butyne reacted 


! Suggestions of material suitable for this column and guest 
columns suitable for publication directly are eagerly solicited. 
They should be sent with as many details as possible, and par- 
ticularly with references to modern textbooks, to Karol J. Mysels, 
Department of Chemistry, University of Southern California, 
Los Angeles 7, California. 

* Since the purpose of this column is to prevent the spread 
and continuation of errors and not the evaluation of individual 
texts, the source of errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 

8’ Throughout this discussion, the term unsaturation refers 
strictly to the reactivity of a multiple bond, and not to its quan- 
titative behavior. 

‘ A similar situation once existed in the benzene problem. Ben- 
zene, as written by conventional Kekulé structures, with three 
conjugated double bonds, represents a molecule which should add 
bromine avidly—certainly as easily as olefins. [See Kipprne, 
F.8., anp F. B. Kipprrnea, “Organic Chemistry,’’ Revised edition, 
Ww. R. Chambers, Ltd., London, 1943, Part I, p. 355, et ~~ ., fora 
historical review of this subject. | 
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sluggishly with bromine compared to a similar reaction 
of olefins. 

That bromine reacts preferentially with a double 
bond rather than with the triple bond—if a choice 
exists—may be illustrated by the following reported 
reactions (1, 2): 

Br./CCl, 


CHC H—CH,—C=C H 


CH.Br—CHBr—CH,—C=CH 


(90% yield) 
Br:/CHCI; 
—_————» CH. Br—CHBr—C=C_-R 
—8°C. when 
R = CH;: 46% yield 
R = C.H;: 36% yield 
R = n-C;H;: 53% vield 


CH.—CH—C=C—R 


Robertson and his co-workers (3) have compared the 
rates of addition of bromine to alkenes as well as their 
corresponding alkynes and their results are sum- 
marized in the table. Their data clearly show that 
bromine in acetic acid at 25° adds much faster to 
alkenes than to alkynes. 


MECHANISM OF BROMINE ADDITION 
TO UNSATURATED COMPOUNDS 


Alkenes. There is a considerable body of evidence 
which indicates that the polar mechanism for the 
addition of bromine to olefins proceeds by a two stage 
process (4-7): 

(1) The reaction is initiated by an electrophilic attack o:: the 


olefin (I) by the halogen to form a resonance stabilized bromo!:ium 
ion intermediate (II): 


R R 
Br. 


R 


R Br@® R 
—C + Bro 


(I) (II) 
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Alkene Alkyne Rate-ratio* 
CH,(CH,); -CH=CH—(CH,);CO;H 50,000 
cis 4 
HC=C—(CH;),CO.H 9,000 


trans 


* Ratio of the second-order rate constant for the addition of bromine to the alkene to that for the alkyne. 


(2) The reaction is completed by combination of (II) with a 
bromide ion to give (III). 


R Br® R R Br R 

R R R Br R 

(II) (IIT) 


Alkynes. It is misleading to associate greater un- 
saturation (ergo, greater reactivity) with the two r- 
bonds in a triple bond compared to the one z-bond in a 
double bond. This assumption ignores the conclusions 
drawn by Walsh (8) from the far ultraviclet spectrum 
of acetylene. This datum indicates that both 7z- 
electron pairs in acetylene are more tightly bound than 
the single x-electron pair in ethylene—thus inferring 
that the z-electrons in acetylenic molecules are less 
vulnerable to an attack by an electrophilic reagent than 
those in olefins. The extension of this concept to a 
comparison of other reactions of alkynes and alkenes 
with other electrophilic reagents is discussed by Bohl- 
mann (9). 

The intrinsic mechanism of the addition of bromine 
to alkynes has not been established and much specula- 
tion exists on this subject. Robertson et al. (3) 
believed that the addition proceeds similarly to the 
addition to alkenes, viz., initiation by electrophilic 
attack; but he stated that some acetylenic compounds 
may add bromine by a nucleophilic mechanism. In 
neither case was a stepwise mechanism presented. 
Bohlmann (9) also preferred an ionic mechanism, 
initiated by a nucleophilic attack by the bromine mole- 
cule, for the reaction carried out in the absence of 
light. 
Sinn (10a) has advanced arguments for a free radical 
mechanism and reported some preliminary work to 
support such a theory. It was found that alkynes re- 
act exceedingly slowly with bromine in the dark in 
marked contrast with alkenes which react very rapidly 
in the dark. The reaction of alkynes is strongly 


catalyzed by light (9) and inhibited by nitric oxide 
(10b). This is consistent with the general character- 
istics of a free radical mechanism (11). Sinn studied 
the rate of addition of bromine to stilbene (IV), 
tolane (V), p,p’-dinitrostilbene (VI), and p,p’-dini- 
trotolane (VII). 


No; NO. 
Vij 
| 
¢ 
4 ¢ 
ho, NO, 
(Iv) (V) (VI) (VII) 


The reactions were carried out in glacial acetic acid at 
68.5°, and three important conclusions may be drawn 
from Sinn’s work: (1) The data show that the alkyne, 
tolane, reacts much slower than the corresponding 
alkene, stilbene. (2) Furthermore, it was found that 
p,p’-dinitrotolane reacts faster than tolane. Sinn 
pointed out this is best interpreted on the basis of a 
free radical reaction, for it is known that a para nitro 
group enhances such reactions (/2). (3) Sinn also 
demonstrated that p,p’-dinitrostilbene reacted much 
slower than stilbene. If the addition proceeds by an 
electrophilic mechanism, this diminution in rate is 
expected because of the strong electron-withdrawing 
nature of the para nitro group (13). Therefore, it is 
apparent that a tacit extrapolation of the polar mecha- 
nism of alkenes to that of alkynes is untenable. 

Thus, it is clear that alkenes and alkynes of similar 
molecular environment exhibit great differences in 
their reactivity toward bromine. 
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THE REDUCTION OF CARBON DIOXIDE 


Tur great abundance of carbon dioxide in the atmos- 
phere and its ready availability from a vast variety 
of materials on the earth should make it of great 
interest as an organic raw material. It is most com- 
monly formed during the oxidation of carbonaceous 
materials to obtain energy. The reverse of this process, 
that is the transformation of various forms of energy 
with carbon dioxide into chemical potential energy, 
would lead to reduced forms of carbon since carbon 
dioxide displays the highest oxidized state of carbon. 

The reduction of carbon dioxide by plants during 
photosynthesis has long been recognized and has 
been the subject of a vast amount of study (/, 2, 3, 4). 
Effective reduction resulting from addition of organo- 
metallics to carbon dioxide is frequently performed (4). 
Reduction of carbon dioxide to carbon has also been 
known for some time (6) but, at present, this has no 
preparative value. Work on the reduction of carbon 
dioxide to carbon monoxide and subsequent catalytic 
hydrogenation of the latter has led to the development 
of the well-known Fischer-Tropsch synthesis which is 
being used commercially for the preparation of a 
variety of products, including alcohols, aldehydes, 
ketones, fatty acids, and some saturated and unsat- 
urated aliphatic hydrocarbons (7, 8). This review 
will not include these topics because of the voluminous 
and adequate coverage elsewhere and because of the 
complex products obtained. However, a survey of 
the literature shows that a variety of simple products 
have been obtained from carbon dioxide by various 
simple and direct methods of reduction, both inorganic 
chemical and physical. At least five articles deal with 
the reduction to formic acid, six to formaldehyde, 
eleven to methanol, and two to methane. The re- 
ductions to hydrogen cyanide, oxalate, and carbo- 
hydrates have each been reported at least once. A 
large number of articles deal with the reduction to 
carbon monoxide. Chemical reduction has been carried 
out using carbon, catalytic hydrogenation, metals, 
complex metal hydrides, and several miscellaneous 
reagents. Physical reduction has been achieved elec- 
trochemically and under the influence of several types 
of radiation. 

It is the purpose of this paper to review these latter 
studies and to indicate areas for future experimentation. 


REDUCTION BY CARBON 


Much of the early work on the reduction of carbon 
dioxide involved the use of carbon. The reduction of 
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carbon dioxide by carbon yields carbon monoxide in 
allcases. Quinn and Jones, in their American Chemical 
Society monograph (9), review most of the work done 
prior to 1936. Tsukhanova has studied the reduction 
by passing carbon dioxide gas preheated to 600°-7(0° 
through a tube of electrode carbon at 800°-1400° 
(10). These references, outside of the many patents 
in which such reduction is an incidental step, appear to 
cover fairly thoroughly the reduction reaction with 
carbon. 


CATALYTIC HYDROGENATION 


Catalytic hydrogenation has been one of the most 
widely studied methods of reduction of carbon dioxide. 
Carbon monoxide, methane and higher hydrocarbons, 
and alcohols, particularly methanol, have been obtained 
by various catalytic hydrogenation methods. Carbon 
monoxide has been produced over a variety of catalysts 
including carbon, platinum, platinum-iridium alloy, 
copper, copper chromite, and alloys of copper and iron, 
cobalt and iron, and copper, cobalt, and zine (//, /2). 
A patent describes the production of a very pure grade 
of carbon monoxide by the passage of carbon dioxide 
over Group VI metal oxides which have been previously 
reduced by hydrogen (13). The use of alkaline earth 
oxides (14), a mixture of aluminum oxide and molyb- 
denum oxide (/5), and metallic manganese (16) has 
also been reported. Bahr (15) describes the formation 
of methane by the use of a molybdenum oxide-thorium 
oxide catalyst, and paraffin hydrocarbons by an alu- 
minum oxide-molybdenum oxide catalyst. A study 
of the reduction to methane over a nickel-thoria cat:- 
lyst at 350° showed that ethane and ethylene were 
formed and were decomposed to methane (17). ‘The 
conversion of carbon dioxide to higher hydrocarbouis 
at atmospheric pressure has been effected by catalysts 
of cobalt, iron, copper, nickel, aluminum, and thoriwn 
impregnated with potassium carbonate (18). Smuill 
scale (25 millimoles) and high yield (81%-86% based 
on CO.) catalytic reduction of carbon dioxide to me'h- 
anol has been described by Ipatieff and Monroe (/) 
and Tolbert (20). The former used a copper-aluni iii: 
catalyst. Tolbert found optimum conditions at 1\\0 
atmospheres pressure and a temperature of 285° with 
a catalyst of KCu Al,O3. This method requires spe: ial 
equipment and special techniques for the handling 0! 
small amounts of volatile organic compounds. 
14-labeled methanol has been prepared by this method. 
Another method for the preparation of C-labeled 
methanol involves the conversion of carbon dioxide to 
potassium carbonate, which is reduced to potassi'\!0 
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formate by hydrogen in the presence of palladium 
black. The formate is esterified by heating with 
methyl sulfate, and the ester converted into methanol 
by hydrogenolysis at atmospheric pressure over a 
copper-chromite catalyst (21, 22). The over-all yield 
in this method (on a 3.5 millimole scale) is greater than 
73°%, but a 100% dilution with unlabeled material is 
inherent in the method if unlabeled methyl sulfate is 
used. The production of higher alcohols in good 
yield by hydrogenation of carbon dioxide under pres- 
sure in the presence of a catalyst of manganese, iron, 
copper, chromium, cadmium, and their mixtures has 
also been reported (23). 


REDUCTION BY METALS 


Very little work seems to have been done on the 
reduction of carbon dioxide by metals or by the action 
of metals and acid. Carbon dioxide is reduced by 
heating with metals such as aluminum and magnesium 
to carbon (15). The reduction can be controlled in 
some cases such as in the reaction of tin and carbon 
dioxide to yield tin (IV) oxide and carbon monoxide 
(9). By treating carbon dioxide with metallic sodium 
or potassium it is possible to carry the reduction down 
to salts of oxalic acid (9). There are two reports of 
the reduction of carbon dioxide by metallic magnesium 
in aqueous solutions (24, 25). Under suitable con- 
ditions formaldehyde is produced, its amount being 
increased by the presence of a weak base. When 
this reduction is carried out in the presence of ammonia 
or ammonium carbonate, hexamethylene-tetramine 
results. If the reaction mixture is heated with sodium 
hydroxide, “fan odor” of methyl amine is noticeable. 

The convenient large scale reduction of calcium 
carbonate with zinc powder to yield pure carbon 
monoxide in quantitative yields has been described 
(96, 27, 28). 


COMPLEX METAL HYDRIDES 


Before the advent of lithium aluminum hydride and 
related complex metal hydrides, the preparation of 
organic compounds by reduction of carbon dioxide was 
not a practical laboratory procedure. By use of 
standard high-vacuum techniques and apparatus, 
reductions with lithium aluminum hydride can now be 
carried out in the laboratory to give good yields of 
methanol, formaldehyde, and formic acid. A mono- 
graph on lithium aluminum hydride and its use in 
organic chemistry has been written (29). It has been 
suggested (30) that the reduction of carbon dioxide 
may proceed first to a formate, then to the methylene 
glycol salt, and finally to the aleoholate. Thus, at 
least three reactions seem possible, each of which 
represents a definite degree of reduction. Hydrolysis 
or alcoholysis of the salts would give formic acid, 


formaldehyde, or methanol. Nystrom (31) describes. 


the reduction of carbon dioxide to methanol by a 
solution of lithium aluminum hydride in a nonvolatile 
solvent; the methanol being recovered after alcoholysis 
of the resulting complex with a high boiling alcohol. 
The yield reported, based on BaCO; from which CO, 
was generated, was 81% of redistilled material of high 
purity. Several other workers have studied this 
reaction (30-34). An intensive study of the prep- 
aration of carbon-14-labeled methanol is described 
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using diethylcarbitol as the solvent for the LiAlH, 
and n-butylearbitol for aleoholysis of the complex (3/). 
The use of tetrahydro-furfuroxytetrahydro-pyran as 
the solvent for the LiAIH, and tetrahydro-furfuryl 
alcohol for aleoholysis due to the elimination of ethanol 
and diethyl ether as byproducts (32) seems to be an 
improvement. By condensing carbon dioxide (gener- 
ated from barium carbonate) on a frozen solution of 
lithium aluminum hydride in tetrahydrofuran and 
allowing the temperature to rise to 0°C., formaldehyde 
is obtained in 65% yield (based on the BaCQ;), after 
hydrolysis of the reaction mixture with methanol and 
dilute acid (35-37). Carbon-14-labeled formaldehyde 
has been prepared by this method (35). The reduction 
of carbon dioxide to formic acid in good yield is de- 
scribed using a high ratio of carbon dioxide to lithium 
aluminum hydride (37). Formaldehyde was identified 
as a byproduct in all of the reductions to formie acid, 
and when more concentrated solutions were used 
methanol was also isolated. The over-all yield of 
formic acid was 87%-88% if the formaldehyde was 
oxidized with barium peroxide. 

Carbon dioxide has been reduced to formic acid in 
69%-88% yield by passage of the gas into an ether 
solution of lithium borohydride at 0°C.(38). Carbon- 
14-carbon dioxide yields carbon-l4-labeled formic 
acid on similar treatment as aqueous sodium formate- 
C-14. Methanol was identified among the reaction 
products, but no formaldehyde could be detected. 


MISCELLANEOUS CHEMICAL REDUCTIONS 


An early report (50) stated that the reduction of 
carbonates with hydrogen peroxide yielded formal- 
dehyde. It was later shown (51) that the formaldehyde 
came from the oxidation of the barbituric acid which 
was used as a preservative in the hydrogen peroxide. 
The formation of hydrogen cyanide is described by 
absorption of carbon dioxide on permutoid amino- 
siloxenes (e.g.,Sig0; carbaminosiloxenes being 
formed (39). The reduction of the carbon dioxide 
was effected by slow oxidation of the Si—Si bonds in 
the boundary space by addition of smal juantities of 
oxygen over a period of several days at room tem- 
perature. Hydrogen cyanide was formed, with oxygen 
being taken up by the silicon compounds. No re- 
duction of carbon dioxide occurred without oxygen 
unless the ‘‘carbaminosiloxene” complex was irradiated 
with visible light. 

A British patent describes a process in which a 
gaseous mixture composed of 90% carbon dioxide and 
10% hydrogen is subjected to the action of a reaction 
mixture containing distilled water, white phosphorus, 
pulverized quicklime, copper chips, and carbonated 
magnesia (40). The entire reaction mixture is acti- 
vated by blowing ozone through it. The hydrogen 
and carbon monoxide mixture which forms is heated 
to 100°-150° and passed over sulfur at 130°. The 
gases are then subjected to a pressure of 30-40 atmos- 
pheres. It is reported that the resulting liquid can be 
used as a synthetic petroleum. 


ELECTROCHEMICAL REDUCTION 


The electrolytic reduction of carbon dioxide dis- 
solved under pressure has been described (41). The 
carbon dioxide is reduced quantitatively to formic acid 


| | 
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using electrodes of copper which have been plated with 
zine and amalgamated. High concentrations of formic 
acid cannot be obtained by the method. 

The reduction of carbon dioxide on mercury cathodes 
has also been reported (42). Polarization curves 
recorded with solutions of potassium chloride, am- 
monium chloride, sodium hydrogen carbonate, and 
tetramethyl ammonium bromide, through which puri- 
fied carbon dioxide was passed continuously, exhibited 
sudden increases of current at cathodic potentials 
similar to those at which polarographic currents due 
to carbon dioxide began to increase, but they were 
appreciably lower than the potentials at which the 
current began to increase when carbon dioxide was 
replaced by nitrogen. Electrolysis experiments carried 
out yielded formic acid as the only detectable reaction 
product and in yields often approaching 100% current 
efficiency. 


REDUCTION UNDER THE INFLUENCE OF RADIATION 


Early reports (43-46) indicated that carbon dioxide 
could be reduced to formaldehyde under the influence 
of ultraviolet light. Spoehr reported that repetition 
of these earlier experiments upon the reduction of 
carbon dioxide by ultraviolet light failed to give a 
definite test for formaldehyde in any case (47). The 
entire polemic in this field which is related to photo- 
synthesis is detailed by Baly (1). The reduction of 
carbon dioxide by electromagnetic oscillations has been 
described by Lorenz (48). Fibrous aluminum(IIT) 
oxide was dried at 117°, placed in an ozonizer, and 
carbon monoxide passed through the apparatus at the 
rate of 0.5 1./min. Waves of 10,000 hertzes were 
produced by a generator under these conditions. 
Carbon dioxide was reduced in a slightly acid aqueous 
solution, but not in solutions of bicarbonate. The 
distillate contained formaldehyde. The nonvolatile 
residue was a mixture of carbohydrates and their 
alcohol and acid derivatives. Crystals were obtained 
which resembled glucose but were optically inactive. 

The reduction of carbon dioxide in aqueous solutions 
by ionizing radiation has been described by Garrison 
(49). Aqueous solutions of carbon-14-labeled carbon 
dioxide, with and without addition of iron(II) sulfate, 
were bombarded in the 40 Mev. helium ion beam of the 
60-in. cyclotron. After bombardment, carrier amounts 
of formic acid, formaldehyde, and methanol were 
added to the solution, recovered as solid derivatives 
and tested for carbon-14-activity. In the presence of 
FeSO,, the carbon dioxide had been reduced to formic 
acid and formaldehyde in yields of 22% and 0.13%, 
respectively, based on total dissolved CO,. Without 
iron(II) sulfate the yield was 0.14% for formic acid, 
with no formaldehyde. 


CONCLUSIONS 


Considering the universal availability of carbon 
dioxide, it is somewhat surprising that more voluminous 
chemical literature is not available on its simple re- 
duction reactions. One particularly glaring omission 
is work on the reduction of carbon dioxide by the usual 
acid-metal combinations, such as iron, zinc, or tin 
with hydrochloric acid. The polarographic studies 
reported so far are only fragmentary. Powerful 
reducing agents such as chromous chloride and hydro- 
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gen iodide have not been evaluated as to suitable 
conditions for reaction. Many other interesting sys. 
tems come readily to mind. 

The desirability of carrying on basic studies in ‘his 
area seem self-evident and the many unexplored regions 
should attract research investigators in increasing 
numbers in the near future. 


LITERATURE CITED 


(1) Baty, E. C. C., “Photosynthesis,” Methuen and Co., Ltd, 
London, 1940. 

(2) Spornr, H. A., “Photosynthesis,’? Chemical Catalog ©o., 
Inc., New York, 1926. 

(3) Rapinowrrcn, E. I., “Photosynthesis and Related roc- 
esses,’’ Interscience Publishers, Inc., New York, in two 
volumes (three books), 1945-56. 

(4) Cavin, M., “The Path of Carbon in Photosynthesis,” 
(The Peter C. Reilley Lectures in Chemistry, Vol. 2), 
University of Notre Dame, Notre Dame, Indiana, 1949. 

(5) M. anp O. Rernmuts, “Grignard Reactions 
of Non-Metallic Substances,’ Prentice-Hall, Inc., 1954. 

(6) Metior, J. W., “A Comprehensive Treatise on Inorg:nic 
and Theoretical Chemistry,’’ Longmans, Green & Co., 
Inc., London, 1946 impression, Vol. V, pp. 735-54. 

(7) Srorcu, H. H., N. Gotumsic, anp R. B. ANDERSON, “The 
Fischer-Tropsch and Related Syntheses,’’ John Wiley & 
Sons, Inc., New York, 1951. 

(8) Brooks, B. T., er au., “The Chemistry of Petroleum Hy- 
drocarbons,’’ Reinhold Publishing Corp., New York, 
1955, Vol. I, pp. 631-46. 

(9) Quinn, E. L., anp C. L. Jongs, “Carbon Dioxide,” (A.C.S. 
Monograph #72) Reinhold Publishing Corp., New York, 
1936, pp. 131-35. 

(10) Tsuknanova, O. A., J. Phys. Chem. (U.S. S. R.), 21, 653 
(1947). 

(11) Peters, K., anp H. Kuster, Z. Physik. Chem., A148, 284 
(1930). 

(12) BAur, H., Ges. Abhandl. Kenntnis Kohle, 8, 217 (1929); 
Chem. Zentr. 1929 II, 3263; C. A., 24, 5207 (1930). 

(13) Houper, C. H., U. S. Patent 2,514,282, July 4, 1950; C. A. 
44, P8070c (1950). 

(14) Knosiock, W., anp G. German Pat. 730,516, 
December 17, 1942; C.A., 28, P462 (1942). 

(15) BAur, H., Ges. Abhandl. Kenntnis Kohle, 12, 292 (1937). 

(16) CampBELL, A. N., AnD E. A. Brown, J. Am. Chem. Soc., 60, 
3055 (1938). 

(17) MorrKawa, K., T. Kimoro, R. ABE, Bull. Chem. Soc., 
Japan, 16, 229 (1941). 

(18) Kuster, H., Brennstoff-Chem., 17, 221 (1936). 

(19) Ipatierr, V. N., anp G. S. Monrog, J. Am. Chem. Soc., 67, 
2168 (1945). 

(20) Toxsert, B. M., J. Am. Chem. Soc., 69, 1529 (1947). 

(21) D. B., J. R. RacHete, ano E. B. Keer, J. 
Biol. Chem., 169, 419 (1947). 

(22) Harman, D., T. D. Stewart, anv S. Rusen, J. Am. Chem. 
Soc., 64, 2294 (1942). 

(23) Fusn, R., J. Chem. Soc., Japan, 64, 1103 (1943). 

(24) Fenton, H. J. H., Proc. Chem. Soc., 23, 83 (1907). 

(25) Fenton, H. J. H., J. Chem. Soc., 91, 682 (1907). 

(26) Kinnicutt, L. P., Am. Chem. J., 5, 43 (1893). 

(27) Scuwartz, H., Ber., 19, 1140 (1886). 

(28) Wer1nuouss, S., J. Am. Chem. Soc., 70, 442 (1948). 

(29) Micovic, V. M., anp M. L. Mitwamovic, “Lithium Alu- 
minum Hydride in Organic Chemistry,” Serbian \cad. 
of Sciences, Belgrade, Yugoslavia, Monographs, 237, No. 
9 (1955). 

(30) Cox, J. D., H. S. Turner, anp R. J. Warne, J. Chen. Soc., 
1950, 3167. 

(31) Nysrrom, R. F., W. H. Yanko, W. G. Brown, Am. 
Chem. Soc., 70, 441 (1948). 

(32) Cox, J. D., anp R. J. Warne, Nature, 165, 563 (1950. 

(33) Noui, B., anv L. C. Lerrcn, Can. J. Chem., 31, 153 (1953). 

(34) Neman, M. B., anv G. I. Fexutsov, Doklady Akad. \auk. 
S.S.S.R., 87, 605 (1952). 

(35) WreyeGanp, F., anp H. Linpen, Angew, Chem., 66, 174 
(1954). 

(36) Frnuott, A. E., A. C. Bonn, Jr., H. I. SCHLESINGER, 
J. Am. Chem. Soc., 69, 1199 (1947). 


JOURNAL OF CHEMICAL EDUCATION 


‘ 
‘ 
(i 
t 
; I 
“a. 
d 
| 
| 
| 


suitable 
ing sys. 


s in this 
1 regions 
creas ing 


Co., Ltd, 
talog Co., 


ted Proc- 
‘k, in two 
ynthesis,” 
vol. 2), 
1a, 1949. 
Reactions 
c., 1954, 
Inorganic 
n & Co., 
-54, 

ON, “The 
1 Wiley & 


leum Hy- 
ew York, 


(ACS. 
lew York, 


), 21, 653 
A148, 284 
7 (1929); 
30). 

50; C. A. 
730,516, 


1937). 
. Soc., 60, 


hem. Soc., 


. Soc., 67, 


47). 
ELLER, J. 


im. Chem, 


Alu- 
ian Acad. 
237, No. 
hem. Soc., 
N, J. Am. 
53 (1953). 
nd. Nauk. 
66, 174 


JESINGER, 


JCATION 


(37) Finnowr, A. E.; anv E. C. Jacosson, J. Am. Chem. Soc., 74, 
3943 (1952). 
(38) Burr, J. G., Jn., W. C. Brown, anp H. E. Heuuer, J. Am. 
Chem. Soc., 72, 2560 (1950). 
(39) Kaursky, H., Naturwiss., 16, 204 (1928). 
(40) Frey, U., British Pat. 654,404, June 20, 1951, C.A., 46, 724 
(1952). 
(41) Fiscner, F., anp O. Praiza, Ber., 47, 256 (1914). 
) Teeter, T. E., anp P. VAN RyssELBERGHE, J. Chem. Phys., 
22, 759 (1954). 
Usner, F. L., ann J. H. Priestey, C. A., 5, 3466 (1911). 
(44) BertHELot, D., anp H. Gavupecnon, Compt. rend., 150, 
1690 (1910); C. A., 4, 2408 (1910). 


(45) Sroxuasa, J., V. Zposnicky, Bull. Assoc. Chim. Suer. 
Dist., 29, 26 (1911); C.A., 6, 501 (1912). 

(46) Baty, E. C. C., I. M. Hemsron, anp W. F. Barker, J. 
Chem. Soc., 119, 1025 (1921). 

(47) Spornr, H. A., J. Am. Chem. Soc., 45, 1184 (1923). 

(48) Lorenz, R., Ankara Yiiksek Zir. Enstitusu Derg., 6, 1 
(1946); C.A., 41, 1153f (1947). 

(49) Garrison, W. M., D. C. Morrison, J. G. Hamiuton, A. A. 
Benson, anv M. Catvin, Science, 114, 416 (1951). 

(50) THunBere, T., Z. physik. Chem., 106, 305 (1923). 

(51) Bacu, A., AnD M. Monosson, Ber., 57B, 735 (1924). 


AN EXACT TITRATION EQUATION 


Cuemicat analysis by titration has been an established 
procedure for many years and shows no signs of di- 
minishing in the future. Although the theory of titra- 
tion is well known, the textbook treatments appear to 
handle the mathematics of the problem i in an approxi- 
mate fashion. 

The purpose of this paper is to show the development 
of a titration equation for a precipitation reaction, which 
is exact in the mathematical sense. The example used 
is the titration of a sodium chloride solution with a silver 
nitrate solution, although the theory would apply to 
other precipitation reactions. The equation is shown 
to produce the expected results at three significant 
stages of titration. Following the development of the 
equation is a mathematical treatment involving auto- 
matic computation. A graph is presented, together 
with a discussion of the slope of the titration curve 
at the equivalence point. 


DERIVATION OF THE EQUATION 


Consider the titration of a NaCl solution with a 
AgNO; solution. Assume that an infinitesimal amount 
of AgCl precipitate exists in equilibrium with the NaCl 
solution initially. The following symbols may be used 
todevelop a theoretical formula for the titration curve. 


= number of equivalents of Ag* i in NaCl solution 
= number of equivalents of Ag* in precipitate 

= number of equivalents of Cl~ in NaCl solution 

= number of equivalents of Cl~ in precipitate 

= equivalents/liter of Ag* i in the mixed solution 
= equivalents/liter of Cl~ in the mixed solution 


value of eag+ before any AgNO; is added 
value of eci- before any AgNO; is added 
value of [Ag*] before any AgNO; is added 
value of [CI~] before any AgNO, is added 


normality of the titrating AgNO; solution 

liters of AgNO; solution reacting with NaCl solution 
liters of NaCl solution before any AgNO; is added 
solubility product constant for AgC 
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Initially, the NaCl solution contains e°c, = V[Cl~]o 
equivalents of chloride ion. Since it is in equilibriem 
with an infinitesimal amount of AgCl precipitate, the 
number of equivalents e°,,+ = V[Ag*]» initially re- 
tained in solution is related to the initial chloride ion 
concentration by the formula [Ag+] [Cl-] = 4K,,. 
After adding a volume v of the AgNO; solution of nor- 
mality n, the number e’,,+ of Ag+ equivalents precipi- 
tated is equal to the original number e°,,+ in the NaCl 
solution, minus the number e,,+ remaining in solution, 
plus the number nv of Ag+ equivalents from the AgNO; 
solution. 


= (€°agt — Cage) + nv (1) 


It is also clear that the number ec, of equivalents of 
chloride ion remaining in solution is equal to the initial 
number e°c;, minus the number e’c;- precipitated out of 
solution. 

eci- = — (2) 


But, since e’or = e’a,+, the above equation may be 
written, 
eci- = e°ci- — Cag: (3) 
Substituting equation (1) into equation (3) gives, 
eci- = e°ci- — Co age — nv + Cag: (4) 


Using the relationship between equivalents, concentra- 
tion, and volume, together with the definition of the 
solubility product constant gives, 


(V + v) [Cl-] = ViCl~]o — V[Ag*]o — nv + (V +) [Ag*] 


or 


—-w+(V 


(V +») [Cl-] = 


or 


Cage 
Cag 
e Ag = || 
cl- = 
[Ag*|) = 
{Cl- = 
n = 
v 
K,, = V +v 
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Rearranging the terms gives the ere equation, 


which has the solutions 


— Ksp _ nw 
Vv 


[Cl-]o? — Kop 
[Cl-]o 


Since the square root term in this expression is larger in 
magnitude than the first term on the right side of the 
equation, the solution corresponding to the negative 
sign is always negative and must be rejected. The re- 
sult is the formula 


tory = - + 


which gives the chloride ion concentration at any stage 
of titration. 

Although equation (8) is somewhat complicated, it 
readily yields the expected results at the three signifi- 
cant stages of titration. Before the titration begins, 
v = 0, so that initially, 


— — Key +V([Cl“]o? — Kap)? + 4K 
2[Cl-]o 


= Kop + V([Cl“]o? + Kap)? _ 
[Cl~]o 
which predicts the expected initial concentration. At 


the equivalence point it is known that [Cl-] = V Kip, 
in which case 


2(Cl-} 


[Cl-]o? — Kap _ rv 


~av 


according to equation (8). Rearranging the above re- 


sult gives 


Ksp 
no = V 
Ksy/(Cl~]o gives 
[Ag*]o) 


which predicts the expectation that the equivalence 
point is attained by balancing out the original Agt 
deficiency. Finally, for cases in which the added ti- 
trating volume is in great excess, the conditions are such 


that 
[Cl~]o®? — _ 


Then equation (8) gives 


= + + Ky 


= + Vi + 


and using the relation [Ag+]) = 


nv = V ([Cl-]o — 


n K 


which predicts the fact that in practical cases, where 
n >> V Kop, the final chloride ion concentration, exist- 
ing after a large excess of titrating reagent is addec, is 
very nearly equal to the solubility product constant dj- 
vided by the normality of the titrating solution 


METHODS OF SOLUTION OF THE EQUATION 


The foregoing formula developed for the chloride ion 
concentration readily lends itself to numerical compiita- 
tion. For the purpose of calculation it is convenient 
to write equation (8) as, 


(Cl-] =2+ V2? + Ky, (9) 


The latter equation shows that x decreases as v increzises. 
Equation (9) presents no computing difficulty until z 
decreases through zero and attains a relatively large 
negative value, in which case it is difficult to pre. erve 
accuracy due to cancellation of first-order terms. For 
example, if 


where 


z= -l0V. 
to five significant digits, then 
[Cl-] = —10.000 + V/100.00K,, + K., 
(—10.000 + 101.00) VK, 
(—10.000 + 10.050) VK. = 0.050 VK,, 


which is accurate to only two significant digits. This 
difficulty is avoided by using the Taylor’s series ex- 
pansion of equation (9), 


[Cl-] = 2 + + = + |x| V1 + 
+ + a) (aCe) * 
+ 
= 2+ 3(47) - + 
~ (GF) +] 


when zx is negative the first two terms cancel, which 
accounts for the loss in accuracy in the above example, 
and when z < —3 VKsy the remainder of the series 
converges rapidly. A convenient substitute for e ua- 
tion (9), when z < —3 Ks, is therefore, 


in which the third and all higher powers of K,p/x? i: the 
series may be neglected without erring more tha: one 
part in 10,000. 

Equations (9), (10), and (11) are directly applicable 
to accurate calculation by manually performing the 
arithmetic operations. The same results are ore 
easily obtained, with much greater speed, by progm- 
ing the equations for digital solution on an automatic 
computer. The results of solving for the chloride ion 
concentration [Cl-], and pCl = —log [Cl-], as fune- 
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tions of the titrating volume v, were obtained with the 
aid of the IBM 650 machine. The 25°C. value, 
Ky = 1.56 X 10—", was used for the solubility product 
constant. The NaCl solution was assumed to have the 
initial volume V = 50 ml., and the initial concentration 
(Cl-]o = 0.1 mole/liter, while the normality of the 
AgNO; solution was taken as n = 0.1 equivalent/liter. 
The computer was programed to evaluate [Cl—] and 
pCl while it increased v from zero to 100 ml. in 10-ml. 
steps, from 40 to 60 ml. in 1.0-ml. steps, from 45 to 55 
ml. in 0.1-ml. steps, and from 49.5 to 50.5 ml. in 0.01-ml. 
steps. 

The results of plotting the computed answers are 
shown in the figure which illustrates the titration curve 


Volume (ml.) 


Theoretical Curve for Titration of NaCl Solution with AgNO; Solution 


Kep = 1.56 X 10-" 

V = 50 milliliters 
[Cl-]e = 0.1 equivalents/liter 
n = 0.1 equivalents/liter 


over a wide range. The points used to plot the curve 
are indicated by the small circles. The-steep slope in 
the neighborhood of the equivalence point is more ac- 
curately represented by the numerical data. 

The slope of the titration curve at the equivalence 
point is obtained by differentiating equation (8) with 
respect to v. The same result is more easily obtained 
by applying the rule for differentiating functions of 
functions to equation (9), and taking advantage of the 
fact that the value of x defined by equation (10) is 
zero at the equivalence point. Using the subscript EP 
to denote the equivalence point, the slope of the ti- 
tration curve at the equivalence point is found as 
follows: 


= —(logwe) 


EP 


—logice —n/2 
(SE) (F +V/n {[Cl-}o — (1) 
logwe 1 

n + [Cl-]o — Kep/[Cl-]o 


In all practical cases in which K,, << [Cl~]o, this 
result reduces to the simple formula 


pC] log ue 
[ he + (12) 


This formula gives the slope of the titration curve in 
terms of the initial chloride ion concentration [Cl~]o, 
the initial V of the NaCl solution, the normality n of 
the titrating AgNO; solution, the solubility product 
constant K,, for AgCl, and the arithmetic constant 
logiee = 0.4343. For example if the same parameters 
used for the automatic solution of the titration equation 
are substituted into equation (12), the result is 


bad (0.4343) (0.1)? 
ov JEP (2) (0.05) (0.1 + 0.1) V/1.56 X 10-” 


4.343 107 4.343 x 10-8 
~ (0.02) (1.249 X 10-5) 2.498 x 1077 


= 1.739 X 104 units/liter 


Numerically, this slope amounts to 17.39 pCl units per 
milliliter, or 1.739 units per 0.1 ml. 


SUMMARY 


The foregoing theory shows how the concentrations 
of the various components in a precipitating reaction 
may be predicted with a high degree of accuracy at 
any stage of the titration. Since the accuracy of the 
theoretical prediction is seen to exceed the accuracies 
of ordinary chemical measurements, it is possible to 
investigate reactions of this type in greater detail with 
the aid of the mathematical equation. 

By using an approach similar to that used above, it 
should be possible to develop exact mathematical 
equations governing reactions which involve the pre- 
cipitation of more than one substance. Similar 
concepts should also lead to more exact predictions of 
the behavior of acid-base titrations and the hydrolysis 
of salts, in which two or more equilibrium constants 
must be considered. 
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ACIDITY MEASUREMENTS WITH INDICATORS 
IN GLACIAL ACETIC ACID 


Guactat acetic acid holds considerable interest both 
as a medium for analytical determinations and as a 
convenient nonaqueous solvent having several phys- 
ical similarities to water. However, the low value 
for the dielectric constant of acetic acid (6.2 at 25°C.) 
results in very incomplete ionization of solutes for 
strong acids, bases, and salts, dissolved in this solvent. 
Ion-pair and ion-multiple association are common. 
As a result, there is no direct relationship between pH 
and the color of an indicator in glacial acetic acid, 
even though hydrogen-ion activity is measuvable 
potentiometrically (/, 5). Yet, the simple experi- 
mental measurement of acidity with indicators, as 
exemplified by the Hammett function, as well as the 
Lewis criteria of acid-base behavior (6) leads investi- 
gators to study indicator color reactions in ail types of 
nonaqueous media. 

Two appropriate questions may be posed, concern- 
ing the behavior of indicators in glacial acetic acid. 
First, to what property of the solution does the in- 
dicator respond? And, second, can a quantitative 
treatment of indicator reactions be devised that is 
consistent with the Lewis theory of acids and bases? 

Let us consider the second question at this point, 
since the first has been resolved experimentally and 
will be discussed later. In terms of the general theory 
proposed by Lewis, the neutralization of an indicator 
base may be represented by the equation, where I 


I+ RQ = IR*Q- = IR*+ + Q- (1a) 


is the indicator base, RQ the acid, IR+Q~ the neu- 
tralization product (salt). The extent to which IR+tQ— 
separates into its ions is governed largely by the 
dielectric constant of the solvent. By letting [I] = 
[Is] and [IR+Q-] + [IR*+] = [Ia], representing the 
base and acid forms of the indicator, peeepectively, 
the appropriate equilibrium constant K /®® is 


(Ia] 


The computed value for this formation constant 
corresponds to the condition of the half-neutralization 
of the indicator base by the acid. For this reason, 
one may avoid ambiguity of terms by introducing 


= Li, (Je) 


to be called the half-neutralization number of the 
indicator. Such a notation expresses the strength 
of the indicator base in a manner consistent with 
the Lewis theory. 

In the measurement of acidity in glacial acetic acid 
solutions of acids as strong as perchloric, the color 
change of a basic indicator may be used. As has 
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been shown by Kolthoff and Bruckenstein (4) the 
color of the indicator in acetic acid is not determined 
by the hydrogen-ion concentration but rather by the 
stoichiometric concentration of the strong acid. Using 
the notation and equations of these authors, C cio, 
= [(HClO.] + [H+ClO,-]; THCIO, is the indicator 
perchlorate, I the indicator base, and K/™!0 the 
formation constant of the indicator salt, we may write 


[IHCI0,] 


By representing [[HCIO,] = and [I] = as 
the acid and base forms of the indicator, respectively, 
equation (2a) may be rewritten as 

log (Tal = 
where L,,, is the half-neutralization number of the 
indicator, and in this case is numerically equivalent 
o KfHC!O We now have in equation (2b) a suit- 
able relation for defining an empirical acidity scale. 
Without specifying the indicator charge type (re- 
quiring only that equation (2a) be satisfied), this 
acidity function 


log = log K,!8C1 + log Cucio, (2a) 


— log Cucio, (2b) 


L = —log Cucio, = log pLi/: (2c) 


Equation (2c) is restricted to glacial acetic acid so- 
lutions involving a weakly basic indicator and an acid 
of strength comparable to HCIOx,. 

For the neutralization of weakly basic indicators 
with acids significantly weaker than perchloric acid, 
such a simple treatment is inadequate. This neu- 
tralization is represented by 


I + BA = + X- (3) 


in which IH*+X~ is the ion-pair form and the right-hand 
terms are the dissociated ions. The apparent strength 
of the acid HX is dependent upon the indicator used, 
since the values of the dissociation constant K,'™ 
for the indicator ion-pair may differ with the indicator 
base that is selected. Again the work of Kolthoff 
and Bruckenstein (4) should be consulted for a detailed 
discussion of this case. It was demonstrated that all 
of the acidic forms of the indicator have identical 
absorption spectra, and an expression was derived to 
relate the indicator concentrations to the othe: var- 
ables in the system. In the equation 


= K, Cyx [1 (3a) 


Z(IH+] is the sum of the indicator acid forms. Cux 
the concentration of the acid, the 
dissociation constant, and K AEX the formation 
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constant for IH+X~-. Equation (3a) may be rewritten 
to correspond to equation (2b): 


tog = ply, log Cux — log [2 + 


For the right-hand term let us define a quantity 


K 
Yi=1+ 
to be called the ion-pair parameter. Then, the equa- 
tion 


log iy = pli/, — log Cux — log Y; (3e) 


permits a more general definition of the empirical 
acidity function 
L = —log Cux = log + log (34) 
It is the contribution of Y; to the computed value of 
L that could result in the dependency of the acidity 
seale upon the indicator used. Such a variation has 
been observed when the Hammett function Hy has 
been applied to solvents of low dielectric constant 
(7). It has been recently reported by Fuoss and 
Kraus (2) that the logarithm of the ion-pair association 
constant (1/K4'™*) is a simple linear function of the 
reciprocal of the dielectric constant. 
It has been emphasized by Grunwald (3) that the 
consistency of any indicator acidity scale must be 
verified by the use of several indicators having over- 


lapping ranges, regardless of the indicator charge type. 
This is particularly important for solvents of low 
dielectric constant, especially if the indicator Y, values 
are unknown. Indicators differing in structure may 
be used to establish an empirical acidity scale that 
may be applied to acid-base catalysis in a given solvent 
system, if the limitations of the usable acidity range 
are evaluated. For glacial acetic acid, the suggested 
L function of equation (3d) provides an acidity measure- 
ment compatible with the Lewis theory of acids and 
bases. Although proton activity in the Brénsted 
sense has no simple relation to the indicator color in 
this solvent, the response of the indicator to the con- 
centration of acid permits its use as the basis for meas- 
urement of acid strength and acidity in the more 
general sense of these terms. 
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THE INTEGRATION OF INFRARED 
SPECTROSCOPY INTO ORGANIC QUALITATIVE 
ANALYSIS 


Ix recent years the analytical chemistry of organic 
substances has become an important problem which the 
teacher of organic chemistry and qualitative organic 
analysis must consider in order to prepare the student 
for either an industrial career or advanced study. In 
particular, infrared spectroscopy, the indispensable tool 
for organic research, has caused many problems in the 
teaching of organic qualitative analysis. Authors of 
recent textbooks have tried to include infrared spectros- 


copy iu the course in qualitative organic analysis on the _ 


undergraduate level'.? and even in the first year course 
in org: nic chemistry.* 


'Suriver, R. L., R. C. Fuson, anp D. Y. Curtin, “The 
Systematic Identification of Organic Compounds,” 4th ed., 
John Wiley & Sons, Inc., New York, 1956, pp. 167-79. 

Cueronts, N. D., ann J. B. “Semimicro Qualita- 
tive Organie Analysis,’ 2nd ed., Interscience Publishers, Inc., 
New York, 1957, pp. 275-86. 

* Fieser, L. F., “Experiments in Organic Chemistry,” 3rd ed., 

D.C. Heath & Co., Boston, 1955, pp. 170-84. 
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After considerable experimentation, a method has 
been developed which successfully integrates infrared 
analysis into the qualitative organic chemistry courses. 
It gives each student an opportunity to gain an excellent 
understanding of the important principles and methods 
involved in infrared analysis without any serious di- 
version of his attention from the chemical behavior of 
the unknowns. 

Four lecture periods of one hour each were devoted 
to infrared spectroscopy. These lectures were given 
sequentially early in the semester to provide the student 
with a sufficient background for laboratory assignments 
involving the use of infrared techniques. The general 
topics discussed in these lectures were designed to ac- 
quaint the student with the position of the infrared re- 
gion in the general electromagnetic spectrum and to 
correlate this method of analysis with other more fa- 
miliar methods such as visible and ultraviolet spectro- 
photometry. 


CLASSROOM WORK 

Following a brief introduction designed to stimulate 
the student’s interest in the large number of applications 
of the method of analysis, the types of vibrational ex- 
citations found in this region were presented. It was 
found useful to use slides and models for clarifying the 
lecture material. By issuing and referring to a com- 
prehensive bibliography sufficient impetus was given to 
the student to undertake the necessary library study for 
the adequate understanding of the subject matter. 

A simplified schematic diagram of the instrument was 
developed for the class, followed by a discussion of the 
optical features of a single and a double beam spectro- 
photometer. In these discussions, no emphasis was 
given to the electronic portions of the instrument since 
it was felt this topic was not of sufficient importance to 
warrant detailed coverage in this type of course. The op- 
tical path of the double beam instrument was demon- 
strated to the student by removing the cover of the ma- 
chine and tracing the optical path from the source of the 
detector, indicating the function of each of the instru- 
ment components. Diagrams of the optical systems of 
several of the instruments in common use were dis- 
tributed to the student for inclusion in the lecture 
notes.‘ The various source materials, instrument 
components, and types of detectors in commercial usage 
were briefly discussed during this demonstration. The 
methods used to obtain an infrared spectrogram were 
treated, emphasizing the applications and limitations of 
each method. 


LABORATORY WORK 


With this background, the student was allowed to 
choose for identification two of the assigned six single 
component unknowns; one, a solid, the other, a liquid 
(see Table 1). The students were given individual in- 
struction in the operation and care of the instrument 
and in sample preparation, including the preparation of 
mull samples and potassium bromide pellets. Each 
student was then allowed to run two spectra, using a dif- 
ferent method of sample preparation, for each of the 
unknowns chosen. Most of the common methods of 
sample preparation were exemplified, and some indica- 
tions were given which showed the effect of the method 
of sample preparation on the spectrum of organic ma- 
terials (see Figures 1-4). 

When all the students had completed the laboratory 
work, a simple Colthup chart’ was developed by calcu- 
lating the approximate position of absorption of several 
functional groups by the methods outlined by Gordy*® 
and Badger,’ followed by placing the more common 
group assignments for stretching and bending vibrations 
directly on a blank spectrogram sheet. Spectra-struc- 
ture correlation sheets* (Colthup charts) were dis- 
tributed to each student, and a series of simple spectra, 
exemplifying the common aliphatic and aromatic func- 
tional groups, were interpreted in two recitation periods. 
The members of the class were then allowed two weeks 
to develop their interpretations of the unknowns (see 


‘ Available on request from the instrument manufacturers. 
The diagrams used in this course were obtained from Baird- 
Atomic, Inc., and Beckman Instruments, Inc. 

5 Co_tuup, N. B., J. Opt. Soc. Am., 40, 397 (1950). 

6 Gorpy, W., J. Chem. Phys., 14, 305 (1946). 

7 Bancer, R. M., J. Chem. Phys., 2, 128 (1934). 

8 Available on request from the Stamford Research Labora- 
tories, American Cyanamid Company, Stamford, Connecticut. 
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Table 2) and to submit a complete written report in- 
cluding the spectra. The student was advised be’ ore 
running the spectrum to obtain the boiling point, re- 
fractive index, and/or the melting point of the unknown, 

After the report was filed with the instructor, the re- 
maining portion of the unknown was returned to the -tu- 
dent for the preparation of two derivatives based on the 
student’s interpretation of the spectrum of the un- 
known. After the completion of this assignment a {inal 
report was submitted. The student was graded on his 
comprehension of the subject and on the accuracy and 
completeness of the report. The reports were returned 
to the student and the spectra compared with a known 
spectrum of the material. Known spectra were ob- 
tained from three sources: the instructor’s personal file 
built up from samples run during the course of the ex- 
periment, the Sadtler Standard Spectra File (Midget 
Series), and the American Petroleum Institute Infrared 


TABLE 1 
List of Typical Unknowns 


I. Acids and their derivatives 

Acids: acetic, adipic, anthranilic, benzilic, benzoic, 
n-butyric, isobutyric, cinnamic, oxalic, phenylacetic, 
salicylic, tartaric 

Amides: acetamide, acetanilide, benzamide, benzan- 
ilide, butyramide, caprolactam, N,N-dimethy] formam- 
ide, salicylamide, succinamide 

nhydrides: acetic, benzoic, phthalic, succinic 

Esters: Diethyl malonate, ethyl acetate, ethyl aceto- 
acetate, ethyl benzoate, phenyl acetate, phenyl benzoate 

Lactones: butyrolactone, valerolactone 
Aldehydes, ketones, and quinones 

Aldehydes: benzaldehyde, isobutyraldehyde, cinna- 
maldehyde, salicylaldehyde 

Ketones: acetone, acetophenone, benzalacetone, ben- 
zil, benzophenone, camphor, cycloheptanone, cyclohexa- 
none, cyclopentanone, indanone, tetralone 

Quinones: anthraquinone, naphthaquinone, quinone 
Alcohols, phenols, and. 

Alcohols: allyl, benzyl, isobutyl, n-butyl, tert-butyl, 
cetyl, cyclohexanol, cyclopentanol, ethyl 

henols: catechol, m-cresol, o-cresol, p-cresol, naph- 

thol-1, phenol, resorcinol 

Diols and polyols: benzopinacol, butandiol-2,3, cyclo- 
hexane-1,2-diol, glucose, glycerol, hexanediol-2,5, lactose 
propanediol-1,3 
Amines 

Aniline, benzidine, decylamine, diethylamine, ethyl- 
amine, N,N-dimethy] aniline, N-methyl aniline, piperi- 
propyl, triethylamine 


rs 

Dibutyl, diethyl, diphenyl, phenyl methyl 
Halogen compounds 

Chloro compounds: chlorobenzene, chloroform, o-di- 
chlorobenzene, p-dichlorobenzene, dichloroethane-1,!, di- 
chloroethane-1,2, hexyl chloride, isopropyl chloride, tri- 
chlorobenzene-1,2,3, trichlorobenzene-1,2,4 

Bromo compounds: bromobenzene, p-dibromobenzene, 
n-propyl] bromide, isopropyl bromide 
Hydrocarbons 

Aliphatic and alicyclic: cyclohexane, cyclohexene, cy- 
clopentane, diisobutylene, hexane, hexene-1, 3-methy!- 
pentane, neopentane, 

Aromatic: anthracene, benzene, diphenylethane, ‘hy! 
benzene, fluorene, isopropyl benzene, naphthalene, /¢rt- 
butyl benzene, toluene, m-xylene, o-xylene, p-xylene 
Nitriles : 

Acetonitrile, benzonitrile, butyronitrile, 

. , Nitro compounds ‘ 
o-Chloronitrobenzene, o-nitroanisole, p-nitroani-ole, 
nitrobenzene, p-nitrobenzoic acid, nitrocyclohexan: 
nitroethylbenzene, nitropropane-1, o-nitrotoluene. 
nitrotoluene 
Salts 

Aniline hydrochloride, methylamine hydrochloride, 
sodium acetate, sodium benzoate 
Miscellaneous 

Acetone 2,4-dinitrophenylhydrazone, azoben2«ne, 
cyclohexanone oxime, cyclohexanone semicarbazone. 
dole, pyridine, quinoline 
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Figure 1 
E-ngoie acid. Student curve obtained using the Nujol Mull method. 
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Figure 2 
Benzoic acid. Student curve obtained in carbon tetrachloride solution. 
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Figure 3 
Benzoic acid. Reference curve obtained using the Nujol Mull method. 
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Figure 4 
Benzoic acid. Reference curve obtained from a potassium bromide 
wafer. 


Spectrum Index. The student was then asked to pre- 
pare a short report accounting for any differences ob- 
served between the standard spectrum and that ob- 
tained in his identification of the unknown. Since two 
or more spectra were available for comparison, this por- 
tion of the assignment proved to be worth while in 
giving the student experience in observing the effect of 
varying purity and of the differences in the spectra ob- 
tained by different methods of sample preparation. 

As a final assignment, the student was given twenty 
spectra, reproduced photographically (two to a page), 
for practice in interpretation. The first ten spectra were 
“knowns” identified by having the structure directly on 
the spectra sheets. The second ten were complete 
“unkiowns” with reference made only to the physical 
properties of the material and the methods used to ob- 
tain the spectra. In the former case, the student was to 
identi!y and assign all possible bands and, in the latter 


case, 10 propose a structure for the material and sub- - 


stanti:te it by his interpretation. In this assignment, 
which is rather difficult for a beginning student in 
Spectroscopy, a logical interpretation was emphasized 
rather than a correct one. The students were en- 
couraged to cooperate and try to establish the gross 
structural features of the molecule whose spectrum was 
given. The correct structures were then discussed with 
the class and the important bands in each of the latter 
ten spectra were assigned. 
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TABLE 2 


Typical Student Interpretation of the Infrared Spectrum 
of Benzoic Acid 


Figure 1 

2-3u = light scattering due to particle size 

Bands at 3.5, 6.9, and 7.34 are due mainly to C—H stretching, 
CH, bending, ‘and C—CH; groupings, respectively, of the 
paraffin oil dispersing medium 

Bands at 3.8 and 3.94 are due to strongly associated hydroxy! 

Band at 5.95u is indicative of a conjugated carbony] of an acid 

Bands at 6.25 and 6.34 are due to C=C stretching of the 
benzene ring 

Band at 7.8, is indicative of the carboxyl group 

is due to hydrogen bonded dimer of the carboxy] 


nena: at 14.24 is due to C—H wagging and indicative of a 
mono-substituted benzene 


Figure 2 

Interpreted the same as above; however, the paraffin oil bands 
are not present and any bands in 12 to l4y region are completely 
blanked due to the carbon tetrachloride solvent. The band at 
6.74 is due to the C—C stretching of the benzene ring, and the 
band at 7. iy is due to the carboxyl group. (This band was inter- 
fered with in Figure 1 because of the absorption of the CH: groups 
in this region. ) 


The ray me compared his spectrum with the reference 
curves as a final proof of their similarity—particularly Figure 1 
with Figure 3. The four spectra graphically exhibit the effect of 
sample preparation on the spectrum of the unknown compound. 


The total number of class hours in the above program 
was limited to four lecture hours, three recitation hours, 
and one four hour laboratory period. Throughout the 
course other topics were discussed pertaining to the use 
of infrared analysis as a tool for the organic chemist. 
Probably the most important of these was the desire of 
most students to discuss the quantitative applications 
of the infrared method of analysis. 

Student interest in the course was remarkably im- 
proved since the manner in which the material was pre- 
sented encouraged independent study. This interest 
was also manifested in greater enthusiasm in the 
chemical methods of identification of organic com- 
pounds and in independent student research. The rec- 
itation sections were more active and stimulating as a re- 
sult of increased student library work and study. The 
written reports were more complete and the students 
showed increased imagination in choice of a mode of 
attack on the identification of the unknown samples. 
Another advantage was that the amount of material 
covered in the course was appreciably increased, much 
of it by independent study. 

The major disadvantage to the program is that it 
seems unlikely that the course could function smoothly 
with classes in excess of 30 students. In this experiment 
the maximum class size was 19 students, but it was felt 
that the class could be increased without additional bur- 
den on the instructor. 
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EXACT COLORIMETRIC pH DETERMINATION 


Co xormerric pH determination is not usually very 
exact since either the quality or depth of a color must be 
measured, and neither of these properties is very easy to 
determine exactly. However, standard methods of im- 
proving the delicacy of measurements may be applied to 
this problem. 

The standard approach to such a measurement is to 
“measure zero,” and make deviations as abrupt and as 
opposite as possible, which, translated into color lan- 
guage states that to give maximum accuracy the dye 
should have zero chromaticity, i.e., be neutral gray, at 
the pH measured, and acid or alkaline variation should 
produce complementary color changes. 

To investigate the possibilities of this method dyes 
were examined giving a trichromatic color balance, i.e., 
gray, at each pH value from 4.3 to 5.8; and providing 
red and green respectively for acid or alkaline devia- 
tions. 

One group of dyes having excellent properties for this 
purpose are brom cresol green for the green alkaline 
component and methy! red for the red acid component; 
using either brom thymol blue or brom phenol blue to 
correct ‘‘off-shades” and improve the purity of the gray 
at each pH value as needed. 

The proportions of the dyes giving the best gray color 
at each pH value were determined using a carefully cali- 
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brated glass electrode for pH measurement. The table 
gives a summary of the dye concentrations. For jp- 
terpolation if needed, these concentrations are plotted 
as a locus on the triangle plots of the figure. It sould 
be noted, however, that to produce a clear diagrain th 
brom cresol green is plotted on the basis of 0.1% solu- 
tion. 

Each of these dye proportions is of course adjusted 
for each pH value listed, and each gives a similar serie: 
of color changes: 

+ 1.0 pH unit, greenish blue 

+ 0.2 pH unit, green : 

+ 0.05 pH unit, cold greenish gray 
Tabulated pH, gray 

—0.05 pH unit, warm rosy gray 
—0.2 pH unit, pink 

—1.0 pH unit, red 

The color change at the tabulated value is so sharp 
that a visual titration to about +0.01 pH unit can be 
made, and it is probable that measurements made with 
the glass electrode are no more precise. 

A further valuable point with indicators adjusted in 
this manner is that the titration is almost independent 
of the color of the room light used. If a white back- 
ground is used for the titration, any normal room light- 
ing is satisfactory, since a neutral gray on a white back- 
ground is not affected appreciably even by considerable 
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pH of Complementary-Neutral Indicators 
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variations in the tint of the illumination. However, 
since these mixed indicators lack all definite color at 
their proper neutralization point, sharper titrations can 
usu:illy be made if more indicator is used than is com- 
monly necessary. 

Colorimetric indicators still have a wide application 
despite instrumentation, and a few commercial indica- 
tors do appear to be adjusted more or less along these 
line. However, no systematic study appears to have 
been made using this method to improve the accuracy of 
colorimetric pH measurement, but there seems every 
probability that with the wide range of dyes now avail- 
able the method could be extended widely to cover most 
pH values, and the examination of carbonate and bicar- 
bonate, or mono-, di-, and tri-phosphate ions and similar 
differential analyses could be considerably simplified. 

If the method is extended, using other dyes for other 
pH ranges, it is not strictly necessary that the acid or 
alkaline colors of the dye mixture must be exactly com- 
plementary. Ifa gray color is given at the selected pH 
and brightly contrasting colors obtained for acid or al- 
kaline deviations, results should be excellent, but it is 
important to select the indicators so that their contrast- 
ing colors do not overlap in the pH scale too widely; 
otherwise the gray shade extends over a wide pH range 
and dulls the brightness of the contrast obtained. 

This method of indicator adjustment appears to offer 


not only a means of exact pH determination but also 
quite a wide range of subjects suitable for student work, 
since it combines pH study with triangle composition 
plots, locus production, trichromatic color theory, and, if 
available, trichromatic or spectrophotometric instru- 
mentation 


Amounts of Indicators to be Mixed to Make Complemen- 
tary-Neutral Indicators for pH Range 4.3-5.8 


0.04% Standard Indicators 
(ml.) 


Methyl 
red 


3 
z= 


wwr 
tv 


A TALK AND DEMONSTRATION KIT FOR 
POPULAR LECTURES 


Aurioven the shortage of manpower in the various 
sciences in this country has only recently received 
publicity in the newspapers, the American Chemical 
Society has for several years been concerned with the 
low enrollments in chemical curricula in the colleges. 
It is generally agreed that to remedy the situation in 
the colleges an interest in chemistry must be aroused 
in students at the secondary school level. One method 
of arousing such an interest is to provide the students 
with talks spiced with dramatic demonstrations. The 
Vocational Guidance Committee of the Cleveland 
Section of the A.C.S. decided to provide mimeographed 


outlines of talks together with lecture demonstration | 


kits for the use of the volunteer speakers. Four 
different talks with kits were planned so that, assuming 
one lecture would be presented each year at a school, 
no student would be subjected to the repetition of a 
talk. The first kit has now been in use for two years 
with outstanding success. It has not only served its 
primary purpose in junior and senior high schools, 
but, with minor modification, has served for programs 
on television three times and before diverse groups such 
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as church and social organizations, scout meetings, 
etc. It has already been given close to 100 times. 

The lecture, titled “(Chemistry in Action,” demon- 
strates how chemists cause changes in temperature, 
reaction time, energy, and color and relates these 
changes to everyday life. The demonstrations include 
experiments with liquid nitrogen, the iodine clock, 
chemiluminescence, and ion exchange resins. These 
demonstrations were selected to be completely reliable 
to avoid embarrassment of a speaker; to require no 
services such as gas, electricity, etc; and to be free 
of danger of fire, noxious odors, smoke, etc. 

Each speaker is supplied with mimeographed di- 
rections which are specifically organized to simplify 
their use by the speaker and by the stockroom men 
who fill the kit. The directions are divided into six 
principal sections: 

Instructions to Speaker. These include questions and requests 
to be made in advance at the school where the talk is to be given. 
These are necessary to obtain a demonstration table, a pail for 
waste solutions, best entry to the lecture room, etc. Instruc- 


tions are also given as to where and when to obtain and return the 
kit. 
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An Outline of the Talk. To minimize the demands upon the 
speaker, an outline of the talk is provided from which the lecture 
may be delivered. Ample room is provided for the speaker to 
insert any additional notes he needs. 

Directions for Demonstrations. Detailed directions are pro- 
vided including a suggested arrangement of the equipment on the 
lecture table and words of caution where carelessness in mixing 
solutions, etc., might give a poor demonstration. 

Chemistry Involved in the Demonstrations. A short section 
which describes the exact chemical reactions and theory of the 


phenomena so that the speaker may answer detailed questions 


which are often asked by inquiring students. 

The Complete Talk. A complete copy of the planned talk is 
provided for the speaker to read in advance of its presentation. 
He is expected to lecture from the outline, however, and this is 
specifically stated in his directions. 

Directions for Packing Equipment. The kit has little free 
space and complete directions for repacking must be included. 

Directions to Stockroom Men. The concentrations of the solu- 
tions in these experiments are not critical and the kit is cleaned 
and refilled by stockroom men. This section is not essential to 
presentation of the talk but many students or teachers wish to 
perform the experiments themselves and these direction sheets 
are distributed to them. 


THE KIT 


The case is constructed of wood and Masonite and is 
partitioned to hold the equipment firmly to prevent 
breakage. 

The first series of experiments involves the use of 
liquid nitrogen which is stored in two narrow-necked 


A 
B 
C 


NA | 
D | 


C 


Figure 1. Diagram of Case 


Dewar flasks during transportation of the kit. The 
nitrogen is transferred to two wide-mouthed Dewars 
for use in the demonstrations. The demonstrations 
consist of the freezing of a flower and a rubber ball 
and the infllation of a balloon. Corks are fired from a 
gun consisting of a Carius tube in which a little nitrogen 
is placed. 

The second demonstration is the well-known iodine 
clock experiment. In addition to the two necessary 
solutions, distilled water, graduates, and beakers, the 
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kit contains two white backgrounds to make the 
colors visible at a distance. 

Cold light is demonstrated next. This requires two 
solutions, a beaker, and a funnel. When the lec ‘ur 
is presented in a room which cannot be darkene j, 


4 


Figure 2. The Assembled Kit 


background must be provided. A black box (//) is 
supplied for this purpose. The box contains a semi- 
circular cradle so that it becomes a crate for the nested 
beakers in the packed kit. 

The last experiment consists of the decolorizing of a 
copper sulfate solution with an ion exchange resin and 
regeneration of the resin with aqueous sodium chloride. 
The equipment consists of the appropriate solutions, 
beakers, and a resin tube. 

A diagram of the kit is shown in Figure 1. The 
narrow-necked Dewars containing liquid nitrogen are 
placed in Section A. In Section B are inserted the 
wide-mouthed Dewars in which are packed rubber 
balls, corks, and balloons. The wide-mouthed Dewars 
are also fitted with bored corks through which funnels 
are inserted for safekeeping. Large bottles of the 
iodine-clock solutions are placed in C and a smaller 
container of distilled water in D. 

The necessary four bottles of solutions for the resin 
and cold light experiments are fitted into Section EL. 
Three 500-ml. graduates rest in the semicircular de- 
pressions F. Fitting shelf G into the kit locks the 
graduates and bottles (Section EZ) safely in place. The 
beakers (2000 to 250 ml.) are nested with paper sp:.ers 
and placed in H which is held in the wedges on G. ‘Two 
white backgrounds (K) fit on G beside box H. The 
resin tube is placed on ledge L and a Carius tu’ on 
brackets M. A couple of towels and a flower ar laid 
on top of the Dewars and the kit is complete (Fig. 2). 

The appreciation of youthful audiences has ma the 
labor of construction of the kit and organizati) o! 
the talk well worth while. It is hoped that this } \per 
will encourage other groups to undertake ilar 
efforts. 
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AN IMPROVED MAGNETIC ROTATION 


APPARATUS 


Tis article is a sequel to the previous one describing 
a simplified magnetic rotation apparatus,'! and the 
former article should be consulted before the present 
paper is read. The simplified apparatus had some 
inconvenient features: The magnetizing current 
could warm the tube, striate the liquid, and make 
the polarimeter difficult to read. Furthermore two 
people were required to operate the setup; one person 
had to adjust the current while the other read the 
polarimeter. Fortunately these difficulties can be 
avoided: An interval timer can be used to shut off 
the tube before it overheats, and an automatic current 
regulator can eliminate the need for a second operator. 
These improvements are included in the new apparatus 
shown in Figure 1, and the complete setup can be 
built from standard parts provided a converter-am- 
plifier control unit is available. The latter is present 
in most electronic recorders, and it consists of the 
recorder amplifier afd the balancing motor. Of 
course a separate control unit can be obtained from 
various manufacturers,? or built from inexpensive 
parts as described by Thomas and Nook.*? However 
the automatic control system is optional, and 
everything included in the dotted lines in Figure 
1 can be omitted if a second person is available to 
operate R,. The exact components used in the pres- 
ent setup are shown in the Parts List, but the circuit 
is noncritical, and any similar components will work 
just as well. Even the polarimeter coil R; can vary 
+10% from the specifications given in the former 
article.! 

Contrary to the recommendations of the previous 
paper’ a filter (C,, L, C2) should be used to smooth 
the pulsating direct current. This filter is necessary, 
as will be shown later, whether or not the automatic 
control unit is employed. Inductor L must carry 
600 ma., and it should have a low d.c. resistance. 
Suitable chokes are available at high cost, but it is 
more practical to use an inexpensive one rated for 
less current (see Parts List) and cool it with blower 
B. The motor M also needs cooling, and it may be 
placed! by the choke without receiving or giving off 
objectional pickup; then both can be cooled at once. 
Of course the choke can tolerate 600 ma. intermit- 
tently without a blower, but this practice is not recom- 
mended. The filter shown in Figure 1 reduces the 
ac. ripple to 0.1% of its original value, and further 
reduction is unnecessary. Resistors R, and R; pro- 
eet rectifier GR and capacitor C, from surge cur- 


», T. N., Jn., J. Cuem. Epuc., 34, 444 (1957). 

Am: rican recorder manufacturers are tabulated by Ew1na, 
G. W., J. Cem. Epuc., 33, 424 (1956). 
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rents, and these resistors should be of high wattage 
because they carry large a.c. currents. The Power- 
stat T, should always be turned to 0-volts before 
the current is switched on (to the filter); then the 
voltage may be increased to the desired value. This 
procedure will prolong the life of capacitor C, (and 
prevent Powerstat fuse F from blowing). 

The circuit in Figure 1 includes an interval timer 
Se, a relay RL, and a bypass resistor R; with its trim- 
mer Rs. This trimmer should be adjusted so that 
R; plus R, has the same resistance as the tube coil 
R;. Then the current may be regulated at one’s lei- 
sure by sending it through R; and Rs rather than 
through the coil. When the timer button is pressed 
relay RL will close, the current will flow through the 
coil for a limited time, and the tube will stay cool. 
Coil R; is an inductive load, and the relay contacts 
will are whenever the timer snaps off. Thus capacitor 
C; and resistor Rip have been included to suppress this 
arcing. Of course an ordinary switch is included on 
most timers, and the operator may use this switch to 
work the relay manually if he so desires. 

The polarimeter coil can safely withstand a current 
of about 600 ma. This current is suitable for water and 
aqueous solutions, but 400 ma. (or less) is more prac- 
tical for organic liquids which have low specific heats 
and thus striate easily. Therefore the maximum out- 
put of the apparatus should be adjusted to 650 ma. 
This can be done by restricting the output of Power- 
stat T, to 115 v. a.c., then by setting resistor R, at 
the proper value. The Powerstat output is limited 
by changing the connections in the terminal box ac- 
cording to the manufacturer’s directions (see step 
(10) of the Preliminary Adjustments). This will 
protect tube R; and also the isolation transformer 
T. whose input cannot exceed 115 v. a.c. Of course 
transformer T, could be placed between T, and the 
line, but then its output would exceed 100 v.a., and a 
larger one than specified in the Parts List would be 
required. If the tube coil R; has a resistance of 161 
ohms, then R, will be set near its midpoint to restrict. 
the current to 650 ma. Of course any tube with @ 
resistance of 150-175 ohms can be used with the pres- 
ent setup merely by adjusting the 25-ohm resistor 
R;, and any tube wound according to the directions in 
the previous article' will have a resistance in this 
range. 


THE AUTOMATIC CONTROL UNIT 


Lingane* has described several automatic current 
regulators, and those with motor controls seem most 


Linaane, J. J., “Electroanalytical Chemistry,” Interscience 
Publishers, Inc., New York, 1953, pp. 214-44; 381-86. 
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Figure 1. 


Parts List for Manual Apparatus 


Milliammeter (0-750 ma. d.c.) 

Blower to cool choke L (and mctor M), see text 

250 uw fd., 300 v. electrolytic capacitors (Mallory type 
WD 425) 

0.5 uw fd., 200 v. moulded tubular capacitor 

Powerstat fuse (1 amp., 250 v.) 

Galvanometer of moderate sensitivity, capable of de- 
tecting a 0.1 mv. error (Weston model 375) 

Germanium rectifier stack, single phase bridge; input 
140 v. a.c., maximum output (with capacitive load) 
196 v., maximum current 0.7 amp. (General Electric 
No. 4JA211BB1AC1) 

Filter choke; 0.8 Hys. with 375 ma. d.c. in the coil; 25 
ohms d.c. resistance (Stancor No. C-2328). This 
choke can carry 600 ma. continuously if cooled by 
blower B, see text. 

Potentiometer plus all accessories (batteries, standard- 
izing resistors, switches, tapping keys, protective re- 
sistor, standard cell, and galvanometer G) 

Polarized .cable. connector, .male. (Amphenol 91- 
MC3M) 

Polarized chassis receptacle, female (Amphenol No. 91- 
PC3F) 

Precision resistor, 1 ohm, 1 watt, + 0.15% (General 
Radio type 500 A) 

High quality wire wound 10 ohms, 5 
watts, 0.5% resolution (General Radio type 973 D, 
with pointer type knob KNSP-6 to fit */s-inch shaft) 

Polarimeter tube coil (161 ohms at 22°C., see previous 
article).!_ Note: Any tube with a resistance of 150- 
175 ohms will fit the apparatus. 

10 ohm, 20 watt, wire wound power resistor 

25 ohm, 50 watt, adjustable wire wound power resistor 
(set to limit tube current to 650 ma.) 

25,000 ohm, 10 watt, wire wound bleed resistor 

200 ohm, 100 watt, adjustable wire wound power resis- 
tor; set at 5 ohms less than the resistance of tube R; 
(IRC type 6'/. HA) 

10 ohm, 5 watt, wire wound potentiometers (Centralab 
No. WW-100) 

100 ohm, 1 watt, wire wound resistor (+ 10%) 

60-cycle a.c. relay, 115 v. (contacts s.p.d.t., 5 amps.) 

Powerstat switch (d.p.s.t.) 

Automatic interval timer (General Electric type T-48, 
120 sec.; available at photographic stores) 

Blower switch (s.p.s.t.) 

Reversing switch (d.p.d.t. with interconnected jaws) 

Variable autotransformer; output 0-115 v. a.c., at 
least 150 v.a. (Powerstat type 116 with terminals con- 
nected to limit output to 115 v. a.c., see text) 

Straight isolation transformer, at least 100 v.a.; maxi- 
mum input and output 115 v. a.c. (UTC type R-73) 
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Figure 2. Motor Drive Details 


Additional Parts for Automatic Current Control 


Flashlight battery; 11/2 v., size D 

Converter-amplifier (Leeds & Northrup type R-820-1, 
used in Speedomax G electronic recorders, see text) 

es} stopper clutch (No. 24 long form, solid, see 
text 

Rubber stopper clutch (No. 0, solid, see text) 

Small gear train, 30:1 reduction. (The one actually 
used -was taken from a surplus electric-motor. ) 

Small induction motor; 115 v., 60-cycle, 2-phase; 
cooled by blower B (balancing motor from Leeds & 
Northrup Speedomax G recorder) 

90-ohm, !/2-watt, wire wound resistor (+10%) 

100-ohm, 2-watt, wire wound potentiometer 

1-ohm, !/2-watt, wire wound resistors (+5%) 

3300-ohm, 1-watt, wire wound resistor (+10%) 

2-ohm, 2-watt, wire wound potentiometer 

Toggle switch (s.p.s.t.) 

Balancing motor switch, s.p.s.t. (located on recorder) 

Amplifier line switch, d.p.s.t. (located on recorder) 


convenient. In the present setup the balancing motor 
was removed from a Speedomax type G electronic 
recorder’ and connected to the current control rheo- 
stat R. as shown in Figure 2. Gear train GT is an 
inexpensive 30:1 reduction train, and the slip clutches 
CL, and CL, are solid rubber stoppers drilled sv the 
shafts will slip when Rz is turned to its limit. The 
motor shaft gears need not be removed, and tbe outer 
one can press against the rubber stopper as illustrated 
in Figure 2. Of course the rheostat should not be 
allowed to reach its limit; otherwise the motor will 
continue running (by slipping the clutches) and »\er- 
heat. This situation can be avoided by using ‘iit 
switches, but they are not essential. The ope:tor 
can hear the motor running against the stops and 
can quickly adjust Ry (or Powerstat T,) to recenter 


5 Leeds & Northrup Company, 4907 Stenton Avenue, Phil wel- 
phia, Pa. 


JOURNAL OF CHEMICAL EDUCATION 


4 

| UNIT | 60~ 

i] 
F RL | Cle 
tame 8 PC | CLUTCH 
BLOWER 
20000 Cy Rio | eT cA | 
— 95 | 100 30:1 + — - CONVERTER 
| | Rie 

| 

Rg Rs 260 260 7— Rig Rig | 

750 MA — 10 | 
x 

390 100 
MANUALLY CONTROLLED APPARATUS SETUP 

Manual Appesratus with Optional Automatic Current Control 
Ae 
cLuten 
Ci, Co. 
BA. 
CA. 
Pp. 
GT. 
M. 

13, Rag. 
Ri. 
Ss. 

Ri. 
Rg. 
R:. 
Rs, Rs. 
RL. 
460 
4 


atrol 


e R-820-1, 
, See text) 
solid, see 


e actually 
itor. ) 

, 2-phase; 
n Leeds & 


0%) 


1%) 


recorder) 
corder ) 


ng motor 
lect ronic 
rol rheo- 
is an 
clutches 
d so the 
‘it. The 
be outer 
lustrated 
| not be 
otor will 
nd «ver- 
ing limit 
operator 
ops and 
recenter 


adel- 


UCATION 


the rheostat. A. blower (Figure 1) should be used to 
keep motor M (and choke L) cool at all times. 

‘The amplifier signal is taken from the potentiometer 
galvanometer G. If the tube current is incorrect 
the galvanometer will deflect and send a signal to 
amplifier CA; then the motor will turn rheostat R. 
and correct the current. Actually the signal was too 
large for the sensitive amplifier used (Leeds & North- 
rup R-820-1), and it had to be cut down by resistors 
Ry and Ry». The sum of Ry and Ry» is 490 ohms, 
and this matches the output of potentiometer P. 
Of course the amplifier signal must have the right 
polarity; otherwise the rheostat will be driven away 
frou. the correct setting instead of toward it (see 
step (9) of the Operation Procedure). Many varia- 
tions of this system are possible: Control units made 
by other manufacturers? can be used, but Ru, Ru, 
and the gear train ratio may need changing to suit 
the new conditions. The motor does not even have 
to be removed from the recorder because rheostat 
R. can be attached directly to the shaft which operates 
the pen. However the motor may overheat, and a 
good blower should still be used to cool it. 


THE DAMPING CIRCUIT 


The balancing motor and gear train have consid- 
erable inertia. Thus rheostat R. will overshoot the 
end point and oscillate back and forth unless the 
system is adequately damped. The Speedomax type G 
recorder has an excellent damping circuit: A reverse 
current to slow down the motor is produced indirectly 
by the recorder slidewire whenever the pen approaches 
the end point. This method is so efficient that some 
models can balance full scale in 0.4 of. a second with- 
out overshoot. However, no reverse current is pro- 
duced in the present setup because the pen and slide- 
wire are not used. Thus the system must be damped 
by some other means, and it is done most effectively 
as follows: First the input filter of the amplifier is 
shorted out (or removed) because it tends to produce 
oscillations (see step (6) of the Preliminary Adjust- 
ments). Then capacitors of proper size (C,; and 
C;) are shunted across the load to dampen the motor. 
These capacitors also filter the rectifier output; thus 
they serve a dual purpose. 

The operation of the damping circuit is illustrated 
in Figure 3, and all components therein are the same as 


Figure 3. Operation of the Damping Circuit 


in Figure 1. Let us assume that the Powerstat is 
adjusted to develop 86 v. across the 169-ohm load 
shown in Figure 3a. According to Ohm’s law 0.51 
amp. will flow through the load, and 0.51 v. will be 
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developed across the 1l-ohm resistor R;. If poten- 
tiometer P is set at only 0.50 v. the motor will rotate 
and increase R, in order to reduce the current. If 
the voltage across the load stays at 86, the load must 
be increased to 172 chms (Figure 3b) to produce a 
0.5-amp. tube current. This may be done by in- 
creasing R, from 2 to 5 ohms as shown in the figure. 
However the voltage will not stay at 86 because the 
output voltage of a rectifier (with capacitor-input 
filter) always varies with the load. When Rz is in- 
creased to produce a 0.5-amp. tube current; the volt- 
age will increase to 87 as shown in Figure 3d, and 
R. must eventually be changed from 2 to 7 ohms to 
correct the current. This voltage increase from 86 
to 87 is not immediate, and the time required for 
the change to take place is proportional to the size 
of C, (and C,). This time lag causes the necessary 
damping, and some examples will be given to explain 
its action: Let us assume we have the 0.5l-amp. tube 
current shown in Figure 3a but desire 0.5 amp. in- 
stead. The motor must increase R, until the balance 
conditions of Figure 3d are eventually met. If C2 
is very small the voltage across the load will increase 
from 86 to 87 just as fast as Re changes from 2 to 7 
ohms. The balance point will be reached abruptly 
and overshot; then the motor will reverse and oscil- 
late back and forth, and it may never come to rest. 
On the other hand if C, is large the voltage will not 
increase from 86 to 87 as fast as Re changes from 
2 to 7 ohms. By the time R, has traveled 80% of its 
distance (from 2 to 6 ohms) the voltage may have 
traveled only 50% of its distance (from 86 to 865. 
as shown in Figure 3c). Now balance conditions 
are met ahead of time (anticipated) because 86.5 v. 
is the correct potential to pass 0.5 amp. through the 
173-ohm load. Of course the motor will overshoot 
and make R, larger than 6 ohms, but then the signal 
current will reverse and exert a braking torque to 
slow down the coasting motor. If C2 is exactly the 
right size the rheostat will decelerate to a stop at 
7 ohms just as the voltage reaches 87 (Figure 3d). 
Equilibrium conditions will be met with the motor 
at rest, and there will be no oscillation. If C2 is too 
large the braking action will come too soon, and the 
motor will have to start up again. The control action 
will be sluggish, and R. may stop at the wrong position. 
If C, and C, are the size specified in the Parts List 
the damping will be excellent provided a Leeds & 
Northrup R-820-1 amplifier, and a 30:1 reduction 
train are used. However, the capacitors are not too 
critical, and the same size will probably work well 
with other control units. 


THE ZERO-OFFSET CONTROL 


Theoretically R: should stop turning when the 
galvanometer is centered. However, spurious a.c. 
voltages (picked up by the signal leads) can drive 
the motor even though the legitimate signal is zero. 
Thus R: may stop turning when the galvanometer 
reads some value other than zero, and the size of the 
error will depend on the size and phase of the spurious 
voltage. These error voltages can be minimized by 
proper wiring techniques (see step (5) of the Prelim- 
inary Adjustments), but it may be difficult to eliminate 
them completely. Even the legitimate signal con- 
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tains some rectifier ripple, and this has 60-cycle com- 
ponent which can shift the null-balance of the amplifier. 
Recorder manufacturers supress a.c. error voltages 
by placing a filter capacitor across the input terminals 
of the amplifier. However in the present setup this 
filter must be removed to prevent oscillations (as 
explained above), and some pickup will be inevitable. 
Thus a zero-offset bridge consisting of resistors Ri; 
to Ris has been included to correct these pickup errors. 


Offset control Rig can be adjusted so the motor will ° 


center the galvanometer when the tube is energized. 
However the galvanometer may not stay centered 
when the current is switched back to the bypass re- 
sistors R; and Rs. This is due to the fact that tube 
coil R; is an inductive load which shifts the phase of 
the spurious voltages, but R; and Rs do not cause a 
phase shift. Thus the pickup error when the tube is 
energized will differ from the error produced when 
R, and Rs are in the circuit, and it is practical to cor- 
rect only one of them (the tube error). 


SENSITIVITY OF THE CONTROL UNIT 


The resistance in the d. c. circuit consists mainly of 
L + Rs + '/2 (Ro + Re) + Ri + 1/2 Rs + Rg (Fig- 
ure 1), and it adds up to about 220 ohms. The motor 
will keep Rz within 2 rheostet windings (0.1 ohm). 
of the correct position, and this represents 1/2200 
of the total resistance. Therefore the control unit 
will regulate the tube current to better than one part in 
a thousand which is all that is required.! If GT is 
a 30:1 reduction train the motor can turn the 10-ohm 
rheostat R» from one end to the other in about 2 seconds. 
Thus a 10-ohm error in the 220-ohm circuit can theoret- 
ically be corrected in 2 seconds, or a 1% error in 0.5 sec- 
onds. In actual practice the correction rate is not quite 
this fast because small error signals will make the motor 
turn more slowly. However, the largest error that 
ever occurs takes place when relay RL switches the 


load, and even this is corrected in about half a second. . 


PRELIMINARY ADJUSTMENTS 


The following should be done before the setup in 
Figure 1 is placed in operation: (If the automatic 
control unit is left out do steps (7) through (12) only.) 


(1) Adjust rheostat R, to have a minimum torque; then ad- 
just the shaft to extend through both ends of the case. 

(2) If a recorder is used, remove the balancing motor and 
connect it (through gear train GT) to the bottom end of the rheo- 
stat shaft as shown in Figure 2; then attach a pointer type knob 
to the other end of the shaft. 

(3) Be sure clutches CL; and CL, can slip when R, is turned 
to its limit. 

(4) Ifa recorder is used, remove the chart-motor fuse or dis- 
connect the motor leads. Leave the chart and pen in place. 

(5) Make the low voltage leads as short as possible, twist 
them together to reduce pickup, and keep them away from all 
lines and components containing a.c. or fluctuating d.c. volt- 
ages. (The low voltage leads include all wiring and parts from 
aaa CA down through potentiometer P and up to resistor 

(6) Connect the signal leads directly to the amplifier itself 
and short out (or disconnect) the input filter. Be sure the nega- 
tive lead is also connected to the amplifier chassis and to ground. 
(If a Leeds & Northrup R-820-1 amplifier is used get a separate 
male input plug (Cinch No. M-61)). Attach the positive signal 
lead to terminal 2 and the negative lead to 5. Connect terminals 
4 and 5 together to short out the filter; then attach 5 to the 
chassis and ground the latter. 


(7) Be sure the e.m.f. leads from potentiometer P are con. 
nected directly to the terminals of precision resistor R. 

(8) Adjust relay RL so the contacts are as close togeth:r as 
possible without danger of malfunctioning. This will r¢ duce 
the dead space and minimize galvanometer kick when the load 
is switched. 

(9) Adjust R; so that R; plus Rg (set at midposition) hs; the 
same resistance as tube coil R;. Use an ordinary ohmmet¢r for 
this measurement, and if necessary readjust Rs to get a ood 
match. 

(10) Limit the output of Powerstat T, to 115 v. ac. (If 
Powerstat type 116 is used remove the knob, outer case, and 
terminal box cover; then change the wire on terminal 2 to posi- 
tion 4.) 

(11) Besure a l-amp. fuse (F) is placed in the Powerstat. 

(12) Set R; at maximum resistance, Rz and Ry» at midposition, 
and Powerstat T, at 0-volts. Connect the Powerstat to the a. 
line, switch on the current, and turn up the voltage to maximum. 
Now adjust R; to let 650 ma. flow through meter A; then turn 
the Powerstat back to 0-volts and switch off the current. 


OPERATION PROCEDURE 


(1) Be sure Powerstat T; is turned to 0-volts and that timer 
switch S2 and motor switch S, are turned off. 

(2) Set controls Re, Re, Riz, and Ris at their midpositions. 

(3) Plug in all a.c. lines including that of blower B. 

(4) Turn on switches §,, S;, S;, and S; (S, may be in either 
position). 

(5) Turn up the Powerstat until the desired current flows 
through meter A. (400 ma. is a good current to start with.) 

(6) Set the dials of potentiometer P so the voltage is numer- 
ically equal to the desired current (400 mv. in the above example). 

(7) Standardize the potentiometer against a standard cell. 
(A precision of 0.1 mv. is satisfactory.) 

(8) Switch the potentiometer to e.m.f. and tap the galva- 
nometer key. If the needle deflects center it by adjusting Power- 
stat T; and vernier control Rs. 

(9) Lock down the galvanometer key that has no protective 
resistor; then turn on motor switch Ss. (The motor should keep 
the galvanometer needle at a constant value near zero. If the 
needle is driven away from zero reverse the signal leads at points 
X and Y (Figure 1).) 

(10) Increase Rj: if the motor control is sluggish. Decrease 
Rx if the motor tends to oscillate or quiver. 

(11) Set interval timer §, for 5 seconds. 

(12) Push the timer button to energize the tube; then adjust 
R, to make the motor center rheostat Re. This adjustment 
should be done before the 5 seconds are up. 

(13) When the timer snaps off, rheostat Re may move to a new 
position. Adjust R; to recenter it (thus making R; plus Rs equal 
to the tube resistance). 

(14) Press the timer button again; then adjust Ris to make 
the galvanometer read zero when the tube is energized. (The 
galvanometer may not read zero after the timer snaps off.) 

(15) Now push the timer button and get the polarimeter read- 
ing. Wait 30 seconds, throw switch S, to reverse the tube cur- 
rent, then get a second reading. The difference between thc two 
values is 2a (see previous paper).! 

(16) Turn off motor switch S., unlock the galvanometer key, 
and restandardize the potentiometer. Then lock the key again 
and switch on the motor. 

(17) Wait 30 seconds then repeat step (15) to get another set 
of values. Continue steps (16) and (15) to get additiona! read- 


ings. 

(18) If rheostat Rz should drift toward one of its ‘imits 
recenter it by turning vernier Ry (or Powerstat T,). If li. gets 
very hot readjust Rs by repeating steps (12) and (13). 

(19) When finished turn off motor switch S., unloc\ the 
galvanometer key, turn the Powerstat back to 0-volts, s!.\t off 
all current (including switch §;), and disconnect the poten 'iom- 
eter batteries and standard cell. 

(20) If a different tube current is desired start again :' step 
(1) of the Operation Procedure. 


MANUAL OPERATION 


If the automatic control unit is left out, the ~tup 
may be operated manually as follows: 


(1) Dosteps (7) through (12) of the Preliminary Adjust -nts. 
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(2) Do steps (1) through (8) of the Operation Procedure. 


(3: Lock down the galvanometer key that has no protective 
resis‘ or. 

(4 Set interval timer S, for 5 seconds. 

(5\ Push the timer button to energize the tube. If the gal- 
vancmeter deflects adjust Ry to recenter it before the 5 seconds 


When the timer snaps off, the galvanometer may deflect 

agai. Adjust Rs; to recenter it (thus making R; plus R, equal to 
the tube resistance). 

(7, Do step (15) of the Operation Procedure and have a sec- 


ond person control Re manually to keep the galvanometer cen- 


tered. 

(8) Wait 30 seconds (during which time restandardize the 
potentiometer) then repeat the above step to get another set of 
values. Continue this repetition to get additional readings. 

(9) If rheostat R; should drift toward one of its limits re- 
center it by turning vernier Ry (or Powerstat T,). If R; gets very 
hot readjust Rs by repeating steps (5) and (6) of this section. 

(10) See steps (19) and (20) of the Operation Procedure. 


ERRORS CAUSED BY A.C. IN THE TUBE COIL 


Pulsating current in the tube coil can cause errors in 
the polarimeter readings. These are undergoing fur- 
ther investigation, and some preliminary findings 
are outlined below: 

(1) Pulsating current will cause the polarimeter 
fields to flicker, and this will make them difficult to 
match. The operator cannot see this 120-cycle fluctua- 
tion; nevertheless it will lower the precision of his 
readings. The polarimeter used with the present 
setup could be read reproducibly to the nearest 0.01°. 
When filtered d.c. was sent through the coil the average 
deviation in a series of readings was zero. However 
the a.d. rose to 15 parts per thousand when unfiltered 
d.c. was used. 

(2) The actual readings (not just the precision) 
will vary with the amount of a.c. in the coil when 
the ripple wave is unsymmetrical. A rectified sine 
wave is unsymmetrical, and it can produce errors 
as large as 5%. 

(3) The readings will vary with the shape of the 
wave. A pure sine wave (symmetrical) will produce 
no error whereas a distorted wave of the same ampli- 
tude can produce errors even greater than 5%. 

(4) The readings will vary with the half shade 
angle (Laurent) of the polarimeter when an unsym- 
metrical wave is in the coil, and the variation can 
amount to more than 2%. 

Obviously the above errors should be eliminated, 
and filter C,, L, Ce is included to remove them. It 
reduces the a.c. ripple to 0.1% of its original value, 
and makes the errors negligible as far as the present 
setup is concerned. Of course the filter is necessary 


when automatic current control is used because it 
dampens the motor and reduces spurious a.c. voltages. 


PERFORMANCE 


Table 1 shows some typical results obtained with 
the present apparatus. They are not the same as the 
results in the previous article! because the earlier set- 
up had no filter to smooth the rectifier ripple. This 
should have made the former results 5% too high, 
but a constant voltage transformer was used, and 
this distorted the wave and lowered the values again. 
Therefore the results from both setups are nearly 
the same, and the earlier results are correct only by 
accident. A different (and better) standard resistor 
R, is used with the present apparatus, but the dif- 
ference between the two resistors is less than 1%. 
An examination of Table 1 will show in each case that 
2a is proportional to the tube current to the nearest 
0.01°. 


TABLE 1 
Magnetic Rotations of Water and CS, 
Carbon disul fide 


2a D I 
in amps. 


Water 


in amps. 


The quick action of the control unit allows the 
readings to be taken before the liquids warm up and 
striate. Thus low-boiling liquids such as carbon di- 
sulfide can be measured accurately even with as much 
as 0.3 amp. in the tube coil. The Verdet constant 
V of carbon disulfide may be calculated as follows: 
(See equation (4) of the previous paper.)! 


Ves, = 0.01307 X 3.80/1.183 = 0.0420 min./cm. oersted 


where 0.01307 is the Verdet constant of water at 
>°C., and 3.80 and 1.183 are the magnetic rotations 
of carbon disulfide and water with 0.2 amp. in the 
coil (averaged from the values in Table 1). The new 
setup is accurate to 1 part in 400 even with organic 
liquids, and only 1% accuracy was claimed for the 
old setup. The Verdet constant of CS, obtained 
with the new apparatus is 0.0420 min./cm. oersted 
whereas the old apparatus gave a result of 0.0424. 
The literature value is 0.04206.° 


6 See the previous paper! for calculated value based on report 
of Wartna, C., H. Hyman, ann S. Srernatser, J. Am. Chem. Soc., 
63, 1985 (1941). 
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R. W. Woop. 


“R. W. Wood pflegte sein Essen in einer kleinen Pariser Pension einzunehmen. 


Als es Gefliigel gab, bestreute er zum Staunen der Tischnachbarn die Knochenreste auf den Tel- 


lern mit einem weiszen Pulver. 


bracht und tropfte etwas von der Suppe in die Flamme. 
‘Das dachte ich mir,’ erliuterte er den verwunderten Pensionsgiisten, ‘ich wollte 


mit dem Kopf. 


nur wissen, ob die Knochen nochmals zur Suppe kommen. 


Lithium-chlorid bestreut. .. .’’’ 


Am niachsten Tag hatte er einen kleinen Spiritusbrenner mitge- 


Als sie sich rot fairbte, nickte er befriedigt 


Darum habe ich sie gestern mit 


(See p. 466) 


1 “Chemiker-Anekdoten,”’ p. 63 (see THIS JOURNAL, 35, 229 (1958)). 
den Titel ‘Was Nicht in den Annalen steht’’ (p. 101). 
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Desprrre recent Russian advances in technology 
American scientists can still pride themselves on their 
over-all efficiency and high rate of productivity. This 
they have achieved in part through emphasis on 
mechanization, instrumentation, and well-planned time 
studies. Surprisingly enough, however, while diligently 
approaching the more complex problems through such 
practices some of the more mundane and immediate 
problems about them are being casually overlooked. 

One such example involves the English language it- 
self and improved means for expediting its written 
expression through typing and a suitable shorthand. 
An attempt is made here to outline some of the reasons 
why these subjects have been generally neglected by 
chemists and why they should be taken more seriously 
in the future. 

Chemists and other professionals have long felt that 
shorthand and typing were nonprofessional skills. 
This is substantiated by the virtually complete lack 
of reference to them in the chemical literature. No 
doubt this attitude originates not only with the chemist 
himself but with society as well which has relegated 
these subjects to the otherwise ‘‘uninitiated.”’ The 
result has been that competence in them has become 
identified with lack of professional dignity and intel- 
lectual capacity. 

This should not be. Certainly with shorthand, it 
is common knowledge that individuals of low I.Q. 
show less aptitude and ability in learning and apply- 
ing it than those of high I.Q. Incidentally, both 
Presidents Madison and Wilson were known to be 
shorthand experts. Both utilized their knowledge 
most effectively throughout their entire political career. 


GENERAL ADVANTAGES 


Guerard! quite appropriately has assigned ten 
levels of development to speech. The lowest he has 
represented as sheerest reflex—characterized by the 
cry, the groan, or the sigh; the highest as a highly 
intellectual silence—the language of the mystic. As 
we have not as yet developed thought transference we 
can dismiss consideration of this tenth level for trans- 
mission of ideas, but all writers, including chemists, 
may and rightly should aspire to reach some reasonably 
high level below it. 

As with speech, so also writing may have its ten 
levels: with longhand located at some intermediate 
level, and shorthand and typing nearer the top. As 
there is every justification for striving to attain the 
highest possible level in our oral aptitudes so also 


1 Guerarp, A. L., Amer. Scholar, 16, 594-5 (April 30, 1945). 


SHORTHAND AND TYPING FOR THE CHEMIST 


JAMES KANEGIS 
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Department of Commerce, Washington 25, D. C. 


should there be equal justification in our writing 
aptitudes. 

Shorthand and typing have permanent advantzges 
as well. With typing, for instance, approximately 
80% of all those who study it in school apply it sub- 
sequently in one form or another in their everyday 
lives. Many chemists find it so useful that, lacking 
typing knowledge, they belatedly devise a pick-and- 
peck, two-and-three finger typing system of their own 
to meet their daily demands. Unfortunately, this 
often defeats their own best interests because when 
they later decide to convert to the more efficient 
touch typing system they find their ‘“pick-and-peck” 
reflexes obstinate stumbling blocks. 

While “old timers” can profit by mastering short- 
hand and typing, the advantages they offer to students 
in particular are even more obvious and pronounced. 
Lengthier and more carefully conceived lecture notes 
can be prepared because they will have more time to 
analyze their teacher’s comments. This leads to 
better subject comprehension and to better grades. 
Teachers gain also, for typed reports are obviously 
more legible and easier on their nerves. 

Increased Speed. One of the most obvious advan- 
tages of shorthand and typing, of course, is increased 
writing speed. The time and effort saved are dif- 
ficult to estimate since they vary considerably among 
individuals. However, comparing shorthand with 
longhand on a stroke for stroke basis, and with equal 
writing proficiency, the former can be expected to 
cover approximately four times as much material as 
the latter in the same time. When short forms are 
used (abbreviated shorthand outlines) this disparity 
increases still further. 

Typing, conventional and especially Dvorak (U.S.P. 
2040248), offers the chance for a similar speed-up, 
and obviously with greater legibility. Speeds of 
sixty to ninety words per minute are very common 
typing speeds. 

Easily Applied. Shorthand may be applied as 
learned; indeed, most authorities urge imme:iate 
application along with longhand wherever the op- 
portunity presents itself—during lecture course, 0 
the laboratory, at the office, or in one’s varie! as- 
signments. The only limitation is that what s!ort- 
hand is learned should first be learned thoroughly «nd 
application attempted only when it involves nv ap- 
preciable hesitation. 

What progress may one expect in shorthand \ hen 
using this approach? Again estimates are dif! cult 
to develop. One authority has suggested that «iter 
the first few weeks written notes should average !\)"c~ 
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50°, shorthand;- after some 21 weeks 20%-70%; 
and after 31 weeks 20%-90%, depending largely upon 
the nature and difficulty of the material to which it is 
applied. 

The high percentages noted above arise largely from 
the fact that so much of our written language involves 
so few words and phrases. Zoubek? in making a 
phrase-frequency count involving diversified business 
dictation found that some 100 shorthand phrases out 
of a possible 3500 accounted for 50% of the 33,000 
shorthand phrases found therein. This was for a total 
of 250,000 running words. 

Unfortunately, while no such study has been made 
on technical material the probability is that coverage 
under similar circumstances, with basic technical 
shorthand phrases suitably developed, might even 
exceed this 50% figure. Many such phrases would be 
nontechnical. 

Easily Learned. The Gregg system of shorthand, 
now the definite choice among shorthand schools, is 
actually amazingly similar to longhand—and by its 
originator’s own express plan. For this reason it is 
unnecessary to undergo any extensive writing re- 
education in mastering it. The writing paper is 
positioned as in normal writing and the same direc- 
tional strokes and curves are employed. 

Typing is easily learned, the most important re- 
quirements being to develop sufficient finger dex- 
terity and discipline. This is simpler for those who 
have either developed them through previous finger 
disciplines, such as piano playing, or who have youth 
on their side. Ricketts* in teaching typing to eleven 
children in the fifth, sixth, and seventh grades, was so 
impressed with their progress that he formally recom- 
mended its inclusion in the regular sixth grade cur- 
riculum, no higher than the seventh grade. 

Still another study aspect which should not be 
neglected is self-instruction. Both subjects, especially 
typing, are readily self-taught. For the latter, a 
practice book and typewriter will cover the major 
needs. 

One common misconception is that shorthand is 
harder to learn than longhand, probably based upon an 
ingrained feeling that any subject taught first is nec- 
essarily the easier. Were we to study both at an 
early age, however, we might well find that the con- 
verse is true in this case. This really would not be 
surprising for logically shorthand is the simpler of 
the two, being more phonetic and more coordinated 
in structure. Nowadays, children are being taught 
word comprehension not so much through concentration 
on the alphabet but on the aggregate word itself. 
Shorthand words are even more amenable to such an 
approach for their outlines are not only simpler but 
are composed of single curvilinear strokes in most 
instances. 


AID TO CLEARER THINKING 


A momentary digression is needed to emphasize 
how shorthand and typing can aid clearer thinking. 
It is not generally realized that when man developed 


*Lesiig, L. A., anv C. E. Zousex, “A List of Changes in 
the New Gregg Shorthand Manual,’’ Gregg Publishing Co. 
(Now McGraw-Hill Book Co.), New York. 1949. 

*Rickerrs, M. C., Balance Sheet, 31, 292 (March, 1950). 
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language he raised himself by his own bootstraps and 
automatically improved his intellectual superiority 
over the other primates. We commonly attribute 
less intelligence to the latter because they have a 
smaller and less organized brain. No one can argue 
this, yet how surprised might we be if we discovered 
that a very significant additional factor was the ab- 
sence of a language to permit expression and develop- 
ment of their thoughts and impressions. 

This may seem circular since supposedly they have 
no language because they lack the necessary intel- 
ligence. Such reason, however, could be somewhat 
non sequitur since it represents a considerable over- 
simplification. 'We must remember that man makes a 
very concerted effort to be language conscious. Other 
animals, for numerous reasons, do not. It would be 
interesting to pursue this further but to do so would 
be getting outside the range of this discussion. We 
might ponder upon the increased ‘“‘intelligence” a 
monkey might show, for example, if it could be made 
to develop enough language ability and consciousness 
to use it as an intelligent tool. 

Man himself has become so dependent upon lan- 
guage that it appears to permeate his every thought. 
Even those which are unexpressed are likely to be 
inextricably intertwined with language. Certainly 
comprehension of such thoughts (a conscious act) 
would appear to necessitate some implied expression 
and Santayana was probably correct in his assumption 
that speaking to oneself preceded oral (and written) 
expression. 

As for reasoning, the next higher level above compre- 
hension, the place for language is more obvious. 
Mainly man attains his highest level of intelligent 
thinking or reasoning only by using it as a modus 
operandi. It systematizes his concepts and thought 
patterns and assists in their subsequent evolutionary 
development. The more rapidly the thoughts can 
be expressed the more rapidly can they evolve to a 
higher level. Here is where shorthand and typing 
fit admirably. They offer rapidity. 

They also expedite recall. While nebulous thoughts 
may seem fully spontaneous, their evolution, develop- 
ment, and intellectual fruition are in large part gov- 
erned by our ability at expressing them. The deeper 
such thoughts lie in the subconscious, and fainter the 
intellect’s focus on them for the fleeting moment they 
pass into consciousness, the less can they be nurtured 
or otherwise clarified. Shorthand and typing will 
clutch them before they flee. By permitting written 
retention more in step with the natural temporal 
development of the thoughts themselves, moreover, 
they can actually improve the quality of written 
expression mirroring these thoughts. 


SPECIALIZED SHORTHAND 


Many have argued that typing is readily applicable 
to almost any form of technical expression by the 
fact that it is almost solely composed of English letters 
and numbers, but that shorthand is not as applicable— 
this therefore being the latter’s inherent limitation. 
This is only partly true. Basic shorthand partially 
answers the needs of most individuals regardless of 
their specialization. 

While it is true that the greater the specialization 


i 


the greater the misfit generally, in the case of chemistry 
and related sciences there is no misfit since their ter- 
minology lends itself admirably to _ specialized 
shorthand forms. Such forms are readily developed 
and systematized.‘ 


Oxides 


silver oxide 


silver ion To 


phosphate ion J 


The illustrations in Figure 1 exemplify this more 
clearly. In the case of anhydrides, for example, the 
theoretical increase in speed for a specialized technical 
shorthand over conventional. shorthand may be three- 
fold, and there seems little doubt that their outlines 
can be written faster than it is possible to express 
them. Oddly enough there is more logic behind such 
short forms than behind the ordinary ones so common 
to nontechnical shorthand. This logic would be more 
apparent to one knowledgeable of chemical terminol- 
ogy than one not so knowledgeable. For this reason 
it is true that a technical background can be a great 


‘Eprror’s Note: See James, “Chemical and 
Technical Stenography (Gregg System),’’ 1947, 387 pp. $5. 
Author’s address: 3907 Madison St., Hyattsville, Md. 


help in studying and applying technical shorthand. 

As a further illustration of technical shorthand. 
balanced chemical reaction manufactured to include 
many of the commoner chemical elements and grow ps 
is presented in Figure 2. This reaction has b:en 
written in shorthand in two ways. Even with no 
knowledge of shorthand it is apparent that the eqia- 
tion may be written much more rapidly in shorth:nd 
than in longhand. In fact the word eauation is writen 
more rapidly than the formula equation—reversing 
the longhand relationship between the two. 


Chemical Equation in Formula Form 
633 (NH,,)2S03 + 174 Fe, [Fe(cn)g] 3 +1086 H2S20g ——> 


1221 NH,NO3 + 283 Fep(S0,)3+ 652 Fe(CNS)3 + 1176 H2C03 


633—2 4, + (74h (dog + 106 
(22/ g——v,+ + + “4, 


Some Equation in Word Form 
C33 (0966 — 


/22/ ore #273 ~ + 17670 
Figure 2 


SUMMARY 


The importance of typing and shorthand for those 
contemplating professional careers is not adequately 
appreciated by both professionals and educators. 
A reorientation in attitude is clearly indicated. While 
our school curricula is already overcrowded some 
means should be found for permitting these subjects 
to displace others of less universal value. 

Their application to our daily lives will save con- 
siderable time and effort, will lead to increased cover- 
age, and will clarify and broaden thinking. They 
will lend perspicacity to our reasoning. Typing it- 
self permits preparation of more presentable reports 
and generally has the intrinsic advantages of shorthand. 

Both subjects are easily learned and applied and 
may be self-taught if necessary. Specialized shorthand 
leads to still higher writing speeds and greater accuracy 
and should be studied ultimately. 


CHEMIKER-ANEKDOTEN—R. W. WOOD 


In Paris Professor Wood ate in a small boarding house. When there was fowl for dinner he 

astonished his tablemates by sprinkling a white powder on the bones left on the plates. Next day 

he brought along a small alcohol lamp and tested a drop of soup in the flame. Seeing a red flash, 

he chortled triumphantly, “I knew it!’ Then he explained to his astonished audience, “I only 

wanted to know if the bones go into the soup, so yesterday I sprinkled them with lithium chloride.’’ 
(See p. 463) 
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copper hydroxide copper oxide 
cupric hydroxide >) cupric oxide ae 
lead hydroxide lead dioxide 
acetic anhydride Qe silver salt wae 
phosphoric anhydride Phosphate salt 
= 
+ 
4 
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* CHOOSING A CHEMICAL KEYBOARD FOR 


YOUR TYPEWRITER 


Tus individual chemist, the curator in a college 
laboratory, and the office manager in a chemical 
company all face the problem at some time of choosing 
the best keyboard arrangement for a typewriter in- 
tended primarily for the preparation of chemical 
correspondence, manuscripts, and theses. Of course, 
the final decision belongs to each individual, but there 
are 2 number of pertinent points that should be con- 
sidered before ordering a new typewriter with the 
keys rearranged so that one can type 


a + Be = A; or 10% = B* + AH; 


or 
= — 12.4; + 0.07 keal./mole 


without taking his fingers from the keyboard even to 
roll the carriage. 

A wide variety of converted or hybrid keyboards 
¢an be found and an amazing number show keyboard 
arrangements that have not taken much account of 
the finger training originally received by the typist 
in his touch typewriting class in high school or college.! 
It has often been pointed out that a typist who works 
regularly with a revised keyboard can adapt to var- 
iations, but certainly the changes made should do as 
little as possible to confuse the reaches and responses of 
the well-trained typist. On the common chemical 
keyboard one finds the entire system of numbers 
shifted one key to the right from the usual position, 
and even after a year of “adaptation,” a well-trained 
typist will not have full confidence when typing num- 
bers. Such arrangements promote errors and reduce 
speed since the typist must be extremely careful not 
to lapse into the habits which were so thoroughly 
developed in building the skill. 

Other common but undesirable placements of the 
keys include (1) rearrangement of the comma, period, 
question mark, and slash from regular places on the 
keyboard; (2) omission of the often-used asterisk to 
make a place for a Greek letter, degree sign, or some 
other symbol that is frequently even less useful; (3) 
failure to put symbols normally struck with the shift 
key copressed in a shift position, even though special 
or unusual symbols (which will probably be stroked 
while 'ooking at the keyboard) occupy such places. 
_All of the major typewriter companies have avail- 


‘Ku vey, J. H., Abstracts of the 132nd Meeting of the Ameri- 
can Chemical Society, New York, September, 1957, p. 8G. 

* Av.ilable from IBM and Remington dealers. 

*Stovg, H. W., J. Cuem. Epvuc., 14, 243 (1937). Kunz, A. 
H., J. Epuc., 27, 568 (1950). 


VOLUME 35, NO. 9, SEPTEMBER, 1958 


University of Wisconsin, Madison 


MARY LOU MARGRAVE 


Monona Grove High School, Madison, Wisconsin 


JOHN L. MARGRAVE 


able large stocks of letter-symbol combinations and 
for a small fee can replace keys or interchange key 
positions. Special keys can also be made to order. 
On the ordinary 43-key (86-character) keyboard one 
may choose to replace the regular number-symbol 
keys with numbers and their corresponding sub-num- 
bers (deponents) and then use the remaining eight 
keys for 

or any other symbols desired. To get 92 characters 
instead of the 86, one may order a wide-frame machine 
which has space for 46 keys. This larger keyboard 
allows a more extensive choice of symbols. 

The keyboards in the figure represent two logical, 
tested arrangements for chemical use that will not 
frustrate the well-trained typist but instead, help 
maintain speed and accuracy even on very techincal 
work. 

Additional versatility for a chemical typewriter can 
be obtained with interchangeable type bars or clip-on 
key faces,? and with variable line-space ratchets.* 
Kunz combined a half-space ratchet with a slightly 
modified keyboard, but needed extra space between 
typed lines to prevent overlap of subscripts or super- 
scripts with lines below or above. The various car- 
riage widths available should also be considered be- 
fore ordering a new machine. 

(a 
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THE CURRENT RESEARCH EFFORT IN THE 
UNITED STATES, RUSSIA, AND OTHER 
COUNTRIES 


Ix rue present discussion of the relative scientific 
efforts and attainments in this country and Russia 
few facts have been brought out except some allegations 
as to the number of “scientists and engineers” presently 
being trained in this country and Russia. It has 
seemed that an objective approach would be to examine 
the recent record as shown by Chemical Abstracts, 
noting the number of articles abstracted and the 
inches of space for these abstracts as being a fair meas- 
ure of the amount of work done and the new data 
presented. 

A kind of Gallup poll method has been employed. A 
random selection of five recent issues of Chemical 
Abstracts in 1957 and 1958 was studied. Six subjects 
were selected, two as being almost wholly in funda- 
mental research, (general and physical chemistry and 
organic chemistry), one as representing an industrial 
subject (metallurgy and metallography), electronics 
and nuclear phenomena, and also general biological 
chemistry and pathology. The comparisons for elec- 
tronics and nuclear phenomena are not as significant as 
the other subjects since it is known that much of this 
material is “classified” in the United States and with- 
held from publication, and it is safe to assume that 
this is true also in Russia. ; 

Although the accuracy of the comparison would 
probably be increased by examining a larger number of 
issues and perhaps for a year or more, the present 
inquiry covers a total of 6494 abstracts, divided as 
follows: metallurgy and metallography 755, general 
and physical chemistry 896, organic chemistry 1364, 
electronics and nuclear phenomena 2151, general 
biological chemistry 713, and pathology 615. The 
conclusions that may be drawn from the results are 
quite definite, and the relative amounts of research 
effort expended on these subjects in the countries 
listed is unmistakable. The space in Chemical Ab- 
stracts is important since only new data are reported. 

Organic Chemistry. The United States is far ahead 
of all other countries in both the number of published 
researches and the amount of new data, as shown by 
Chemical Abstracts. 


Organic Chemistry, Abstracts 
Country 
(1) United States 
(2) England 
(3) Germany 
(4) Japan 
(5) Russia 
(6) France 
(7) All others (total) 


BENJAMIN T. BROOKS’ 
New York, N. Y. 


It is apparent that in this field Germany stands in 
third place and rather close to Japan, although Germans 
continue to publish many outstanding and important 
researches, as all organic chemists know. Also the 
other countries, not separately listed, contribute 
many individually important researches, especially 
Italy, Austria, Czechoslovakia, and Belgium. 

General and Physical Chemistry. The United States 
and Russia show substantially the same number of 
published researches and amount of new data and the 
present figures slightly favor the Russians, but the 
difference is not significant. The interesting fact is 
that in this field Russia definitely does more than is 
done in other countries, including England and Ger- 
many. 

General and Physical Chemistry, Abstracts 
Country Number Inches of space 

(1) Russia 

(2) United States 

(3) England 

(4) Germany 

(5) Japan 

(6) France 

(7) Others (total) 

Metallurgy and Metallography. In this field Russia 
is definitely ahead in current research effort. The space 
required for new data is significant since Chemical 
Abstracts gives no space to review material. 


Metallurgy and Metallography, Abstracts 
Country Inches of spac: 

(1) Russia 

(2) United States 

(3) Japan 

(4) Germany 

(5) England 

(6) France 

(7) Others (total) 


It should be kept in mind that these figures do not 
reflect the degree of technical excellence of this indu-try 
in the several countries but the current research ef! rt. 
In the past, England, Germany, and the United St::tes 
were in the forefront with respect to important tech: cal 
developments. 

Electronics and Nuclear Phenomena. As ‘ed 
above, the close relation of much research in tiivse 
subjects to national defense vitiates any real (¢)1- 
parison of activities in these fields. However, the «ita 
show that the United States either has a more lil ral 
policy with respect to publication of such work or 


1 Consulting Chemist, 405 Lexington Avenue, New Yor |’, 
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that the number of theoretical researches or industrial 
applications not considered vital to national defense 
produced by research workers in this country greatly 
excecds that of Russia and other countries. 


Electronics and Nuclear Phenomena, Abstracts 
Country Number Inches of space 
1) United States ‘ 1293 
2) Russia 400 
3) England 247 
(4) Japan 229 
(5) France 176 
(6) Germany 162 
(7) Others (total) 394 


Relatively small differences in the above figures are 
probably not really significant, as for example the data, 
for this field, of England, Japan, France, and Germany; 
however, as in the other summaries, the major results 
are meaningful. 

General Biological Chemistry and Pathology. The 
relative amounts of published research in these fields is 
of interest as being outside of Russia’s industrial 
program, and much of the work, as in the general 
field of medical research, is done for the love of science 
and for the good of the public. The results are as 
follows, for five issues of Chemical Abstracts. Japan’s 
position in second place is noteworthy. 


Biological Chemistry—General 
Country Inches of space 

(1) United States 
(2) Japan 
(3) Germany 
(4) England 
(5) Russia 
(6) France 

Others 


(1) United States 

(2) Japan 

(3) Germany 

(4) Russia 

(5) England 

(6) France 
Others 


Epiror’s Nore: The Editor, mindful of the fact that the most 
recent discussion of this subject in print was the Priestley Medal 
Address by E. J. Cran, Director, Chemical Abstracts Service, 
which appeared in Chemical and Engineering News, 29, 4250 
(1951), asked Dr. Crane to read the manuscript of the paper here 
presented. (See also J. Cuem. Epuc., 34, 585 (1957).) His en- 
dorsement adds interest and value to the discussion. We appre- 
clate permission to quote from his letter as follows: 

“I do not question Brooks’ conclusions beyond the suspicion 
that his sampling has not been extensive enough. I say this be- 
cause we know of certain irregularities with which he would not 


be familiar. For example, for a while we have been short on - 


abstractors who are familiar with the field of metallurgy and 
know the Russian language. This sort of thing sometimes means 
that when we succeed in getting help in a field, like metallurgy, 
there is a spurt from catching up. Some of the numbers chosen 
may show such a spurt. This is not necessarily true, however. 
belie, the Russians have been placing emphasis on metallurgy 
instead of biochemistry. 

_ “It is true that we allot more space for abstracts of publications 
in Russian or Japanese than we do for more readily available 


Ai We have a rule in our Directions which reads as 
OUOWs : 
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CONCLUSIONS 


Certain inaccuracies in the method used here are 
freely admitted, but it is believed these inaccuracies do 
not vitiate the comparisons in cases showing unmis- 
takable relative research efforts. Thus some scien- 
tists sometimes publish their results in other countries, 
as for example Japanese in American chemical journals, 
Americans in English publications, and vice versa, 
and a few journals are conspicuously international 
in character, as for example Helvetica Chimica. Acta in 
Switzerland and the new journal of organic chemistry 
Tetrahedron, published in England. Russians formerly 
published their work very frequently in German jour- 
nals. However, the over-all summaries probably well 
reflect the national efforts. Patents were not counted 
in this survey. 

The present summaries obviously make no com- 
parisons with the past, but Germany evidently shows 
some of the effects of the Nazi regime and the last two 
world wars. Japanese scientists are taking an in- 
creasingly important position in these chemical fields, 
and the Russians obviously so. If relative size of 
population were taken into account, England’s position 
would be much higher. 

Another fact apparent from this survey of Chemical 
Abstracts is the large number of Russian chemists who 
are now doing research. This means that most of this 
number must have started their scientific training at 
least six or eight years ago. Also it is apparent that 
many of the Russian chemists are interested in basic or 
fundamental research in much the same way, or with 
the same mental attitude, that has characterized much 
of the German work. However, even a very casual 
survey of Chemical Abstracts should quickly convince 
anyone that much important scientific research is 
being done in al/ countries. 


34. The source of a paper is of importance in deciding the 
amount of detail to include in the abstract. E.g., papers 
should be abstracted in some detail when they are available 
to relatively few American chemists, either because the jour- 
nal in which they appear is a rare one or because the language 
is one not read by many in thiscountry. Papers in the Amer- 
ican Chemical Society’s own journals should be abstracted 
more briefly, yet in sufficient fullness for purposes of the 
index. 


“However, inasmuch as Chemical Abstracts believes in making 
all abstracts complete from the indexing point of view, the differ- 
ence here is not so very great. In some countries there is a 
tendency to publish more often and more briefly than in others 
so that both counts and space measurements are only rough indi- 
cations in making national comparisons. I know of no significant 
differences in practice of this sort as between Russia and the 
United States. 


“Our present belief is that Russia is second among nations in 
scientific research activity (about 14% of the total) with the 
United States a strong first at about double the Russian activity 
of this kind.” 


ts 
space 
Pathology 
188 347.6 
55 92.4 
55 68.1 
50 74.8 
36 59.5 
| 25 36.5 
206 300.5 
* * 
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ANTOINE-LAURENT LAVOISIER AND THE 
FRENCH REVOLUTION —IV' 


As 1 nave recently pointed out,? the enigma of the re- 
lationship between Antoine Laurent Lavoisier (1743-— 
1794) and Antoine Francois Fourcroy (1755-1809) re- 
mains unsolved; a definitive biography of both men is 
also sorely needed. Further, one of the great difficulties 
in trying to form a picture of Lavoisier is the almost 
complete lack of contemporary anecdotes about him or 
other information relating to his private life. It is 
especially hard to document his activities during the 
French Revolution. 

A recent bibliographic find has brought to light a first- 
hand account of an encounter with Lavoisier and Four- 
croy during the troubled times of the Revolution. The 
story is to be found in the very rare autobiographical 
memoirs of Jean Michel Raymond-Latour* (1766-— 
1837). As the account of the incident is not recorded 
elsewhere and is interesting from several points of view, 
it is printed here in extenso in a free English translation. 
The incident probably occurred in early 1792, or possi- 
bly late 1791. 


One of the fads of the wealthy lords of the ancien régime was to 
own a cabinet de physique embellished with beautiful equipment 
and a chemical laboratory well furnished with apparatus and rea- 
gents stored in pretty jars. These objects were never handled; 
their possessors imagined that mere ownership would grant them, 
in the eyes of the world at large, the title of savant. 

The Duc de Chaulnes shared this characteristic, although to a 
somewhat lesser degree, with his noble colleagues and devoted 
himself to a slight extent to alchemy. Like many other idiots he 
had melted and evaporated away a large part of his gold in his 
crucibles in a vain attempt to find the philosopher’s stone which 
he sought. This search he pursue« with the same passionate zeal 
as those adepts who had preceded him; his reserve in this hunt 
was no less ruinous to him for being slower. 

After his death the fine scientific equipment was put up for 
sale. I made my way to his house with no intention of doing 
much harm to the bidders nor contributing substantially to the 
receipts of the sale for I was only carrying on my person the mod- 
est sum of fifteen francs. This sum was intended for the acquisi- 
tion of some instrument without any previous idea as to which it 
should be. As I entered the sale room the auctioneer was offering 
a small instrument made of metal, the use of which I was com- 
pletely ignorant. A bid was immediately made for this lot by a 
small man with a pale, thin, oval, and not particularly gracious 


1 For previous articles see J. Comm. Epuc., 31, 60-65 (1954) ; 34, 
502-3 (1957); 35, 233-4 (1958). 

? DuveEn, Denis, ‘‘Lavoisier writes to Fourcroy from Prison,” 
Notes and Records of the Royal Society, Part 1, 1958. 

§ “Souvenirs d’un Oisif’’ (2 vols.), Paris, 1836. Vol. 1, pp. 
222-28. Raymond’s memoires.aze quite piquant-and make good 
reading. They deserve to be better known; they contain anec- 
dotes concerning such famous chemists as Berthollet, Chaptal, 
Vauquelin, and Guyton de Morveau. Asa chemist his only claim 
to fame is the discovery of a color known as bleu de Raymond. A 
list of his few chemical publications will be found in Poacenporr, 
“Biographisches-Literarisches Handwoerterbuch zur Geschichte 
der exacten Wissenschaften,” II, 577. 
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looking face; his obvious keenness made me bid for the sam: ob- 
ject; he stared at me, amazed to see a raw youth battling ag:inst 
him in order to deprive him of or at least cause him to overp:iy for 
a gadget the use of which he alone understood. Anyhow, he re- 
fused to give up and topped my bid; I immediately raised my 
own bid. At this second slap in the face I see the little man stamp 
his foot and obviously become furious; once more he tops my bid 
andIreply at once. Thisdisconcerted my opponent who evidently 
saw in me a competitor determined to make him pay an exor- 
bitant price for an object whose real value had already been ex- 
ceeded. My last bid had absorbed my fifteen francs and if my 
antagonist had only advanced the bidding by a penny I should 
have been forced out of the running. After I had foolishly ex- 
changed my good money for an instrument which was an embar- 
rassment to me, my rival sweetly approached me and asked, with 
a mocking smile, to let him know the use of a piece of equipment 
to which I had apparently attached so great a value. In reply I 
said that I had intended asking him exactly the same question 
when I had seen how keen he had been to prevent me from pos- 
sessing it. He smiled again with a smug air at seeing me caught 
with my acquisition. He then walked away from me with an 
ironical laugh and a shrug of the shoulders as if wishing to say 
‘well, of all the fools’’ to me. 

Two days after this adventure I went to show my new acquisi- 
tion to Fourcroy and to inquire of him the use to which I could 
apply it. On seeing the small gadget he burst into a laugh and 
said “You have certainly achieved something, by golly, with your 
purchase. You have succeeded in getting one of Europe’s lead- 
ing scientist’s back up; it is Lavoisier whom you have been un- 
fortunate enough to cross; go quickly to him, taking your new 
purchase, and obtain his forgiveness.’’ I did not wait to be told 
twice. When I reached Lavoisier’s house I was taken to see him; 
he recognized me immediately and turned his back at the sight 
of the controversial instrument. I did not allow this far from 
courteous reception to discompose me and told him that | had 
hastened to bring him the object that he had missed buying. I 
said I regretted having deprived him of it and that if I had only 
previously enjoyed the honor of his acquaintanceship I would 
never have topped his bid. This honorable amend produced a 
good effect and the savant turned around, came toward me and 
said that in view of my action he would be glad to relieve me of 
something with which I had got myself stuck and pay me the full 
price that it had cost me. He then asked me about my work and 
I told him that I devoted myself especially to the study of chemis- 
try, a taste fur which subject had taken ahold of me after reading 
his Traité‘ on this science. Praise, from whatever source i‘ may 
come, is always gratifying to hear; our savant unbent and o fered 
to show me some of the more important equipment he h: ! de- 
vised, in particular that for the decomposition and recompo:ition 
of water.s I accepted with alacrity because I had already | vard 
about it and was keen to see it. I was careful not to impose by 
staying too long in his scientific museum and soon left, prow and 
overwhelmed by his kindness. 

Shortly afterwards he was no more! The revolutionar axe 
had struck off his illustrious head. The splendid room co: ‘:iin- 
ing the various machines and equipment of this savant, n -ter- 
pieces of his genius, had become the meeting place of all the I: :ned 


4 Lavorster, A. L., “Traité elementaire de chimie,” «ris: 
1789. 

See Daumas, M., anv D. Duveen, Lavoisier and Meus it’s 
little known large scale experiments on the decompositio: and 
recomposition of water (February 1785), Chymia, 5 (195, 2 
press. 
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men of the capital and indeed of Europe. It was there that all 
current scientific problems were discussed; there also were col- 
lected the facts that were to provide the foundation for a new 
theory that was to overthrow the old doctrine of phlogiston 
with which notwithstanding its errors, Staalh (sic) had won 
me:’s minds. In spite of oneself it is easy to be carried away by 
the work of a great man; one contracts a sort of slavery to his 
theories and once the human mind has been strictly restrained for 
lon: it is difficult for it to break out. Such is the nature of the 
hur.an mind; generations fade away; beliefs and the most 
wic-ly held systems collapse and from their ruins new theories 
spring up; these latter in their turn will one day suffer the same 


fate. In this life nothing is immutable; only God and truth are 
permanent. 

Those of Lavoisier’s friends who were in power at that time 
have been accused of failing to employ all their zeal and influence 
to save that learned head. This reproach is unjust and it is now 
already quite a long time since public opinion has put this right. 
The death of Lavoisier, in those terrible times, had become, quite 
independent of his aristocratic leanings, an inevitable catastrophe. 
His name was on the fatal list of the farmers-general whose pri- 
vate fortunes were coveted by the cannibals of the times. It is 
in this category and not as a savant that he perished, with all his 
colleagues, on the guillotine. 


INITIAL RATIO OF REACTANTS TO GIVE, AT EQUILIBRIUM, 
A MAXIMUM YIELD OF PRODUCTS 


In A reaction represented by aA’ + bB’.= IL’ + 
mM’, the molar ratio of the reactants to give a max- 
imum yield of the products at equilibrium is given by 
ty = b/a, where ry is the number of moles of B’ per 
mole of A’. <A proof of this statement is provided in 
standard textbooks.?:* 

In a typical derivation of this relation, the mole 
fraction of each component in the equilibrium mixture 
is expressed in terms of x, the mole fraction of M’. 
An expression for the equilibrium constant is 


(l/m)z 


[ 


where 
k = (a/m) + (b/m) — (l/m) — 1 


To find the value of ry: which will make z a maximum, 
the criterion 0x/Ory, = 0, is applied, yielding the 
result, = b/a. 

However, the differentiation of the equation (1) is 
somewhat laborious, and the whole derivation is 
rather cumbersome. 

A somewhat different approach to the problem, 
which is less involved mathematically, is to calculate 
the value of the minimum number of moles of the 
reactnts which will produce a specified yield of 
product. This may be seen to be equivalent to the 
problem stated previously. 


Le: A, B, L, and M refer to the number of moles of | 


the respective substances in the equilibrium mixture 
mavolume, V. Again: 


‘Ep ror’s Nore: This manuscript was transmitted by Pro- 
fessor |. W. T. Spinks. Miss Haslam was a first-year student in 
his introduetory chemistry class. 

*Tavtor, H. 8., “A Treatise on Physical Chemistry,” The 
Maemiilan Co., Vol. 1, 1930, p. 440. 

*Dovag, B. F., “Chemical Engineering Thermodynamics,” 
MeGra:v-Hill Book Co., Inc., 1944, p. 522. 


VOLUME 35, NO. 9, SEPTEMBER, 1958 


E. HASLAM! 
University of Saskatchewan, Saskatoon, Canada 


(L/V)(M/V)™ 


= 


(L)(M)™ _ 
(AB) K”", a constant for a given volume (2) 
The problem is to find the minimum value of (A 
+ B) (and therefore also the minimum value of the 
amounts of the initial reactants) which will give a 
specified amount of L’ and M’.* The problem now 
becomes the simple task of finding the relation between 
A and B, such that (A + B) in a minimum, subject to 
the condition 
(L)(M)™ 
44 B= A + 


(A)(B) = = aconstant = C 


A + B) = 1+ =0 


aa | 


fora minimum. Then, 


A = (3) 


and 
B = (4) 


Dividing (3) by (4), A/B = a/b. 


Thus, the required yield is produced by the smallest 
value of (A + B) when A/B = a/b. Since the re- 
actants combine in the ratio of a/b, it is evident that the 
initial ratio of A’/B’ for a maximum yield is also 
a/b; that is, the reactants should be in stoichiometric 
proportion in order to obtain, at equilibrium, the 
maximum yield. 


4 Saying a specified amount of one of them, say L’, amounts to 
the same thing, since L’, and M’, are produced in a fixed ratio, 
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CHEMICAL RESEARCH IN HAWAII 


To many Americans, including chemists, Hawaii 
is the land of the hula and the pineapple. But at 
least one research chemist in Hawaii thinks that the land 
of proteolytic enzymes would be a more appropriate 
designation. Such an attribute may have a slight 
chemical bias, but it points up two important facts. 
First, far more chemical research is carried on in the 
Territory of Hawaii than a casual observer might 
suspect. And second, much of the research is of a 
biochemical nature. The fundamental facts which 
govern industrial research activity in Hawaii remain 
the same today as when they were presented by Brasted 
(/) in 1947. However, much progress has been made 
in many areas these past ten years. This report 
will attempt to bring to mainland chemists a current 
picture of chemical research activities in the Hawaiian 
Islands. 


HAWAIIAN SUGAR PLANTERS’ RESEARCH 


Since sugar is the principal agricultural crop of 
Hawaii, it is not surprising that the Hawaiian Sugar 
Planters’ Association (HSPA) maintains a top-flight 
Experiment Station as one of its cooperative ventures. 
The research activities at the Station may be classi- 
fied into those dealing with the growing of sugar cane, 
those concerned with the production of raw sugar, and 
those related to byproducts or to kindred crops. 

One group of Station chemists is studying the most 
fundamental of all problems in the sugar industry: 
the photosynthesis of sucrose in sugar cane. The 
techniques used in this research (radiotracers, chro- 
matography, etc.) are largely the same as those of 
other investigators in this field, but their specific 
application to sugar cane has resulted in considerable 
modifications of the experimental details. Eventual 
knowledge of the most favorable conditions for photo- 
synthesizing sucrose will also be of tremendous prac- 
tical importance. 

Another problem which sugar planters would like to 
see solved is the accurate control of flowering of the 
cane plant. Since flowering is known to affect the 
sugar yield, chemical inhibitors are sought which 
will restrict the flowering process without damage to 
the plant. The mechanism of this biochemical proc- 
ess is as yet poorly understood, but it is worthy of 
note that two widely divergent types of compounds 
have been found effective: one of these is related to 
sequestering agents, the other to weed killers. 

Extensive research in the field of raw sugar pro- 
duction has demonstrated the feasibility of the use 
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of ion exchange membranes in the purification of sugar 
liquors. An ion membrane pilot plant has been oper- 
ating on the island of Maui for the past two grinding 
seasons. 

A notable project in the field of kindred products 
research is that of isolation of pure p-fructose from the 
ti plant (Cordyline terminalis). The ti plant has 


’ always been important in the life of the Hawaiians. 


The leaves, one to two feet long and about four inches 
wide, have been used as food wrappers or made into 
articles of clothing including, of late, hula skirts. The 
thick white root has provided the raw materials for 
okolehao, the Hawaiian moonshine liquor. The root 
may weigh as much as 300 pounds and contains about 
30% by weight of a fructosan (2) of molecular weight 
ca. 2500. Once the fructose can be crystallized fol- 
lowing hydrolysis, the processing of ti may become a 
sizeable enterprise. 


PINEAPPLE RESEARCH INSTITUTE 


The second largest agricultural crop in Hawaii is 
pineapple. The individual processors are largely 
responsible for their own development work and proc- 
essing research, but problems of a more fundamental 
nature are tackled by an excellent central research 
organization, the Pineapple Research Institute (PII). 
The major areas of research at PRI fall into two cate- 
gories: the growing of the fruit and the evaluating 
of byproducts. 

The study of plant hormones occupies an important 
place among the research activities at PRI. An ex- 
tensive synthetic organic program furnishes homo- 
logues, analogues, and functional derivatives of known 
plant regulators. These compounds are then screened 
for their biological activity in an attempt to correlate 
activity with chemical constitution. Some of the 
hormones are being tagged with radiocarbon for the 
purpose of studying the metabolism of these compounds 
in the pineapple plant. A plant growth regulator of 
unique structure, 8-hydroxyethylhydrazine, has 
discovered in this work (3) as well as an unusual «nd 
rapid light-induced splitting of carbon dioxide ‘om 
certain hormone molecules. 

Another fascinating biochemical problem is the 
diurnal variation of citric and malic acids in pine: )ple 
leaves. The concentration of these two acids mi. be 
four times as high at night as in day time. 

A problem which is basic to pineapple proce--ing 
is an investigation of the flavor and odor constitu: ts 
of the fruit. Gas chromatography has been foun to 
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be the ideal tool-for this study. This work is expected 
to yield a wealth of information not only about the 
constituents themselves, but also about their dis- 
tri ution and their variation with genetic factors and 
with growing and processing conditions. 

tecent research into the constitution and biochemical 
function of suspected flavonoid compounds in pine- 
apple has led to the characterization of a quinyl cou- 
marate (4). 

\ study of the enzyme systems in pineapple has 
led to the discovery of the powerful protein-splitting 
enzyme bromelain in pineapple plant stumps. The 
concentration of the enzyme is very high and its re- 
covery and purification are now well beyond the pilot 
plant stage. Electrophoretic studies have shown 
that a whole family of enzymes is present in brome- 
lain from pineapple (4). 


UNIVERSITY OF HAWAII 


In turning our attention to the third major chemical 
research center in Hawaii, the University of Hawaii, 
it is not surprising to find that the breadth and dis- 
tribution of problems is wider than in the commercial 
organizations. At the same time, the pace of re- 
search activity in the university has been stepped up a 
great deal in the past few years. The granting of 
Ph.D. degrees is no longer restricted to the field of 
tropical agriculture and its related branches. All 
phases of chemistry are now included. The former 
proviso that part of the graduate work had to be 
carried out at a mainland institution has been shelved. 
While unrestricted research funds are still inadequate, 
these funds have grown in recent years and have been 
augmented by grants from foundations and govern- 
ment agencies. The graduate faculty of the uni- 
versity has been strengthened considerably by the 
appointment to “‘affiliate graduate faculty” status of 
the senior scientists in the various research organiza- 
tions in the Territory. This scheme enables nine 
chemists among this group to participate in the work 
of graduate thesis committees in the chemistry de- 
partment. 

Chemical research in the University of Hawaii is 
primarily concentrated in the department of chemis- 
try and in several departments of the Hawaii Agri- 
cultural Experiment Station (HAES). It should, 
however, be mentioned that in certain other depart- 
ments, notably in the field of marine biology, con- 
siderable chemical research is in progress. Such 
studies have dealt with fish attractants and repellents, 
the uptake of fission products by marine organisms, 
and the identification of the enzyme systems involved 
in the carbohydrate metabolism of sea urchin eggs. 
Chemical research at the HAES is carried out prin- 
cipally in the departments of biochemistry and nutri- 


tion. Nutrition and food studies have long been: 


concerned with the vitamin and mineral content of 
Hawaiian fruits and vegetables. A recent project deals 
with the determination of the blood cholesterol level 
in me:bers of various ethnic groups in order to check 
whether a significant correlation can be established 
between the diets of these groups and their bloed cho- 
lesterol. In the HAES biochemistry department 
the identification of the unusual natural product, 
S-nitropropionic acid as the toxic principle in creep- 
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ing indigo (Indigofera endecaphylla) has recently been 
completed (6). A rapid analytical method is now 
sought for the substance and a synthetic program is 
underway in an effort to investigate the relationship 
of carbon chain length to toxicity among the homologs 
of 8-nitropropionic acid. A new project deals with 
the identification of pigments in fruits (e.g., Passi- 
flora edulis) and flowers (e.g., in the genus Anthurium) 
and their possible connection with genetic factors. 

One of the major research programs in the chem- 
istry department of the University of Hawaii lies in 
the field of geochemistry. A unique feature of the 
Hawaiian landscape is the active volcanic region on 
the island of Hawaii. By a continual systematic 
study of the voleano gases, during periods of eruption 
as well as in times of dormancy, it is hoped to dis- 
cover a relationship between gas composition and 
voleanic activity. The high-vacuum technique of 
gas analysis employed in this work is also used for 
the analysis of gases in volcanic rocks. This investi- 
gation has been undertaken in an attempt to further 
the understanding of the voleanic processes by which 
these rocks are formed. An additional project in 
this field is aimed at the ratio of carbon-12 to carbon-12 
in voleanic effluvia as well as in rocks in order to allow 
comparison with such ratios in nonvolcanic materials 
(7). 

Closely related to this work is a study of diffusion 
of solids by means of radio-iron and the relation- 
ship of gas ratios in synthetic minerals which were 
equilibrated with known gas mixtures to the cation 
redox ratios (8). An extension of this latter research 
may eventually lead to a better understanding of the 
conditions under which rocks were originally formed. 

In the same way in which volcanism and volcanol- 
ogy are providing chemists with unique research 
problems so does oceanography—another research 
area which is predicated on Hawaii’s geography and in 
which several university departments participate. 
Cooperative research in this field, involving Hawaiian 
Tuna Packers, Ltd., Pacific Oceanic Fisheries In- 
vestigations (a division of the U. 8. Fish and Wildlife 
Service) and the chemistry department, has recently 
resulted in the development of spectral reflectance 
techniques and their application to biological materials 
(9). 

Research facilities in the fields of chemical oceanog- 
raphy and geochemistry should be strengthened 
greatly by the proposed establishment of a Hawaii 
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Institute of Geophysics. The Congress is considering 
a bill to this effect in its present session. 

Another group in the chemistry department is 
working in more traditional areas of physical chem- 
istry, without the distinctly Hawaiian flavor. The 
general field is that of reaction mechanisms. In 
particular, reactions of a suspected free radical char- 
acter are being studied as, e.g., oxidations (10) and 
polymerization retardation. Magnetic (11), optical 
(12) and dilatometric methods have been used in this 
research. 

Organic research at present is largely in the field of 
natural products. Hawaii has a rich indigenous 
flora and many introduced plant species in addition. 
This constitutes a vast reservoir for natural products 
research, a reservoir which is essentially untapped. 
The odoriferous mokihana from the island of Kauai 
(13) and several of the Hawaiian Rauwolfia species 
(14) have been studied. Research in progress in- 
cludes the identification of the bitter principle in pia 
(Tacca leontopetaloides), one of the starchy food staples 
on many Pacific islands, the identification of the vol- 
atile constituents of lilikoi (Passiflora edulis), and an 
investigation of the alkaloids of Ochrosia sandwicen- 
sis, an indigenous tree in the plant family Apocynaceae. 

Without elaborating further it will be evident that 
a broad spectrum of chemical research is actively 
pursued in Hawaii. Activities as well as facilities 
have been expanding steadily and are expected to 
continue to do so. Among the facilities which have 
been added recently, but have not been used by our 
chemists so far, should be mentioned a powerful (416 
curie) cobalt-60 source, which is maintained and oper- 
ated on the university campus by the entomologists 
of the USDA Research Service, and complete vacuum 
ultraviolet spectroscopy equipment, which is in the 
hands of an active research group in the physics de- 
partment of the university. 

Hawaii, the land of pineapple? Definitely yes—but 
chemical research as well, with or without Polynesian 
flavor! 


Taking Gas Samples at Hawaii's Drive-In Volcano during the 1955 
Eruption 
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EVA ARMSTRONG RECEIVES DEXTER AWARD 


Miss Eva V. Armstrong, former curator of the Edgar Fahs Smith Memorial Library, University of 
Pennsylvania, has been selected for the third annual Dexter Chemical Corporation Award in the 


history of chemistry. 


The Award, administered by the American Chemical Society’s Division of History of Chem- 
istry, is being presented on September 9 during the society’s 134th meeting in Chicago. The $500 
prize was established by Dexter to recognize “‘noteworthy contributions to the advancement of 


the history of chemistry.”’ 


Miss Armstrong, born December 22, 1877, in Key West, Florida, was graduated from Atlantic 
City, New Jersey, high school and studied history of chemistry at the University of Pennsylvania. 
She became secretary to Dr. Smith when he was provost of the university and continued in a 


similar post when he retired. 


After Dr. Smith’s death in 1931, the Edgar Fahs Smith Collection was established by his 
widow. As the collection’s first curator, Miss Armstrong worked tirelessly to build Dr. Smith’s 
private collection into one of the finest in the world in the history of chemistry. 

An author of many publications, Miss Armstrong was influential in planning and establishing 
Chymia, an international journal devoted to the history of chemistry and originally sponsored 


by the Smith Collection. 
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FREE RADICAL CHEMISTRY IN SOLUTION’ 


Tree reactive intermediates which have a valence of 
three for carbon are known: the carbonium ion, where 
the carbon undergoing reaction has only six electrons 
and a formal positive charge; the free radical, in which 
the reactive carbon has seven electrons (one unpaired 
and thus “free’”) and is neutral; and the carbanion, 
where the reactive carbon has eight electrons and a for- 
mal negative charge. These reactive intermediates 
have certain similarities and dissimilarities, and some of 
these will be illustrated by a comparison of the free radi- 
cal and the ionic intermediates. 

The carbonium ions and free radicals are similar in 
that the relative stability sequence for each is: ter- 
tiary > secondary > primary. The aliphatic carbanion 
stability is just the opposite: primary > secondary > 
tertiary. However, when an aromatic ring is attached 
to the reactive carbon, the relative stability sequence 
for all three intermediates is tertiary > secondary > pri- 
mary. 


GENERAL CHARACTERISTICS OF FREE RADICAL 
REACTIONS IN SOLUTION 


Other comparisons can be made between the ionic and 
neutral intermediates when the general characteristics 
of all free radical reactions in solution are considered. 
These five characteristics and subsequent details on free 
radical reactions will be presented in outline form and 
can be illustrated with the following reaction scheme. 
This shows the tert-butyl peroxide catalyzed free radical 
addition of methyl malonate to 1-octene. 

(CH;)s;CO—OC(CHs3)s — 2(CH;);CO- (1) 
(CH;)-CO- + CH:(CO.CH;). — 
(CH;);COH + -CH(CO.CH;)2 (2a) 
(I) 


or 


(CH;).CO- + CH(CO.CHs)2 > 
CH, + CH;COCH; -+ -CH(CO.CH;). (2b) 
(1) 
+ CsHisCH—CH, 
C.Hi;CH—CH,—CH(CO.CH;). (3) 
(II) 
_' Prosented at the joint meeting of the New England Associa- 
= oi Chemistry Teachers and the Connecticut Valley Section 


American Chemical Society, University of Connecticut, 
Storrs, Connecticut, April 12, 1958. 
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+ 
-CH(CO.CHs)2 + (4) 
(III) 


+ CeHisCH—CH, 
C.H:;CH—CH: 


(IV) 
(5) 


Acceleration by Known Radical Sources.. The above 
reaction and all free radical reactions in solution are ac- 
celerated by the known sources of free radicals: per- 
oxides and the absorption of ultraviolet light. The 
peroxide used above is tert-butyl peroxide (equation 1) 
which is a convenient one to employ, since it is ex- 
tremely stable (can be distilled at 110° at atmospheric 
pressure without decomposition), commerically avail- 
able, does not undergo an induced decomposition, and 
does not add to an olefin. A good example of accelera- 
tion with ultraviolet light is the side chain halogenation 
of toluene in the presence of light to produce benzyl-, 
benzal-, and benzotri-halides. When these two free rad- 
ical catalyzed reactions are caused to react under ionic 
reaction conditions, methyl malonate will not add to an 
olefin and halogenation of toluene gives nuclear halo- 
genation. 

Chain Reaction Which Is Started with a Catalytic 
Amount of Initiator. Free radical and ionic reactions 
have some similarities in this characteristic; however, it 
has been shown that the amount of peroxide does not 
have any effect on the product produced in the free 
radical reaction. In the reaction scheme above, the 
same product (III) and yield are obtained when vary- 
ing amounts of peroxide are used. In many ionic reac- 
tions, especially in the cationic chain polymerization of 
olefins and the Friedel and Crafts reaction, the amount 
of catalyst can affect both the type and yield of product. 

Inhibition with a Compound Which Will Form a 
Stable Free Radical. A free radical reaction will either 
be completely stopped or stopped for some length of 
time when a compound which will form a stable free 
radical is added to the reaction mixture. Normally, 
this compound will have a negligible effect on an ionic 
process. This inhibition can be illustrated as follows 
with diphenylamine as the added compound. 
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(CH;)s;C—O- + (CsHs),.N—H — 
(CH;);C—O—H + (CsH;)2N- (7a) 
(V) 


(V) 


or 
-CH(CO.CH;)2 + (CeH;).N—H — 
+ (CsHs)2N- 
(V) 


The structure of the intermediate diphenylamino 
radical (V) is such that it is very stable and will not 
undergo chain transfer. Other inhibitors will undergo 
a similar chain transfer reaction or will form an addi- 
tion compound with the intermediate free radical to 
form a stable free radical. 

Anti-Markowntkoff Addition to Double Bonds. Equa- 
tion (3) indicates that an intermediate free radical adds 
to the end carbon of a terminal double bond which 
places the hydrogen atom on carbon 2 (equation 4). 
This product is the most reasonable, since a secondary 
free radical is more stable than a primary. This is also 
exemplified in the reaction of hydrogen bromide with 
allyl bromide to give 1,3-dibromopropane under free 
radical reaction conditions: 


CH.—CHCH.Br + HBr CH:Br—CH.CH2Br (8a) 


and 1,2-dibromopropane under ionic reaction condi- 
tions: 


CH.—CHCH.Br + HBr — CH;—CHBrCH.Br (8d) 


Insensitivity to the Ionizing Power of the Solvent. The 
decomposition of tert-butyl peroxide (equation 1) is a 
typical homolytic reaction, and it can be compared to 
the formation of a tert-butyl carbonium ion which is an 
example of a heterolytic (ionic) reaction. Evidence is 
given in Tables 1 and 2. 


TABLE 1 
Decomposition of tert-Butyl Peroxide at 145° (equation 1). 


k (hr.~) E*(keal./mole) 


Solvent 


Isopropylbenzene 38 
tert-Butylbenzene 38 
Tributylamine 38 

Vapor phase 39.1, 36 and 38 


Formation of the tert-Butyl Carbonium from tert-Butyl 
Bromide 


(CH;);C—Br (CHs)3C + Br- 


Energies of formation: 
Solvent E*(kcal./mole) 


Water 24 
Vapor phase 132 


Relative solvolysis rates (rate of ionization): 
Solvent Relative raie 


Ethanol 1 
50% Ethanol-water 58 
Water 1,440 
Formic acid 130,000 


It is quite evident that the effect of ionic strength, 
dielectric constant, and other similar properties of the 
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solvent is negligible on a free radical reaction, and tht 
an ionic reaction is affected greatly by these solve it 
properties. There is a difference in the rate consta: is 
of the decomposition of the peroxide in the solve) ts 
and the vapor phase; however, an examination of { \e 
energies of activation (£*) indicates that this cf- 
ference is negligible compared to the ionization reacti. 
in water and the vapor phase. 

These five characteristics of free radical reactions (1 
solution are sufficient to indicate whether or not a re: :- 
tion goes by a free radical mechanism. 


TYPES OF FREE RADICAL REACTIONS 


To further clarify free radical chemistry in solutic i, 
the types of free radical reactions will be considered in 
outline form. These types of reactions are illustrated 
in the reaction scheme above, and reference will be made 
to them and other free radical reactions. 

Radical Forming Reactions. There are a number of 
methods of initiating free radical reactions in solution. 
The first is the thermal cleavage of covalent bonds 
which appears in Table 3. This illustrates the value 


TABLE 3 
Bond Dissociation Energies to Free Radicals 


Bond D (keal./mole ) 
(CH;);CO—OC(CHs;); 
O—O 


HO—H 
(CH,);CO—H 
CH,—CH, 
CH.O—NO, 


of tert-butyl peroxide as a free radical source, because its 
oxygen-oxygen bond is readily broken (half-life of about 
twelve hours at 125°) to form two tert-butoxy radicals. 
The table also depicts why the intermediate tert-butoxy 
radical is an efficient promoter of a free radical reac- 
tion, for the oxygen-hydrogen bond is 8 kcal./mole 
stronger than a carbon-hydrogen bond. In compari- 
son, the bond dissociation energies for other peroxides 
are about 30 kcal./mole or less; thus, the other per- 
oxides are not as stable as tert-butyl peroxide. The 
oxygen-nitrogen bond in methyl nitrate is included to 
show that little energy would be needed to decompose 
glycerol trinitrate. 

Photochemical Cleavage of Bonds. The seernd method 
of producing free radicals in solution is the photo- 
chemical cleavage of covalent bonds. This has been 
used in the addition of methyl malonate to 1-octeue, 
and is also used in many halogenation reactions which 
proceed by free radical and halogen atom intermediats. 
The bromination of toluene is given as follows: 


Br. + sunlight or U.V. lamp — 2 Br- Y) 
C.H;CH; Br: —> C.H;CH:2- HBr (10) 
C.H;CH:- Br C;H;CH.Pr + Br- 11) 


A third method uses an oxidation-reduction process 
to give a free radical which will initiate a homolytic re: - 
tion. The oldest method is that of Gomberg: 


(CoHs);CCl + Ag — (CcHs)sC- + Ag* + Cl- 


Another initiator which is useful in aqueous medi: + 
Fenton’s reagent: 
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or 
CH;- + (CsHs)2N—H — CH, + (CsHs)2N- (7b) 
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+.Fe++ HO- + OH- + Fe*# (13) 


The hydroxyl radical will be very reactive because of 
the strength of the oxygen-hydrogen bond in water, as 
indicated in Table 2. 

‘he final method for initiating a free radical reaction 
utilizes the high energy sources: a, 8, and y-rays. 
These are of extreme interest in recent years and most 
evidence indicates the formation of free radicals. 

Radical Transformations. Equation (2b) depicts a 
free radical decomposition reaction in which the tert- 
butoxy radical attacks the substrate with concurrent 
formation of acetone and methane. Apparently ace- 
tone and a methy] radical forms and the latter abstracts 
a hydrogen atom from the methyl malonate to give 
methane and the intermediate malonate radical. 
Another example would be the breakdown of the 
propyl radical to produce ethene and the methy! radi- 
eal: 


A further type of radical transformation is the re- 
arrangement of an intermediate free radical. Rear- 
rangements in ionic reactions occur frequently, but are 
uncommon in reactions which proceed by free radical 
intermediates. Two examples of free radical rear- 
rangements are the Wittig: 

(CeHs)sC—O- — (15) 
and those occurring in the neophyl system: . 
C.H;C(CH;).—CH:- -C(CH3)s—CH.—C,H; (16) 


These rearrangements and. others afford a decrease of 
steric interactions between the groups present in the 
molecule. It has been shown that an activation 
energy of 8 kceal./mole is required in the neophyl re- 
arrangement. 

Radical Attack on Substrates. This type of reaction is 
extremely important for it involves free radical olefin- 
addition reactions and free radical displacement reac- 
tions. The olefin-addition reactions are illustrated by 
equations (3), (5), and (8a), and are the basis of the free 
radical initiated polymerization of olefinic monomers to 
polymers and synthetic rubbers. 

The radical displacement reaction has been depicted 
in equations (2), (4), (7), (10), and (11), and can be 
further exemplified by the reactions: 


CH;- + BrCCl; —~ CH;Br +- CCl; (17) 
CH;- + (C.H;);CH bet CH, + (CeHs)sC - (18) 


These reactions can also be considered as chain transfer 
reactions (the intermediate free radical status is trans- 
ferred from a free radical to another compound present 
in the reaction mixture). 

Ratical Destroying Processes. There are three ways 
of stopping a free radical reaction in solution, and these 
necessarily involve an exothermic reaction. The first 
type is radical combination or coupling which was 
exemplified in equation (6), and can be further illus- 
trate’ by the following reactions: 


2CH;: — CH;—CH; (19) 

2(CsHs)s;C- (20) 

Reaction (19) must involve a third body to dissipate the 
excess energy (magnitudes listed in Table 3), but the 


Produict in reactions (6) and (20) can absorb the excess 
energy in the other bonds of the molecule. 
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A second method of chain termination is the dis- 
proportionation of free radicals. This dismutation in- 
volves the transfer of a hydrogen atom from one inter- 
mediate free radical to another to form the stable alkane 
and alkene. The last method is related to the reaction 


depicted in equation (13), for it is the oxidation-reduc- 
tion reaction which destroys the hydroxy] radical. 


HO- + Fe++ — HO- + Fet* (22) 


EFFECT OF STRUCTURE ON BOND DISSOCIATION 
ENERGIES 


This concept can best be clarified by a consideration 
of the relative stabilities or reactivities (in terms of the 
energies of formation) of free radicals. The relative 
stabilities of a few are given in Table 4. All the rela- 


TABLE 4 
The Relative Stabilities of Free Radicals 


Radical Relative stability 


Phenyl (C.Hs- ) 0.03 
Methyl] (CH;- ) 1.0 
Isopropyl] ((CH;)2CH- ) 7.0 
tert-Butyl ((CHs3);C- ) 28.0 
Cyclohexy] ° ) 20 
Benzyl (C.H;CH:- ) 12.2 
Phenethyl (CsH;CH(CH;)) 32.0 
Cumyl 51.0 
Allyl (CH»-CHCH.:- ) 10.0 
Triphenylmethy] ((CsHs);C - ) 75-100 


tive reactivity numbers but the one for the triphenyl- 
methyl] radical, which was estimated from other data, 
were obtained by the decomposition of tert-butyl per- 
oxide in the hydrocarbon, and determination of the 
ration of acetone to tert-butyl alcohol. This ratio de- 
pends on reactions (2a) and (2b). If the substrate 
readily gives a hydrogen atom more tert-butyl alcohol 
will form, but if the substrate gives a hydrogen atom 
with difficulty the intermediate tert-butoxy radical will 
decompose to acetone and the methyl radical. Thus, 
the more stable the radical formed, the more readily 
will a hydrogen atom be abstracted. In the data given 
in Table 4 the greater the number the more stable the 
free radical; therefore, the phenyl radical is the most 
reactive one listed and is also the most reactive free 
radical known. Also, the effects of methyl, phenyl, and 
vinyl groups on radical stability are indicated. 

Another way of considering the relative stability of 
intermediate free radicals is to consider the resonance 
energies of radicals as given in Table 5. The estima- 


TABLE 5 
Estimations of the esate Energies of Some Free Radi- 


Radical R (keal./mole) 


Methyl 0 
Ethyl 4 
Isopropyl 8 
tert-Butyl 12 
Allyl 25 
Benzy] 24.5 


tions for the saturated aliphatic free radicals can best be 
explained by the hyperconjugative structures: 
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H H 


H 
H. C—CH, —+ H—C—CH, 


This would indicate a ratio of 1:2:3 between the 
resonance energies of the primary-secondary-tertiary 
free radicals, which is indicated. This concept is sup- 
ported by an indication of the presence of the hydrogen 
atom in the paramagnetic resonance spectrum of the 
tert-butyl radical. The stability of the allyl and benzyl 
radicals is readily explained by resonance. 

No discussion of free radical chemistry in solution 
would be complete without some mention of the useful- 
ness of free radical reactions in synthesis. The product 
from the free radical reaction illustrated in equations 
(1-6), methyl octylmalonate, can be prepared in about 
85% yield by ionic methods by causing methy] malonate, 
1-bromooctane, and sodium to react in absolute meth- 
anol. The free radical synthesis, which does not 
utilize the expensive alkyl bromide and sodium, gives 
the product (III) in 82% yield. In other free radical 
olefin-addition reactions the product is obtained in 


yields as high as 95%. Additional advantages of t! « 
free radical method of synthesis are: Compounds c: , 
be used which are water sensitive if the correspondi: g 
olefin is available; no sodium halide must be remov: d 
since the liquid decomposition products of tert-bui «1 
peroxide are fert-butyl alcohol and acetone; and tiie 
reaction can be completed in two hours while it usualy 
takes about six hours for the ionic reaction to go \o 
completion. 
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To the Editor: 

Earlier communications (THIS JOURNAL, 31, 48, 
387 (1954)) suggested methods for collecting Cl: gas 
and H.S gas by water displacement. The following is 
a procedure for collection of SO. by the same general 
method. I feel that by water displacement there is far 
less contamination of the gas than by air displacement. 

Preparation is by the usual procedure: the action 
of dilute H:SO, on NaSO; orNaHSO;. The gas is 
passed into a low trough containing water to a depth of 
two inches. The trough is supported on a tripod and 
is heated by a Bunsen burner to a temperature as hot 
as the fingers can stand. Large size test tubes rest 
submerged in the trough. 

A 12-0z. wide-mouth bottle filled with water is 
inverted over the opening at the base of the trough 
through which the gas passes. The bottle when filled 
with displaced gas will collect practically all of the 
air originally contained in the generator flask. This 
mixture can be emptied into the air outside of the 
classroom. 

The test tubes, filled with water, can now be stood 
up inverted in the trough one by one, to collect the SOs. 
The test tubes when filled can be stoppered if desired 
while the mouths are under water. 
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In addition, one test tube filled with gas may be 
allowed to remain inverted in the trough. The Bunsen 
burner is removed and the water in the trough allowed 
to cool. In a couple of minutes water may be seen 
rising in this test tube, and by the end of the period 
will be seen to have risen to the curved portion of the 
tube, thus showing that SQ, is markedly less soluble in 
hot water than in cold. 

The “Handbook of Chemistry and Physics” states 
that SQ, is soluble to the extent of 22.8 g. per 100 ml. 
at 0°C. and 0.58 g. per 100 ml. at 90°C. 


Mitton G. 


James Mapison Hicu 
Brookiyn 29, New York 


To the Editor: 

Comments on my recent paper “Structure of Syn- 
thetic High Polymers” (J. Comm. Epuc., 35, 178 (1958) ) 
have given me reason to restudy some of the literature 
upon which it is based, with the result that I wish to 
suggest the following minor correction. References 
(21) and (22) to the work of Flory and Wall on the st:- 
tistics of reactions on polymers should preferably ha\«: 
cited the following papers: 


Fiory, J. Am. Chem. Soc., 64, 177 (1942) 
Wat, J. Am. Chem. Soc., 64, 269 (1942) 


The papers that I cited originally do deal with the su! 
ject at hand, but not in a way that is as specifically rel: 
vant to the portion of the text in which the reference 


occur. 
Frank C. McGrew 


Assistant Research Director 
PoLYCHEMICALS DEPARTMENT 


E. I. pu Pont pe Nemours & Co., 
WILMINGTON 98, DELAWARE 
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BASIC CONCEPTS IN CHEMISTRY 


George W. Watt, Professor of Chemistry, 
University of Texas. McGraw-Hill Book 
Co., Inc., New York, 1958. ix + 538 pp. 
16 X 23.5cm. $6.50. 


THERE is an art to good textbook writ- 
ing, and Professor Watt has mastered this 
art. His sentences flow smoothly and his 
material is well organized, so that this 
new text is truly a literary production. 

Most teachers of college chemistry 
would surely agree that no good can come 
from trying to teach too much in the first 
year. Watt’s new text is based on the bold 
decision to delimit judiciously the content 
of the elementary course. 

Such basic principles as theories of 
bonding and structure are presented with 
exceeding clarity. As the reader turns the 
pages, he finds these concepts expanded 
and elaborated. In the concluding chap- 
ters of the book, a limited amount of de- 
scriptive chemistry is presented on a 
generalized basis related to atomic struc- 
ture and the periodic arrangement of the 
elements. Organic chemistry is not set 
apart as something distinctly different. 

Certainly there have been good reasons 
for early consideration of hydrogen and 
oxygen in traditional texts. Watt rec- 
ognizes this fact and devotes his eleventh 
chapter to Oxygen and Hydrogen. The 
remainder of the descriptive chemistry is 
covered in Chapters 22-26. The non- 
transitional elements are-covered in four 
chapters, group by group, and then the 
transitional elements, including the lantha- 
nides and actinides, are discussed in one 
chapter of 30 pages. Despite the fact 
that all 102 elements are at least men- 
tioned by name in the course of 148 pages, 
the result reflects selectivity rather than 
superficiality. The author’s success in 
this endeavor could result only from the 
fact that he is both a good chemist and a 
good writer. 

{n any text that is constructed on the 
principles of selectivity, there is the danger 
ol omitting certain topics that should be 


included in order that the student may 
emerge chemically informed as well as 
indoctrinated. In this text, such topics as 
the fixation of atmospheric nitrogen, the 
role of sulfuric acid as a strategic chemical, 
the extraction of bromine from sea water 
and the commercial production of iron 
and steel have not been overlooked. 

Here one does not encounter numerous 
sections in fine print containing hand- 
book information that no teacher would 
expect his students to learn, nor is space 
devoted to such nonchemical subjects as 
the history of the discovery of subatomic 
particles. The space saved is devoted to 
instruction in arithmetic. It is a delight 
to observe such a realistic approach to a 
deplorable situation that undeniably ex- 
ists. There are very few photographs, but 
the book abounds with instructive il- 
lustrations by James R. Holmes. 

There are now 60 or more textbooks of 
general chemistry in print. Not all teach- 
ers will take the time to inspect all 
these books carefully for possible adoption. 
Watt’s new text is one book which they 
should not overlook. It is designed to 
serve as an introduction to chemistry for 
both majors and nonmajors. 

If teachers of high school chemistry 


‘would read this book, they would see 


what has happened to the college general 
chemistry course since they were students. 


LAWRENCE P. EBLIN 
UNIVERSITY 
ATHENS, 


BASIC PRINCIPLES OF CHEMISTRY 


Eugene C. Winslow, Associate Professor 
of Chemistry, University of Rhode Island. 
D. Van Nostrand Co., Inc., Princeton, New 
Jersey, 1958. v + 284 pp. 61 figs. 2 
tables. 15.5 X 23.5cm. $4.75. 


TreacuHeErs who are looking for a “‘con- 
cise chemistry text for first year students” 
will be interested to see how the author of 
this new book has attacked a perplexing 
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problem. As he points out in the Pref- 
ace, “it may be our lectures and text- 
books which are partly responsible for 
this apparent lack of appreciation for 
science on the part of our students. . .we 
teachers have tried to introduce so much 
material of a factual nature that our 
courses and textbooks have become as 
cold and impersonal as a telephone direc- 
tory...we are reluctant to sift out 
material which we consider important in 
order to make room for the new material.” 
To remedy this situation he proposes to 
explain ‘chemical principles. ..in terms 
of everyday experiences wherever possible 
to make the subject more alive, interesting, 
and meaningful.... An attempt has 
been made to sift out much of the factual 
material which the student might have 
had in preparatory courses.”’ 

This sifting process has eliminated such 
topics as the “scientific method,” reaction 
rate and chemical equilibrium, the ionic 
theory and ionic reactions involving 
exchange (all such reactions are written in 
molecular form) the pH scale, the nature 
and production of metals and alloys, Le 
Chatelier’s principle, complex ions, and 
the importance and use of units in chemical 
calculations. The customary introduc- 
tory material (classification of matter, 
the metric system, symbols, formulas, 
equations, and the mole concept in prob- 
lem solving) is condensed to 21 pages at 
the start of the book. The space thus 
saved is utilized to include discussions of 
recent progress in such fields as biochem- 
istry, atomic energy, and the manufac- 
ture of synthetic diamonds. But valu- 
able space is still utilized to present to the 
student such uninspired and uninspiring 
statements as: “Sodium is obtained 
from chemical supply houses in hermeti- 
cally sealed, one-pound cans. One pound 
of sodium occupies more than a pint in 
volume because sodium is so light.... 
For use in the laboratery, the large 
piece of sodium is usually cut into small 
pieces with a knife or spatula.” 

The use of newer type of ‘“3-D” sketches 
in place of line drawings would serve to 
increase the visual appeal of this text. 
One unique feature is the almost complete 
absence of any graph; even the customary 
set of solubility curves has been omitted. 
Editorial corrections in future editions 
will probably take care of such statements 
as, “At a given temperature the sum of 
the velocities of the individual molecules 
must remain the same’’ and the definition 
of hydrolysis as ‘‘a process. . .other than 
simple addition. . .in which water acts as a 
chemical agent.”’ 

All worth-while chemistry teachers 
dream of teaching their students to 
understand chemistry, yet for thousands 
of our present first-year college students 
in “survey” or “terminal’’ courses the 
most that can be done is to teach them 
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something about chemistry and its achieve- 
ments. This book is worthy of 
consideration for such students and 
courses where the “primary purpose is to 
impress them with the importance of 
chemistry to their health and daily 
living.” 

F, D. MARTIN 


Purpve UNIVERSITY 
W. Larayertre, INDIANA 


MOLECULAR STRUCTURE AND 
ORGANOLEPTIC QUALITY 


S. C. I. Monograph No. 1. Symposium 
organized by the Overseas Section, 
Geneva, May, 1957. The Macmillan 
Co., New York, 1958. iii + 124 pp. 
14 X 22cm. $3.75. 


Tuis slim volume reports the contri- 
butions of some leading workers in ol- 
faction to the search for the elusive 
correlations between structure and odor. 
A wealth of material is concisely presented, 
including some new data and concepts. 
There is more general agreement on most 
aspects of the subject than might be 
anticipated when such a complex topic 
is attacked from eight separate angles. 

M. Stoll leads off with a brief synopsis 
of relationships such as that between 
odor and adsorptive behavior, which lead 
him to conclude that odorous mole- 
cules, making intimate contact with 
receptors in the nose, may transfer energy 
by “Fermi resonance’? without actual 
chemical reaction. 

H. Kalmus succinctly describes the 
location and structure of the taste buds, 
and the phenomenon of wide variations 
in taste thresholds of CNS compounds, 
the only reference to taste in the entire 
volume. He also summarizes interesting 
work by von Frisch demonstrating the 
acuity of odor discrimination by bees, 
and work of his own showing similar 
powers in trained dogs. 

J. Sfiras and A. Demeilliers describe 
the structure and use of a simple piece of 
apparatus for measuring ‘odor intensity.” 
The measurements depend on the human 
nose, as do all such measurements re- 
ported to date. The “intensity” or 
“odor yield’ here recorded appears to be 
a ratio, that of the concentration of the 
odorant in air saturated at 22° to the 
minimum perceptible concentration. 

Y.-R. Naves contributes a compre- 
hensive, critical, and much-needed review 
of the confusing data on odors of stereo- 
isomers. He finds only minor differences 
between optical antipodes, but greater 
ones between cis-trans isomers, cyclanic 
stereoisomers, etc. He considers it likely 
that only part of an odorous molecule 
reaches the osmoceptors of the olfactory 
membrane, the rest of the molecule being 
important only as it promotes or retards 
such contact. He sees little similarity 
between olfaction and response to drugs 
or toxins, 

M. G. J. Beets reviews the leading 
theories of odor and finds a few points of 
agreement among the many diverse ideas 
quoted. He calls attention to the scarcity 
of reliable data on the odors of structurally 
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related compounds, or on the structures 
of olfactively related substances. He 
summarizes the available data, and 
gives a rather detailed treatment of the 
musk odor, scanning for this purpose the 
numbers of benzene, tetralin, and indane 
musks synthesized in recent years, as 
well as the older nitro musks, and the 
macrocyclic and steroid musks. This 
chapter will be of immense value to 
future workers in olfaction. 

R. H. Wright discusses his theory that 
molecular vibration of less than 700 cm.~! 
(15 microns) is instrumental in triggering 
olfactory sensations, either by promoting 
discharge of a metabolically excited 
molecule or by increasing the probability 
of excitation by a metabolic process. 

H. W. Thompson critically reviews 
the “recent theories of smell which involve 
some highly imaginative views about 
molecular vibrations and the transfer 
of electromagnetic radiation.’”” He pos- 
tulates that the odorant molecule and the 
olfactory pigment or organ are brought 
together so that the odorant can behave 
as a positive or negative catalyst, inter- 
rupting or triggering some metabolic, 
probably enzymic, process.~ He lists seven 
problems which must be tackled to unravel 
the mechanism of smell. 

L. Ruzicka summarizes the fundamen- 
tals of odor chemistry in the light of his 
own work of the past 40 years, which 
included the discovery of the macrocycles. 
He is convinced that odorous molecules 
most probably produce odor impulses by 
means of chemical reaction with a re- 
ceptor molecule. He finds that the 
facts of odor and structure fit well into the 
wider picture of the relationship between 
physiological properties and chemical 
structure. 

One of the few typographical errors 
noted is in the structural formula for 
compounds 118, 119, and 120 on page 84. 
The type is clear, the binding good. 
Taken as a whole, this book can serve 
as a condensed but penetrating intro- 
duction to the fascinating structure-odor 
enigma. It is a must for those who are 
generally interested in odor problems, 
but who have not the time to follow all 
the pertinent periodicals. 


PAUL G. I. LAUFFER 
HastinGs-on-Hupson, New 


FUNDAMENTAL CONCEPTS OF 


INORGANIC CHEMISTRY 


Esmarch S. Gilreath, Professor of Chem- 
istry, Washington and Lee University. 
McGraw-Hill Book Co., Inc., New York, 
1958. vii + 421 pp. 80 figs. 71 
tables. 16 X 23.5cm. $7.50. 


Turis book is designed for use as a text 
for a one semester course in advanced 
inorganic chemistry for undergraduates. 
It deals in an introductory way with a 
necessarily limited group of principles of 
particular interest to inorganic chemistry, 
including only enough descriptive material 
for illustration of principles where nec- 
essary. The discussions are generally 
nonmathematical and are initiated at a 
level easily within the grasp of a student 


having only a background of ge, 
chemistry; physical chemistry is n 
necessary prerequisite. 

About one-third of the book is dev. 1¢ 
to problems of the atomic nucleus, ° 
emphasis suggests it may best be suite: 
use in departments which do not ha.» ; 
separate course (and text) on nucle: 
radiochemistry. A rather complete 
mary of events leading to the discovery 
and naming of the recently discov:-red 
“synthetic’’ elements is included, Chi) ter 
2 is devoted to atomic structure, a limited 
intreduction to quantum theory ind 
atomic spectra, the Bohr theory and the 
conventional assignment of electrons in 
quantum levels. A brief mention of some 
principles of wave mechanics is given. 

Chapter 3 deals with the classific:iion 
of the elements into periodic tables with 
appreciable discussion of material ow 
primarily of historical interest. The 
chapter concludes with a discussion of 
periodic properties. Chapter 4 is en- 
titled ‘‘Forces Between Atoms.” Prin- 
ciples of ionic and covalent bonding are 
presented with an introductory treatment 
of topics such as ionization energies and 
electron affinity, ionic crystal lattice ener- 
gies, the Born-Haber cycle, ionic radii 
and crystal structures, directed covalent 
bonds, the molecular orbital approach, a 
brief summary of Pauling’s electro-nega- 
tivity scale, problems of the metallic bond, 
and van der Waals forces. 

Chapter 5 is devoted to complex ions 
and coordination compounds in general, 
including magnetic properties, stabilities, 
chelates, and isomerisms. The level of 
these discussions is designed for under- 
graduate students. 

Chapter 6 presents general principles 
concerning solubility, acid-base systems 
and acid strength, redox reactions, oxi- 
dation potentials and their application. 
Some of this material is quite elementary; 
for example the assignment of oxidation 
numbers and their use in balancing oxida- 
tion-reduction equations are reviewed. 
Chapter 7 gives a survey of chemistry in 
non-aqueous systems, including liquid 
ammonia, hydrogen fluoride, sulfur di- 
oxide, hydrogen cyanide, and acetic acid. 

The reader will note a general similarity 
of topics covered to Part I (Principles) of 
T. Moeller’s “Inorganic Chemistry.” 

The book is well written, lucid, and 
includes a generous number of exercises 
and references to related works at the end 
of each chapter. 


N. W. GREGORY 
UNIVERSITY OF WASHINGTON 
SesTTLe, WASHINGTON 


RADIOISOTOPES—A NEW TOOL FOR 
INDUSTRY 


Sidney Jefferson, Leader of the ‘ech- 
nological Irradiation Group, Isotope Di- 
vision, Harwell. Philosorhical Lib: ary, 
Inc., New York, 1958. 106 pp. 44 19s. 
13 X 19cm. $4.75. 


Tue most obvious feature of this tle 
book (only 106 in. X ext 
pages) is the insultingly high pric: It 
is a well written and illustrated prim: !0r 

(Continued on page A408) 
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natural science and mathematics receive more 
emphasis in the college curriculum? Far from new, 
this old question is being asked more persistently by 
some curriculum planners who realize that colleges are 
educating in a Sputnik age. In some cases, often at 
institutions priding themselves on education in the 
“liberal arts,”’ science has been regarded as being, though 
not uncouth, at least on the edge of a cultured person’s 
concern. Fortunately these institutions are a vanishing 
breed. Many colleges, rather, are characterized as 
providing education in “the liberal arts and sciences.”’ 
In these the goal of the curriculum planners is balance. 
Even the humanities professor whose only chemical 
knowledge is that the formula for water is “HO,” reads 
the science headlines in his newspaper with curiosity and 
not a little awe. He realizes that the introduction to 
contemporary civilization he himself received in college 
left large areas unexplored, many guideposts unob- 
served. He agrees that something should be done for 
present-day students, but he cannot conceive of a cur- 
riculum aptly described as “the liberal sciences and the 
arts.” 

One method of trying to attain completeness in the 
college curriculum is to balance by bookkeeping. More 
columns are to be added to the ledger of a student’s 
record. We shudder to think of the faculty meeting 
where each discipline is represented by a sponsor who 
extols its significance for the culture of today and pleads 
for its fair share of a student’s time. Such a meeting 
may end in an orgy of academic horse-trading. Surely 
it ends in each participant feeling that he must be not 
just ignorant, but an utter dunce. 

An editorial in Science, May 30, 1958, calls attention 
to an alternative view which we agree has implications 
far beyond the attainment of balance in education. 
This is Whitehead’s conviction set forth in his essays on 
the theme, “The Aims of Education”: “The subjects 
pursued for the sake of a general education are special 
subjects specially studied; and. ..one of the ways of 
enco\iraging general mental activity is to foster a 
speci: devotion.” The editorial writer says: 


_ Justification for this union of the general and the special follows 
immeliately once it is granted that the goals of education have 
something to do with fruitfulness of mind. If the study of a 
given subject is to mean something more than the memorizing 
of a given routine, then the study of additional subjects is not 
hecess:rily the answer, for it may only mean the memorizing of 
additional routines. What is necessary is to set forth the prin- 
tiples hy which knowledge is come by, but to do so at once in 


terms of a specific use and at the same time apart from that use. 

To teach a branch of science so as to encourage general mental 
activity involves many things. At one level it involves present- 
ing a body of knowledge as a body of knowledge—to the extent, 
that is, that connections among the parts have been established— 
not as a set of isolated answers to isolated questions. At a second 
level, it involves tracing the routes by which both the answers and 
questions are first suggested and the methods by which the an- 
swers become warranted as true. Ata third level, it involves bring- 
ing to light the individual and communal values that make 
science possible. 

With proposals on hand for increasing the emphasis on science, 
the first impulse for those concerned with general education is to 
call for a comparable increase in emphasis on the humanities. 
But what we are trying to suggest is that the way to correct 
specialization in science is more complex than seeking a point- 
by-point balance with other disciplines. A concern with broad 
coverage can become the pursuit of an unattainable ideal. Com- 
pleteness in education moves not only horizontally but also 
vertically. 


This way of looking at the meaning of his job should 
be examined by every science teacher, whether he finds 
himself on the offensive or defensive side of the cur- 
ricular battle. Our life is full of catch phrases which 
undo trap doors into cultural lassitude: ‘Art for art’s 
sake,” “Business is business,” ete. If he adds, ‘““Chem- 
istry for chemistry’s sake” to this vocabulary, he has 
done his students an educational disservice. 

The chemistry course can and should better con- 
tribute to general education if it has “vertical’’ depth. 
Most scientists abhor the courses about science which 
sometimes hide behind the label “survey.” The al- 
ternative need not be a subject narrow in scope, thickly 
covered by a mass of detail. We maintain that it is 
possible to get students to begin to think like chemists. 
This they will not do in a course which merely empha- 
sizes the chemistry without the thinking. 

E. W. Sinnot in his essay, ““Man’s Unique Distine- 
tion,”’ sets man off from the rest of animate nature by 
virtue of his creative imagination: 


The creative act does not come of itself but only after the way 
has been prepared for it by long and hard thinking which fills 
the mind with ideas, the raw data, that creativeness can then 
proceed to put together. 


Humanities can be defined as “human characteristics 
and attributes.” Any course which develops in a 
student the uniquely human attribute of creative imag- 
ination transcends any curricular category. Moving 
thus “vertically” can it contribute to “completeness in 
education.” 
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Symposium on Wood as a Chemical Raw Material’ 


Ba SUMMARY OF SYMPOSIUM’ 


Tus Symposium on Wood as a Chemical Raw 
Material has been directed toward the problems 
involved in the chemical utilization of one form of 
plant life, that of our forests. Chemical utilization of 
other plants would follow many of the same paths. 
This is the aim of the Farm Chemurgic Council. 

The primary product of the forest is lumber. The 
conversion of the tree into logs and the logs into lumber 
is wasteful in terms of the per cent of wood substance 
in the tree recovered in the form of lumber. Vast 
amounts of wood residues are currently available for 
secondary conversion in spite of the efforts being put 
forth by the up-to-date logger and lumberman. The 
complete utilization of this wood substance would 
yield (and does yield) many other products in addition 
to lumber and plywood, including pulp, paper, and 
paperboard—particle and other hardboards—insula- 
tion boards, etc., and directly or indirectly, a whole 
host of compounds of present and future importance 
to our chemical economy. Practically the entire 
organic chemical industry of the Scandanavian coun- 
tries is now wood-derived. The aim of the scientists 
and engineers of our own wood-consuming industries 
is the establishment of a competitive chemical industry 
based upon the utilization of our own wood residues. 


Availability of Wood for Chemical Utilization 


Earlier, the term “‘vast amounts” was used to describe 
the volume of wood residues in the United States. 
How much is a vast amount? To answer this and 
other questions about our wood residues, we called 
upon E. G. Locke (U. 8. Forest Products Laboratory, 
Madison, Wisconsin) and E. E. Matson (Pacific 
Northwest Forest and Range Experiment Station, U. 8. 
Forest Service, Portland, Oregon). They reported 
that more than 100 million tons of wood residues are 


1 Presented before the Divisions of Chemical Education and 
Cellulose Chemistry at the 133rd Meeting of the American 
Chemical Society, San Francisco, April, 1958. 

2 Eprror’s Note: The press of material scheduled for pub- 
lication made it impossible for the complete text of all papers 
read at this symposium to be printed in these pages. Recogniz- 
ing the value of having a complete story, the Editor asks Dr. 
Lewis to provide this summary of the day-long program. 

For readers of this article who are interested in the chemistry 
of wood and its utilization, there is a two-volume work, ‘“‘Wood 
Chemistry,’’ by Wise and Jahn, 2nd ed., published by Reinhold 
Publishing Co. as the A.C.S. monograph No. 97. These two 
volumes will provide adequate background for an understanding 
of the chemistry involved in the papers on this symposium. 


HARRY F. LEWIS 


The Institute of Paper Chemistry, Appleton, 
Wisconsin 


produced annually from commercial logging and 
lumber manufacture, and by the pulp mills of the 
United States. Logging operators alone leave better 
than 50 million tons of wood substance in the forest 
to rot or be consumed by slash fires. Lumber and 
plywood mills converting the logs by the logger, 
produce another 45 million tons of waste. Finally 
the pulp mills remove some 9 million tons of unused 
wood substance in their digesters; these are largely 
found in the spent liquors with smaller amounts in 
the stack gases. 

Of the total volume, not all is equally available. 
The cheapest materials are the wastes of primary and 
secondary processing (the lumber and plywood residues) 
for the costs of collection and transportation have 
already been met. Locke and Matson are careful to 
point out that almost two-thirds of this is currently 
being used as fuel and if converted chemically, would 
have to be replaced by other fuels. Chippable slabs, 
edgings, and trim may be sold to pulp and fiberboard 
plants; this practice is increasing particularly in those 
lumber mills where hydraulic barkers produce a bark- 
free slab. 

Unfortunately the waste left in the woods (cull 
trees and logging residues) is expensive to collect and 
its effective use calls for a processing plant able to 
make an integrated multiple use of the material. 
Plants of this type are expensive and would be of no 
interest to the small logger of the ‘‘peckerwood variety.” 
They are of much greater interest to those companies 
operating their forests on a sustained yield basis. 


Composition and Structure of Wood 


In order to understand the problems faced by those 
who seek to establish commercially stable operations 
from the utilization of wood residues, it seemed desira- 
ble to describe the biological and chemical components 
of wood substance, for these determine the value of 
the material in terms of utilization. This was done 
by Professor A. B. Anderson of the Forest Products 
Laboratory of the University of California. In te 
complete paper (page 487) will be found a classificati»n 
of trees into hardwoods and softwoods, a discussion of 
the anatomy of the tree in terms of tracheids, fibe: s, 
vessels, ray cells and resin ducts and of the chemist: v 
of the tree with particular reference to the import | 
chemical constituents—cellulose, hemicelluloses, a) | 
lignin. The reader is urged to read the Anderson pap: * 
before continuing with this review. 
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Degradative Conversion of Wood Waste by Destructive 
Distillation 

One of the earliest wood converting operations was 
that based upon the pyrolysis of hardwood, whereby 
the organic constituents are decomposed by heat into 
ch:.rcoal and a variety of volatile byproducts, many of 
which may be recovered when the retort gases are 
cooled. A. W. Goos of Cliffs-Dow Chemical Company 
of \larquette, Michigan, told the symposium of the ups 
and downs of the “hardwood distillation industry.” 
He pointed out that not only is charcoal a convenient 
fuel but it is also a chemical of some worth in the 
manufacture of carbon bisulfide, carbon tetrachloride, 
sodium cyanide, and silicon. In earlier times it was 
widely used in metallurgy; presently it has been 
largely replaced by coke. 

In addition to the manufacture of charcoal, the 
larger byproduct plants of today recover certain pure 
chemicals together with useful oil and tar fractions. 
One major product, wood alcohol (methanol), is an 
important alcohol denaturant. A second, acetic acid, 
has all the uses of synthetic acetic acid. These two 
substances cannot compete by themselves with their 
synthetic analogues, but as byproducts of charcoal 
production they find a good market. Hardwood tars 
are distilled to yield antioxidant fractions and are 
refined for pharmaceutical grade creosote, guaiacol, 
creosol, maltol, and methyleyclopentenolone. Un- 
fortunately the markets for such products are some- 
what limited. Some two hundred compounds are 
found in wood distillates, but only a few have com- 
mercial outlet. 

Softwood distillation, Goos continued, has been 
confined to the southeastern part of the United States 
where pine heartwood is available. With the exception 
of the charcoal, the products are quite different from 
those obtained from the distillation of hardwood, 
running largely to pine tar, turpentine, and pine oils. 

At the present time, wood distillation is enjoying 
an upward trend, thanks to the rediscovery of the 
pleasures of outdoor cookery. Glowing charcoal, 
Goos contended, enhances the flavor and savory 
quality of many foods. This recent trend has increased 
the demand for charcoal briquets which are more 
compact and uniform than lump charcoal. 

The wood carbonization industry provides a useful 
outlet for thinnings, undesirable wood species, and 
trees unfit for lumber. Inexpensive carbonization 
retorts have been developed by the Forest Products 
Laboratory, and even the small operators can use 
their residues for the manufacture of charcoal. 


Chemicals from Wood Residues by Treatment with 
Catalytic Quantities of Acid 

While the pyrolytic reaction alters the chemical 
nature of the major wood constituents to a significant 
degree, other forms of chemical conversion may react 
either with lignin on the one hand or with the carbo- 
hydrates on the other. The fourth paper in the 
symposium described the use of acids in catalytic 
amounts to hydrolyze the polysaccharides in wood 
Into simple sugars and/or their degradation products. 
The authors, J. F. Saeman, J. F. Harris, and E. G. 
Locke, are all on the staff of the U. S. Forest Products 
Laboratory. Dr. Saeman first reviewed the history 
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of wood conversion by straight acid hydrolysis followed 
by fermentation of the sugars into alcohol. Many 
millions of dollars have been invested in this process in 
research and plant development in the United States 
and other countries. Under the present state of our 
basic knowledge of wood chemistry, alcohol from the 
fermentation of wood hydrolyzates cannot compete 
with synthetic alcohol largely because of our inability 
to convert lignin into dollars. 

Because of this, the Forest Products Laboratory 
has revised its program for the chemical utilization of 
wood. Although various routes are available, the 
Forest Products Laboratory has concentrated on a 
series of hydrolytic reactions brought about by catalytic 
quantities of dilute acids. In such a process chemical 
costs are kept low and the recovery of processing 
chemicals is unnecessary. In addition, a large portion 
of the wood substance can potentially be put to use. 

The studies in process include: prehydrolysis to 
liberate acetic acid and the hemicellulose constituents; 
conversion of the cellulose to glucose; conversion of 
pentoses to furfural; conversion of the hexoses to 
hydroxymethyl furfural, levulinic acid and formic 
acid; and separation of the lignin from the carbohy- 
drates of wood. 

Saeman reported on conditions which favor a 
maximum yield of sugars. Prehydrolysis studies 
indicate a correlation between the extent of hydrolysis 
and the residual xylan and mannan in the insoluble 
portion of the wood. The maximum yield of glucose 
from cellulose is favored by an increase in temperature 
and acidity and by treatment of the cellulose with 
ionizing radiations and by grinding. Maximum yield 
of furfural from the pentoses improves with increased 
temperature and dilution of the pentoses. Hexoses 
by an analagous reaction are converted to hydroxy- 
methyl furfural. At low temperatures the yield of 
these products is low; they increase markedly with 
increase in temperature. Hydroxymethy] furfural as 
it is formed is converted into levulinic acid and formic 
acid. 

The profitable conversion of wood residues into 
chemicals by these steps requires efficient use of all 
the wood constituents. The key point in the over-all 
program is based upon the utilization of lignin. Up to 
date, the greatest amount of effort to utilize lignin 
has been put on lignin from the pulping process. The 
authors believe that this limits the evaluation of the 
true potential of this chemical as a tonnage industrial 
material. Consequently the separation of the lignin 
from the carbohydrates of the wood by means of 
unconventional lignin solvents is being studied. Their 
hope is to isolate a more reactive form of lignin than 
is now available from pulping spent liquors. 


Separation of the Components of Wood by the 
Pulping Process 


At the present time, the most profitable method for 
using wood unfit for lumber or plywood would seem 
to be to convert it into pulp where this is feasible. 
J. L. MeCarthy (University of Washington) told the 
symposium via his colleague, Vincent Felicetta, of 
the chemical reactions involved when wood is pulped. 

Using the gymnosperms (softwoods) as an illustra- 
tion, McCarthy referred to the longitudinal cells for 
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fibers in these woods as being of particular interest 
to the papermaker. The walls of the fibers are pre- 
dominantly cellulose while the middle layer between 
the fibers is predominantly lignin. The essential 
process of pulping comprises acting on this middle 
layer so as to break down the cellular structure of the 
wood. to yield individual cells or pulp fibers consisting 
principally of cellulose. 

In practice today, the lignin may be.largely removed 
during cooking so that relatively little effort will be 
required to separate the fibers, or less lignin is removed 
by cooking for shorter times or with milder conditions, 
substituting mechanical energy for the fiber separation. 
Very little if any lignin is removed in the groundwood 
process which is based upon the mechanical grinding 
of wood in the presence of steam. The resultant pulp 
is a mixture of lignified fibers, fiber fragments, and 
fiber bundles. Groundwood pulp is used in the 
manufacture of newsprint. 

The three major chemical methods for delignifying 
wood are based upon the reaction of wood chips with 
an aqueous solution of a pulping agent at elevated 
temperatures and pressures. McCarthy suggested 
that the lignin is thereby broken down into smaller 
units which are water soluble while some of the hemi- 
celluloses are either hydrolyzed to monomeric hexoses 
and pentoses and/or converted to sugar degradation 
products. 

The ‘‘acid sulfite” process uses for its pulping agent 
a mixture of sulfurous acid and bisulfite, with calcium 
ion usually as the basic ion, although in certain cases 
this may be ammonium, magnesium, or sodium. 
Appropriate salts of lignosulfonic acids are formed and 
these are found in the spent sulfite liquor together 
with the hydrolyzed sugars and the degradation 
products of the sugars. 

The most widely used pulping process employs an 

_ alkaline solution of nonsodium sulfide and sodium hy- 
droxide. Lignin in this case is solubilized probably 
through the formation of alkali-soluble thiolignins; 
the sugars from whatever hemicellulose is dissolved, 
together with a part of the dissolved cellulose, form 
large amounts of saccharinic acids. This is the 
“kraft’”’ or “sulfate process.”’ 

The “‘neutral sulfite” process, which is developing in 
interest as a means of converting hardwoods into quite 
useful pulps, is based on a solution of sodium sulfite 
and sodium carbonate. Much work is still necessary 
before we can speak about the chemical reactions taking 
place: normally, however, much larger amounts of 
lignin remain in the neutral sulfite pulps. 

It should be pointed out that both sulfite and sulfate 
pulps have to havetheresidual lignin removed by bleach- 
ing before they can be used in the manufacture of fine 
papers. Unbleached pulps are bleached in stages. 
As an example, they may be first treated with chlorine 
in acid solution, followed by treatment with an alka- 
line hypochlorite solution, then they are washed thor- 
oughly to remove bleaching residues. For pulps of 
high brightness, sodium peroxide or chlorine dioxide 
solutions may be employed in a final step. 


Chemical Cellulose from Wood 


Bleached pulps contain varying amounts of resistant 
cellulose (a-cellulose), together with the lower molec- 
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ular-weight cellulose, hemicelluloses, and undesir- 
able extractives. 

Before these pulps can be converted to such produc;s 
as cellophane and viscose, cellulose esters and ethe:s, 
etc., they must be further purified. Berwyn Thoms 
(Rayonier, Inc., Shelton, Washington) outlined t'.e 
steps necessary for the manufacture of chemical ce]}.:- 
lose and its various derivatives (page 493). 


Utilization of Pulping Spent Liquors 


The presentations of McCarthy and Thomas hive 
generally covered the processes involved in isolating 
cellulose from wood. Up to this point, very litile 
has been said about the half of the wood substaiice 
which has gone into solution during pulping. The 
liquor coming from the digester after the cook is called 
“spent liquor.’’ That from the sulfite process is known 
as “‘spent sulfite liquor,” although in earlier years it was 
“‘waste sulfite liquor.’”’ No longer is it essentially a 
waste product. The spent liquor from the sulfate process 
is called ‘‘kraft black liquor.’’ This has never been 
considered a waste product in the strict sense, for the 
recovery of inorganic chemicals from kraft black 
liquor is an essential part of the process; the organic 
constituents of the black liquor are burned in the 
recovery process. M. N. Hearon (Crown Zellerbach 
Corporation, Camas, Washington) stressed the poten- 
tial value of the organic constituents of both spent 
liquors in his discussion of “Utilization of Pulping Spent 
Liquor” (page 498). Much work remains to be done 
before the wood substance dissolved in pulping is 
completely utilized. Millions of dollars have already 
gone into such research and additional millions will 
be spent before these substances are profitably used as 
chemicals. Again an important stumbling block is our 
inability to convert lignin to dollars. 


Production of Pure Chemicals from Lignin 


A somewhat different approach to the lignin problem 
is that of producing pure organic chemicals from lignin, 
the dream of lignin chemists for many years. This was 
described by Irwin Pear] (The Institute of Paper Chem- 
istry, Appleton, Wisconsin). Pearl referred first to 
the conversion of the lignin derivatives in “spent 
sulfite liquor”? into vanillin. He pointed out that 
substantially all the vanillin used in the United States 
comes from this source. Unfortunately, the market 
will take the vanillin from about 1% of the available 
lignin, and so the conversion of lignin into other 
chemicals has been extensively studied (page 502). 
Processes have been developed for preparing many 
other organic compounds from lignin, some of which 
appear to have properties of commercial importace. 


Utilization of Spent Sulfite Liquor Carbohydrates 


Lignin represents only one of the important classes of 
wood components which dissolves during pulping; 
a second would be those substances which may be 
generally classified as carbohydrates. In sulfite puilp- 
ing, some hemicelluloses are hydrolyzed to component 
pentoses and hexoses. The lower weight cellul: ses 
likewise yield glucose. Included with the sugar~ in 
the spent liquor would be the acid-induced degrada‘ \on 
products of these sugars and possibly small amount- of 
related oligosaccharides. Free wood sugars are ‘he 
predominant carbohydrates in most spent sulfite liquors 
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and make up from 15% to 20% of the total dissolved 
solids, says Whitmore who gave the paper on the spent 
sulfite liquor carbohydrates prepared by A. J. Wiley, 
L. M. Whitmore, Jr., and L. A. Boggs (Sulfite Pulp 
Manufacturers’ Research League, at Appleton, Wiscon- 
sii). The substance of this paper follows. 

In the past, utilization of the carbohydrates in spent 
sulfite liquor has been based on methods of fermenta- 
tion. For many years, ethyl alcohol from such fer- 
mentable sugars has been an important source of this 
material, especially in certain European countries. 
Three alcohol plants are currently operating in con- 
nection with North American sulfite pulp mills. Com- 
petition from synthetic ethyl alcohol has limited the 
wide-spread adoption of the process although the sales 
of the desugared lignin derivatives at a reasonable 
profit would make the process more attractive. 

A second fermentation method involves the produc- 
tion of yeast; of particular interest is the manufacture 
of torula yeast. Although torula yeast has to compete 
with other products entering animal feed and human 
food, the more complete use of the sugars by the yeast 
upgrades desugared lignin sulfonates for their ultimate 
utilization and reduces the stream pollution effect of 
the residual effluent. Two pulp mills in Wisconsin 
manufacture torula yeast from spent sulfite liquor and 
operate without government subsidies. 

Other fermentive processes have also been tested. 
One which yields lactic acid, acetone, and butyl! alco- 
hol is technically feasible, but is not of commercial in- 
terest because of the cost of recovery of these chemicals 
from dilute solutions. Butyric, propionic, and acetic 
acids, methane and antibiotics have also been produced 
by the fermentation of wood sugars. 

Attention has also been given toward finding methods 
for isolating purified wood sugars with unique proper- 
ties, but it does not seem probable that sufficient large 
scale uses will be developed for sugars like xylose, 
arabinose, mannose, and galactose to warrant large 
plant expenditures and high processing costs. Whit- 
more did describe one process in advanced state of 
evaluation in which the sugars in dry spent liquor 
solids react with solvents to yield soluble sugar deriva- 
tives which are susceptible to separation into indi- 
vidual sugars and their derivatives. Diacetone sugars 
and glycosides can be thus prepared. 

No attempt was made by Whitmore to follow the 
fate of the dissolved hemicelluloses in the kraft process. 
Reference has already been made by Hearon to the 
fact that these are converted to saccharinic acid. John 
Green at The Institute of Paper Chemistry has shown 
that a variety of acids are formed, running from three 
to six carbon atoms. These are present in the black 
liquor as sodium salts in amounts up to 15% or more 
of the weight of the wood pulped. Unfortunately no 
significant uses have yet been found for large amounts of 
such acids which might be available to the extent of a- 
million or more tons of crude salts per year as by- 
products of kraft pulping. 


Naval Stores and Tall Oil Industries 


He:ron (loc. cit.) in discussing the materials removed 
ftom wood by pulping liquors called attention briefly 
to tal! oil which is recovered as a byproduct in the 
kraft pulping of the resinous pines of the South. E. O. 
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Barnes and M. L. Taylor (Union Bag-Camp Corpora- 
tion, Savannah, Georgia) told the symposium in some- 
what greater detail about tall oil, and also the naval 
stores industries. 

For centuries, the gummy substance termed oleoresin 
which exudes from the bark of certain trees when the 
outer bark is wounded has been used as a calking 
compound for waterproofing the timbers and rigging 
of early sea-going vessels—hence the name ‘naval 
stores.’’ The oleoresin from southern pines is easily 
separated by steam distillation into gum rosin and 
gum turpentine, the two important components of 
the naval stores industry. 

The industry aiso has available as a source of oleoresin 
the heartwood of older pine stumps. Usually in ten 
years the sapwood of the stump decays leaving resin- 
rich heartwood.. 

In addition to the recovery of turpentine and rosin 
from “turpentining” living tree and dead stump, 
Barnes also described the processes which occur in the 
sulfate pulping of southern pine whereby the soaps of 
resin and fatty acid are recovered from “black liquor.” 
These form during pulping as the result of saponifica- 
tion of the acids and related derivatives in the wood. 
During the earlier stages of pulping, turpentine vapor- 
izes and together with other gases leaves the digester 
during venting to be recovered from the condensate as 
highly odorous crude sulfate turpentine. On refining, 
much of the objectionable odor is removed. 

As the digester black liquor is later concentrated in 
the evaporators, the crude soaps rise to the surface and 
are skimmed off; at this stage they are known as “black 
liquor skimmings.”” Further purification converts them 
to rather pure free fatty and resin acids, together with 
an unsaponifiable fraction. Tall oil is the mixture of 
acids and unsaponifiables which result from the acidifi- 
cation of the skimmings. 

Barnes reviewed in some detail the composition of 
the gum oleoresin harvested from slash and longleaf 
pine in this country. Somewhat less than 2.5% to 
3.5% of oleoresin is recovered based on the weight of 
the dry wood. As collected it contains approximately 
18% turpentine, 65% resin acids, 7% neutral materials, 
and 10% moisture and trash. 

The turpentine portion contains from 60% to 65% 
a-pinene, 25% to 35% 8-pinene, and 5% to 8% minor 
constituents such as dipentene, paracymene, terpene 
alcohols, and ketones. The resin acids include palustric, 
levopimaric, abietic, neoabietic, dehydroabietic, di- 
hydroabietic, dextropimaric, and isodextropimaric acid. 
Levopimaric acid is so sensitive to heat that in process- 
ing to gum rosin, it is isomerized to palustric, abietic, 
and neoabietic acids. Almost two-thirds of the neu- 
tral materials are esters of resin and fatty acids; the 
fatty acids are a mixture of oleic, linoleic, linolenic, and 
stearic acids. 

The resinous portion of the stumps and taproots 
used in the wood naval stores industry contains 15% 
to 25% oleoresin analyzing 14% turpentine, 71% resin 
acids, 7% pine oil, and 8% neutrals. The turpentine 
portion contains more a-pinene, very little 8-pinene, 


‘some camphene, and more terpenes and p-cymene, and 


the resin acids portion is similar to the resin acids por- 
tion of gum rosin. 
Crude tall oil, made from the “black liquor skim- 
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mings” by acidifying the latter with sulfuric acid, is a 
mixture of resin acids, fatty acids, and unsaponifiables. 
Much of the crude oil contains from 35% to 65% resin 
acids and 6% to 8% unsaponifiables, with the rest 
fatty acid. The composition varies with the lo- 
cality where the trees were grown. The resin portion 
is a mixture much like the mixture in gum and wood 
rosin. The fatty acids contain 6% to 8% saturated 
acids, largely palmitic acid with small amounts of stearic 
acid. The unsaturated acids run about 46% to 48% 
oleic, 43% to 45% linoleic, and 1% to 2% linolenic acids, 
the unsaponifiables are 25% to 35% phytosterols, 
5% to 15% higher alcohols, and the remainder hydro- 
carbons. 

The crude oil may be refined by acid refining or by 
distillation. In this country there are now eight major 
distillation plants in operation with a capacity of 
about 316,000 tons of crude tall oil annually. 


Bark as a Chemical Raw Material 


The final paper on the symposium dealt with the 
utilization of waste bark. Although the relative 
amount of bark varies between trees and species, the 
over-all figure of 10% is not much out of line. While 
the composition of various commercial woods has been 
rather thoroughly looked into at least by empirical 
methods, the same cannot be said for their barks. 
Cellulose and the hemicelluloses as they exist in wood 
have meaning. It is unfortunate that by now we can- 
not define lignin from wood with the same degree of 
comprehension. But in spite of this uncertainty there 
is some significance to the term “lignin’’ as it refers to 
the lignin from the softwoods. Since these analytical 
methods even as they relate to wood are empirical, 
they need interpretation based upon experience and 
supplemental testing. The application of the same 
procedures to the estimation of bark components is 
hazardous and not always convincing. A number of 
barks appear to contain significant amounts of material 
which appear in the lignin fraction and for which we 
have no counterpart in wood. This material behaves 
much as a polyphenolic acid, evolving carbon dioxide 
on heating; it differs also from lignin in that it is 
almost free of methoxyl groups. In the lignin frac- 
tion from redwood bark, there is also isolated a smaller 
amount of material which is much like the lignin in 
the wood. 

Nor is the structure of bark the same as the structure 
of the wood. This is to be expected for bark has a 
function of its own. It is on the tree to protect the 
living cambial tissue upon which the growth of the tree 
is dependent. It protects the tree from insect attack. 
It helps to regulate and conserve the water content of 
the tree, thus making possible the flow of sap and the 
translocation of the products of photosynthesis. 

Much research needs to be done before we can eluci- 
date the chemical nature of the bark components. 
Much of this will be pioneering; new techniques may 
be required for the estimation of these components. 
A lot of what has been done will need to be redone— 
or reinterpreted—before we can speak with assurance 
about the chemistry of bark. Such work is currently 
under way in a number of laboratories. 

William G. Van Beckum and Robert W. Miller of 
the Pacific Lumber Company closed the symposium 


with a review of the present commercial practices in 
the field of bark utilization. They first referred to the 
operations based upon the extraction of some unusual 
constituents from a specific bark. As illustrations they 
cited the production of quinine from cinchona bark, 
of cascara from the cascara tree, and of tannin from the 
tan oak. 

They next pointed out an important advantage of 
any scheme involving the utilization of bark, namely 
its availability. In general, the logging operations 
leave the bark on the log from which it is not removed 
until the log reaches the lumber or pulp mill. There it 
either goes through a hydraulic barker, or the barking 
drums of a pulp mill operation, or is sawed off as a 
slab together with some sapwood or, in the case of 
redwood, it may be taken off with a spud. 

At the present time, the most obvious use for bark is 
as a fuel at the mill and as such it is used in many 
operations. While this may be considered as a low 
form of chemical utilization, it would appear that the 
chemical potential of bark is not being fully utilized. 
During recent years, basic researches have expanded 
somewhat our knowledge of the composition of some 
of the more important barks, and as a result, it would 
seem that compounds of commercial importance might 
be produced. Among these constituents are dihydro- 
quercetin, quercetin, certain waxes, myrocitin, and 
reducing sugars. The barks of western hemlock and 
tan oak are a source of tannin for the processing of 
hides and for other chemical uses of tannin. Commer- 
cial processes for the recovery of useful chemicals from 
Douglas fir, western hemlock, and redwood are based 
upon extraction with organic solvents, or with hot caustic, 
soda ash, and sodium sulfite solutions. Current annual 
production of millions of pounds of such extracts are 
used in oil well drilling, ore flotation, water treatment, 
ceramics, and other fields. As the structures of other 
bark contituents are elucidated, we should be able to 
expand the market for bark products. 


SUMMARY 


In summary it may be said that in the United States 
wood wastes provide a potential source for a number 
of important chemicals, principally cellulose fibers, 
chemical cellulose and its derivatives, methyl alcohol, 
acetic acid, saccharinic acids, acetone, ethy] alcohol, char- 
coal, various pentose and dextrose sugars, furfural and 
hydroxymethy] furfural, tall oil, rosin acids, fatty acids, 
sterols, turpentine, a- and 6-pinene, dipentene, dimethyl 
sulfide, methyl mercaptan, lignin sulfonates, vanillin, 
vanillic acid, esters of vanillic acid, syringaldehyde 
syringic acid and its esters, torula yeast; tannin, «uer- 
cetin, dehydroquercetin, 6-conidendrin, bark w:xes, 
myracitin, ete. From ethyl alcohol obtained through 
the fermentation of spent sulfite liquors, the Scanda- 
navians have established an important organic chem- 
ical industry analogous in part to the commercial op- 
erations set up in the United States based on ethylene 
from petroleum processing. 

Unfortunately, the raw materials are spread ou! all 
over the country, and one of the principal chemicals 
available in larger amounts, lignin, has failed to de- 
velop an industrial potential of sufficient size and v:ilue 
to carry its proportion of costs. It is said that alcvhol 
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from the fermentation of wood sugars several years ago 
cost about 25¢ a gallon to produce. This cost is not 
competitive with other alcohol sources. Along with 
the gallon of alcohol, 13 pounds of lignin are formed 
which brought in no financial returns. It does not 
take a financial wizard to realize that a couple of cents 
a pound return on the lignin, F.O.B. point of manufac- 
ture, would make alcohol manufacture from this 
source a going business. The future of wood as a 
chemical raw material depends upon our ability to set 
up wood utilization on a sound basis of integrated 
operation in which all types of wood components and 


fractions are utilized. Fundamental research on lignin 
on a broad front would seem to be the first step. 

One hundred million tons of wood residue would 
yield from twenty to twenty-five million tons of lignin, 
fifty to sixty million tons of cellulose, ten to twenty 
million tons of hemicellulose, and ten million tons of 
bark, together with lesser amounts of extractives and 
their derivatives related to tannin, the terpenes, etc. 
A large percentage of the vast amount of raw material 
is currently not being utilized; it should soon begin to 
carry its weight in the chemical economy of the United 
States. 


THE COMPOSITION AND STRUCTURE OF WOOD' 


Limser-Propuctne trees and trees which are chemi- 
cally utilized consist of two broad groups, namely: 
(1). gymnosperms or softwoods, largely needle-bear- 
ing, and (2) angiosperms or hardwoods, the broad- 
leaved tree. The softwoods or coniferous woods em- 
brace 47 genera and about 500 species in comparison 
with at least 150,000 angiosperms. Of these two 
classes, the conifer occupies a unique position com- 
mercially, which is out of all proportion to its botanical 
size. Coniferous trees produce wood of a type entirely 
different from that obtained from the angiosperms or 
so-called hardwoods of commerce. 

Of the 800 or so species in the United States, about 
100 are used commercially. Unlike man-made ma- 
terials with relatively uniform properties such as metals 
and ceramics, wood is a natural product with consid- 
erable variability. In using wood, therefore, it is nec- 
essary to understand its many properties and something 
of its natural variability so that difficulties in perform- 
ance as a raw material will be minimized. 


PHYSICAL STRUCTURE OF WOOD 


When examining the cross section of a mature tree, 
certain structural characteristics are usually perceptible 
to the naked eye. Starting from the outer area of the 
cross section, the distinguishable characteristics are: 
(1) outer bark, (2) inner bark, (3) sapwood, and 
(4) heartwood (Fig. 1). 

The layered structure of wood indigenous to tem- 
perate zones is generally distinguishable throughout 
the cross section from the largest outermost growth 
ring to the smallest circle of the center marking the 
first year of growth (1). The fact that each of these 
distinct layers generally consists of the wood added 
during one year has given them the name “annual 


‘ Presented as part of the Symposium on Wood as a Chemical 
Raw Material before the Divisions of Chemical Education and 
Cellulose Chemistry at the 133rd Meeting of the American 
Chemical Society, San Francisco, April, 1958. 
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rings.” By counting the annual rings at the ground 
line, it is possible to determine the age of a tree. The 
width of the annual rings indicates growth conditions. 
Years of drought and growth under cover of other 
trees are characterized by narrow annual rings. The 
study of the annual rings of trees in retracing weather 
conditions before the existence of written records and. 
in fixing dates when certain trees were cut has become 
quite a specialized science known as dendrochronology. 

Speaking of dendrochronology, until a few months 
ago the oldest living things on earth known to man were 
said to be some of the California redwoods or sequoias 
which are about 3500 years old. Recently the Na- 
tional Geographic Society reported that the oldest 
living thing on earth is a battered wreck of a pine tree in 
California’s Inyo National Forest (2). “It has more 
than 4600 years under the bark,’’ the Society reported, 
adding that this particular tree and others surrounding 


Figure 1. A Wedge-shaped Block from Trunk of a Hardwood Tree 
(Ring-Porous) 


A, Fissured outer, dead bark. B. Inner living, light-colored bark. 
C. Sapwood composed of four annual rings. D. Heartwood composed of 
seven annual rings. E. Pith. (From Brown, Panshin, and Forsaith.) 


487 


ARTHUR B. ANDERSON 
4 
g 4 
| 
a 8 
~ 
{ 


it “were venerable when King Solomon ruled Israel.’’ 
The grove of bristlecone pines, Pinus aristata, in ques- 
tion includes 17 trees older than 4000 years. Thus, 
these trees were already 1000 years old when the famous 
General Sherman redwood was but a seedling. The 
pines are in the White Mountains between Bishop 
and the Nevada border. The late Dr. Edmund 
Schulman made the discovery. He began looking for 
old trees twenty years ago in a study of the climate of 
prehistoric West. ‘ 

Growth increments stand out in wood to varying 
degree because the growth intensity and, consequently, 
the density of the wood produced, are not uniform 
throughout the growing period. Usually, increase in 
thickness is most rapid at the beginning of the season 
and slows down appreciably as the season advances. 
The portion of the ring formed in the spring when 
growth is resumed is designed primarily for sap con- 
duction; it is often quite porous and is frequently low 
in density. This tissue is designated as earlywood or 
springwood. Wood produced later in the season is 
called latewood or summerwood; it is usually denser 
and darker as viewed with the naked eye or at low 
magnification. Summerwood is best adapted to in- 
sure strength to the stem and probably does not par- 
ticipate in sap conduction to the same extent as spring- 
wood. The discrepancy in color between the denser 
and darker summerwood of a given increment and the 
more open, lighter-colored springwood of the succeeding 
zone is responsible for the delineation of growth zones. 
As is to be expected, growth increments differ greatly 
in width and density in different tree species, in in- 
dividual trees of the same species, and at different 
heights in a given tree. 

The successive layers are deposited on the surface 
of the previously formed wood through the agency of 
a layer of living tissue, called the cambium, situated 
between the wood and the bark. The cambium 
envelops the wood of trunk and branches in a close- 
fitting film. From the inner surface of the cambium is 
deposited new wood which increases the volume of the 
tree. Each year a layer of wood is deposited outside 
the previous wood of trunk and branch by this tissue 
which at the same time generates the bark from its 
outer surface. 

The layers of wood, when first formed, are light 
colored and, as sapwood, function as conductors of 
sap which is chiefly water derived through the roots 
from the soil. Sap is conducted upward to the leaves 
where, from the gases of the air and the energy of the 
sun’s rays, food is manufactured and conveyed down- 
ward through the inner bark to the live tissue en- 
veloping the wood, where the food is further elaborated 
into new layers of wood and bark. When, after a 
number of years, a wood layer has been separated 
from the outer living tissue by wood layers deposited 
subsequently, it usually undergoes slight chemical 
and physical changes and becomes heartwood, in 
which condition it ceases to conduct sap and becomes 
dormant. The change from sapwood to heartwood 
often is characterized by a darkening in color due to 
infiltration of resins, gums, coloring substances, known 
collectively as extractives. The phenomenon of heart- 
wood formation still remains unsolved. 

In looking at a piece of split softwood, such as pine 


or spruce, with the help of a good magnifying glass, 
a lot of fine hair-like cells, called tracheids, becon.e 
evident. These tracheids, which run vertically, aver- 
age about 3.5 mm. in length and 0.03 to 0.05 mm. » 
diameter. Cell wall thickness is not greater than 0.()] 
mm. They are arranged in regular radial rows, fron 
the center of the tree outward and are interspers:-d 
every few rows by flat plates of smaller very fine cel’s, 
called wood rays, running horizontally, instead of 
vertically. Interspersed among the vertical ce(ls 
particularly, but also in many of the horizontal plat: s, 
are fine tubelike openings, the size of a pin or fincr, 
more or less filled with resin. These are the resin 
ducts and are really not cells at all, but openings |e- 
tween the cells. The resin ducts are not present in the 
majority of woods, but are extremely plentiful in 
pines. On closer examination of an individual cell, 
little dots appear as chains along the walls of the ver- 
tical cells. These are bordered pits by which the living 
cells communicate one with another. The number of 
pits in a tracheid may vary from 50 to 300. 

In comparison with coniferous woods, hardwoods 
present a surprising array of anatomical characteristics 
and departures. This situation has resulted, in part, 
from the presence in this class of timbers of the com- 
posite structure known as a vessel—a tubular duct 
running with the grain which arises as a result of the 
fusion of cells in a longitudinal row through the break- 
ing down, either wholly or in part, of their end walls. 
When examining a clear cut end of a hardwood board, 
the vessels appear as great numbers of small round 
holes or pores in the wood. These pores are trans- 
verse sections of the vessels, cells of much larger dia- 
meter than the fibrous elements. The fibrous cells in 
hardwoods, which compose the greater portion of the 
wood, are shorter, about 1 mm., than the tracheids of 
softwoods and are often so small in diameter that the 
cell cavities are undistinguishable when examined with 
a pocket magnifier. The vessel segments are com- 
paratively short tubular cells with more or less open 
endings, which fit together like minute lengths of pipe 
and form long continuous channels especially adapted 
for conducting sap. Because of the porous appearance 
of wood exhibiting vessels when cut at right angles to 
the grain, the hardwoods are sometimes known as the 
porous woods. 

For purposes of identification, the hardwoods may be 
divided into two general classes on the basis of pore 
arrangement. One class contains pores which are not 
only very much larger in the earlywood than in the 
latewood, but are also close together in a more or less 
continuous layer in the earlywood region of the annual 
ring. Woods with such distribution of pores are known 
as ring-porous woods. Other species with pores of more 
nearly uniform size distributed fairly uniformly 
throughout the annual layers are known as diffise- 
porous woods. Ash and oak are examples of riig- 
porous woods, white birch, maple, and poplar :re 
typical diffuse-porous species. 

In the sapwood of all hardwoods, the vessels re 
usually open, but, as the growing tree ages, the ¢vI- 
ties of the heartwood vessels of many species bec: me 
filled with ingrowths of small cells. These growth- re 
known as tyloses. In some woods, the cavities bec ine 
filled with deposits of gummy substances. The e' ect 
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Border zone between the hemicellulose and true cellulose 


Figure 2. Schematic Diagram Showing the Comp ts of Extracti 
free Cell Walls of Wood (After Wise) 


of tyloses may be illustrated by the fact that one can 
blow through long sticks of oak sapwood or even 
through heartwood of the red oaks, where the vessels 
are mostly unobstructed. The heartwood of the white 
oaks in which vessels are closed with tyloses, is rel- 
atively impermeable except at very high pressures. 
Tyloses are visible in the large vessels of the white oaks 
and certain other hardwoods as shining structures 
frequently resembling tiny soap bubbles. 

The parenchyma rays in hardwoods are much more 
strongly developed than in softwoods. This has re- 
sulted largely from the increase in size, and in some 
instances, in the number of wood rays. In con- 
sequence, these structures are often relatively con- 
spicuous. 

Porous wood consists of more kinds of cells than 
does coniferous woods. Add to this the fact that 
size and wall thickness of these also vary considerably, 
and the permutations that make possible the many 
kinds of hardwood are readily understandable. 


CHEMICAL STRUCTURE OF WOOD 


Wood is a heterogeneous material chemically as well 
as anatomically. Every piece of wood contains three 
major chemical components: cellulose, hemicellulose, 
and lignin. The first two are also known collectively 
as holocellulose. These three cell wall constituents 
are complicated macromolecular or high polymer 
compounds, the chemical constitution of some of which 
is still incomplete (Fig. 2). This is particularly true, 
for instance, of the hemicellulose and the lignin. Also 
present in wood are small amounts of mineral matter 
and significant amounts of a great variety of substances 
extrictable with water or with neutral organic sol- 
vents, such as alcohol, benzene, and ether. These 
substances are the extraneous components of wood, 
commonly called extractives, and are not an integral 
part of the cellular structure. 

When the proximate analysis for cellulose, hemicel- 
lulose, and lignin is determined on softwoods and 
hardwoods, a certain trend becomes apparent. For 
instance, there is a striking difference between the 
pentosan content of the hardwood and the softwood, 
the :ormer usually containing twice as much of this 
hemi-ellulose fraction. Another important difference 
between these two types of wood lies in the mannan 
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content. Here the softwood contains from 4%-10% 
mannans, while in hardwood it runs very much lower 
and at times contains but traces of this entity. 

The analytical results obtained for specific species 
show considerable variations. Differences are found 
between different parts of the same tree as well as 
between different trees. Sapwood differs in many 
cases quite appreciably from heartwood and spring- 
wood from summerwood. These results are not sur- 
prising when one considers the anatomy of wood or 
the effect of chemical reagents on thin sections of wood. 

These gross variations in chemical composition in- 
fluence the conditions employed in the chemical pulp- 
ing of various woods. Difficulties experienced in 
pulping, differences in yield as between species, and 
variations in the physical properties of the pulps can 
be traced, in part, to lack of homogeneity in the chem- 
ical composition of wood. 

Cellulose. Cellulose is the principal component of 
all woods and wood pulp, and is, by far, the most im- 
portant chemical entity in wood as far as chemical 
utilization of wood as a raw material is concerned (3). 


Figure 3. Cellulose 


We need but to refer to the huge quantities of wood 
being processed annually for the production of pulp, 
paper, and chemical cellulose. This white fibrous 
substance is insoluble in water and organic solvents 
and has a high tensile strength. Cellulose is classed 
among the high polymers. The cellulose monomer is 
glucose and occurs as an anhydroglucose. The number 
of glucose units per cellulose molecule or degrees of 
polymerization, may vary considerably from several 
hundred to several thousand units (Fig. 3). The 
fiber of wood contains aggregates of such chains. 
Upon examining these fibers by X-ray diagram, we 


Figure 4. Alignment and Composition of Fibrils of Alpha Cellulose 
from Plant Cell Walls 


A. Faggotlike bundle isting of seg ts of seven parallel fibrils, 
inclined at a slight angle from the vertical. B. One fibril in lateral sec- 
tional view showing zones in which pertiees of the long-chain molecules of 
cellulose have the parallel arrang t (crystallites), ted by regions 
in which the prea molecules are but partially send and disorganized 
(amorphous regions); there is no sharp boundary line between the crystal- 
lites and the amorphous regions. (After Brown, Panshin, and Forsaith.) 
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find that the fiber is not crystalline in its entirety; a 
portion of it appears amorphous (Fig. 4). Thus, here 
again, cellulose, the purest compound in wood, is not 
homogeneous and this duality in character explains 
why wood cellulose does not react chemically as a pure 
compound. 

Hemicelluloses. All woods contain an important 
group of polysaccharides termed the hemicelluloses 
(4). They are usually quite soluble in cold aqueous 
alkali and are hydrolyzed on treatment with hot mineral 
acids to simple sugars and/or closely related com- 
pounds, as well as some acetic acid. These character- 
istics, together with the fact that hemicellulose con- 
tains more than one type of monomeric sugar or sugar 
derivative, serve to distinguish the hemicelluloses from 
cellulose. Further, the degree of polymerization of 
hemicellulose is between 100-200 and hence is much 
lower than that of cellulose. 

There appear to be two general classes of hemi- 
celluloses present in wood: those linked with the lignin 
and those closely associated with cellulose. The 
former are often termed polyuronides because they 
contain relatively large amounts of hexuronic acid 
units. The latter are termed cellulosans, because of 
their relationship with cellulose. After their iso- 
lation, the properties of hemicellulose differ from those 
of the substances in the original wood. The acid 
hydrolysis of a hemicellulose isolated from a coniferous 
wood, such as spruce, yields the sugars, mannose, glu- 
cose, and xylose, and a hexuronic acid, together with 
galactose, arabinose, and fructose. In the case of the 
hemicellulose of hardwoods, the hydrolysis products 
include glucose, xylose, and a hexuronic acid, with 
little or no mannose. More xylose is obtained from 
hardwood hemicellulose than from the hemicellulose 
derived from softwoods. 

Thus, we can see that the building blocks of the 
hemicelluloses contain a number of different types of 
monomers, as compared with cellulose, and add to the 
complexity and nonuniformity of wood. The carbo- 
hydrate materials present in pulping effluent liquor are 
largely derived from the hemicelluloses. 

Lignin. With few exceptions lignin is second only 
to cellulose as the main constituent of wood averaging 
about 28% in coniferous woods and around 24% in 
hardwoods. It makes up the greater portion of the 
middle lamella which surrounds the fibers and cements 
them together, adding strength to the cell walls of the 
fibers and to the fiber aggregates which together make 
up the tree. 

At the present time no clear-cut picture of the 
structure of the lignin molecule can be presented 
(5, 6). There is, however, substantial evidence that 
lignin is built up to a large extent of phenylpropane 
building stones having either free or masked phenolic 
hydroxyl groups in the para position and methoxy 
groups in the meta position to the side chain. 

Here again, the isolated lignin has different properties 
from that existing in the wood. Since no way has been 
found to reduce this polymer to its simple building 
blocks, as is the case with the polysaccharides, it adds 
to the confusion as to the precise chemical constitution 
of the lignin molecule as it occurs in wood. 

One of the recent interesting aspects of lignin chem- 
istry has to do with the theory of lignification. One 
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of the theories is that a lignin precursor arises in the 
cambium; some diffuses centripetally and is incor- 
porated into the differentiating cells of the xylem and 
phloem. One possible lignin precursor is coniferi:,, 
the glycoside of coniferyl alcohol. The idea wis 
specifically formulated by Freudenberg who has, 1 
addition to demonstrating the presence of coniferin 
the sap of softwood, shown the analogous glycosice, 
syringin, to be present in the cambial sap of sore 
hardwoods (7). The work of Freudenberg and |.is 
school has shown further that glycosidases capable of 
hydrolyzing coniferin to coniferyl alcohol and 
oxidases capable of converting the alcohol into lignin- 
like substances are present in the zone of differentiating 
cells (6). Furthermore, labeled coniferyl alcohol may 
be fed into the cambium zone and can be shown to be 
incorporated into the lignin of the mature tree. The 
results clearly support the hypothesis of an inwardly 
diffusing precursor from the cambium region. 


Phenyl] propane unit 


CH,0H CH,OH 


[Glycosidase ] 
\ CH; H; 


bout bu 
Coniferin 


[Peroxidase] LIGNIN 


Coniferyl alcohol 


Since the pulping process largely involves the dis- 
solution and removal of lignin from the wood chip, 
releasing the desired cellulose fiber, lignin, of necessity, 
is present in the pulping effluent liquor. The utiliza- 
tion of such lignin has been and still is one of the major 
unsolved problems confronting the pulping industries. 

Having briefly defined the chemical nature of the 
three major chemical components which make up the 


cell or fiber found in wood, at this point it would be 


well to ascertain the distribution of each of these com- 
ponents in a single cell structure (8, 9). It has heen 
recognized that the cell wall of the mature trachcids 
consists of two structures: the primary wall and the 
secondary wall. The primary wall is the envelope 
initially surrounding the cell following cell divi-ion. 
The secondary wall which is formed subsequeiitly 
consists of three layers—a thin outer, a thick middle, 
and a thin inner layer, which are distinguishable by 
the difference in their optical properties, due to the 
orientation of cellulose which differs in each o! the 
three layers (Fig. 5). The primary wall contains a high 
amount of lignin—from 60%-90%, the remaider 
being largely hemicellulose with a smaller amount of 
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Figure 5. Diagrammatic Drawing Showing the Layers in the Wall of a 
Fibrous Xylary Ceil 


The solid black zone is the true middle lamella composed of intercellular 
substance; the crosshatched portions on either side indicate the position of 
the primary walls; these three layers p the d middle lamella 
and are heavily lignified. a, b, and c, respectively, are the layers of the 
secondary wall; the arrows at the side indicate the orientation of the fibrils. 
(After Kerr and Bailey.) 


cellulose. The main component of the secondary 
wall is cellulose, the least amount being present in the 
outer layer and gradually increasing toward the lumen 
in which the cellulose content of the innermost layer 
may run as high as 90% or more. Here again, the 
remainder is largely hemicellulose together with very 
small amounts of lignin. Cellulose forms the structural 
framework material whereas lignin and noncellulosic 
polysaccharides constitute the encrusting substances. 
Thus, in general, the cell wall of wood is highly ordered 
around the lumen and becomes more amorphous as the 
middle lamella is reached, which consists largely of 
lignin and some hemicellulose. 


EXTRACTIVE COMPONENTS OF WOOD 


Thus far we have been discussing the chemical 
composition of the integral components of the cell 
wall or wood fiber. An understanding of the peculiar- 
ities of wood would not be complete without referring 
to the extractive components. For a matter of fact, 
if trees were extractive free, many species would no 
longer retain their distinctive or individual character- 
istics (10). 

Extractives are those substances in wood which are 
soluble in neutral organic solvents and water. When 
wood is extract-free, its anatomical characteristics re- 
main intact. The quantity of extractive components 
found in wood may vary from as little as 1% to as high 
as 40%-50%. And this latitude of extractive con- 
tent may be found in a single tree, contingent upon 
the portion of the tree from which the sample was 
obtained. 

What types of substances make up the extractive 
components in trees? They may embrace practically 
all classes of compounds known to the organic chemist. 
Among them may be included hydrocarbons, alcohols, 
aldchydes, ketones, phenols, ethers, esters, lactones, 
oxides, and acids. One or more of these functional 
groups may appear in any one of the compounds in a 
single extract. The elementary composition of these 
compounds involves carbon and hydrogen with or 
Without oxygen. Nitrogen in the form of protein 


occurs in the protoplasm, and some trees contain - 
alkaloids. Thus it is apparent that an extractive com- 
ponent may be a simple organic compound or it may be 
most complex. The types of components found may 
include such diversified compounds as sugars, acylic 
sugar alcohols, cyclitols, gums, mucilages, glycosides, 
fats, fatty acids, rosin acids, terpenes, sterols, quinones, 
tropolones, lignans, anthocyanins, flavones, pigments, 
tannins, and the like. Elucidation of the structure of 
many of these extractive constituents is beginning to 
attract the attention of some of the foremost structural 
organic chemists throughout the world. 

The type of extractive components present in any one 
tree species often determines its characteristics. Cer- 
tain heartwoods are known for their durability against 
decay. Included among these are the redwoods, 
cedars, and cypresses. This particular ability to 
ward off wood-destroying fungi is attributable to the 
presence of fungicides in the extractives. Western 
red cedar (Thuja plicata) contains tropolones, i.e., 
thujaplicins, which are extremely toxic to wood-de- 
stroying fungi. Bioassays indicated that these par- 
ticular, unique, seven-member carbon atom ring com- 
pounds are several times more toxic to fungi than the 
well-known commercial wood preservative—creosote. 
Incense cedar (Libocedrus decurrens) contains a steam- 
volatile oil, which, in addition to tropolones, contains 
monomethyl ethers of hydrothymoquinone which 
were found to be highly fungicidal (Fig. 6). And 


Thujaplicin 


Hydrothymoquinone p-Methoxythymol p-Methoxycarvacrol 


Figure 6. Some Decay-retarding Extractive Components 
The thujaplicins are the decay-retarding extractive components in western 
red cedar; hydrothymoquinone and its monomethyl ethers, p-methoxythy- 


mol and p-methoxycarvacrol, are largely responsible for the durability of 
incense cedar heartwood. 


redwood (Sequoia sempervirens) contains tannins of 
the type and quantity responsible for the outstanding 
durability of this species. 

Extractives likewise play a role in the pulping proc- 
esses. For instance, in some of the pine heartwoods, 
the presence of a small amount of a dihydrophenol, 
i.e., pinosylvin, 


Pinosylvian 


j 
8 Thujaplicin 7 Thujaplicin 
OH 


was found to act as an antipulping agent. Similarly, 
dihydroquercitin is reported to be responsible for the 
antipulping properties of Douglas fir heartwood. 


OH 
O 
H 


HOH 


| 
OH O 


Dihydroquercitin 


Pulping southern pines by the sulfite process as used 
on spruce and hemlock would produce disastrous re- 
sults. Why? It is the relatively high resin content, 
consisting of rosin and fatty acids, in these pines, 
which necessitated the use of the kraft process before 
these pines could be pulped satisfactorily. So it is, 
when a particular wood species does not lend itself to 
a conventional pulping method, one may look to the 
extractives for the solution to the problem. 

Since the chemical nature of some of the extractive 
components in various species and subgenera is dif- 
ferent, a thorough study of these components may 
reveal that one or more of these constituents may serve 
as a fingerprint for identification purposes. Some prog- 
ress has been made in this direction. In a study of 
the volatile oils from oleoresin of various pines, Mirov 
has shown that species closely related from the bot- 
anist’s standpoint are quite different when their vol- 
atile oils are carefully examined (1/1). It was. pointed 
out that, while it is difficult to differentiate morpho- 
logically between the white pines (Pinus strobus and 
Pinus monticola), the chemistry of each is quite dif- 
ferent. The former contains n-undecane, while this 
hydrocarbon is not present in the latter. Similarly, 
identification of the constituents in the volatile oils 
from the closely related pines Pinus ponderosa and 
Pinus jeffreyi offers a key to the taxonomist for identi- 
fication purposes. The volatile oil from ponderosa 
pine is terpenic in nature, while that obtained from 
Jeffrey pine is aliphatic in composition, the predomi- 
nating component being n-heptane. Erdtman and 
and his co-workers in Sweden have carried out some 
extensive studies on the nature of extractives in pine 
heartwoods, which proved to be of considerable toxo- 
nomic value (1/2). Of the seven species belonging to 
the Haploxylon (mostly five needled) subgenera in- 
vestigated, all contain the cyclitol, pinitol, while none 
has been found in the 11 Diploxylon species (two or 
three needled). Still other extractive components 
which distinguish these two subgenera are the flavones, 
chrysin and tectochrysin, that occur only in the Hap- 
loxylon series. 


OH OH 
RO 4 ] 
OH OH 
Pinitol R=H_ Chrysin 
R=CH; Tectochrysin 


While the chemist has been able to offer some chemical 
data to aid the toxonomist, the extractives from many 
species must be thoroughly and carefully examined 
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before the chemist can throw more light on the ques. 
tionable aspects of taxonomy. 

Just as extractive components often serve to char 
acterize a wood, the amount and type of extractive i) 
various species more or less determine which species ar: 
suitable as raw material for the commercial productio:: 
of noncellulose chemicals from wood (13). Thus, the 
well-known commercial products, wood rosin and tu:- 
pentine, are obtained from southern pines, largely 
longleaf (Pinus palustris) and slash (Pinus caribaea . 
Tannins are obtained from chestnut wood (Castan 1 
dentata) and from the barks of eastern hemlock (Tsuja 
canadensis), chestnut oak (Quercus montana), tanoak 
(Lithocarpus densiflorus), and Douglas fir (Pseud- 
tsuga menzessit). Rubber, a hydrocarbon, is obtained 
from the latex of the Para rubber tree (Hevea brasilien- 
sis), carnauba wax from the leaves of the palm tree 
(Copernicea cerifera). Tung oil, known as “China 
wood oil” is expressed from the seeds of the tung oil 
tree (Aleurites fordit). Quinone is the important 
alkaloid from the bark of the cinchona tree (Cinchona 
ledgeriana). Some of the newer developments in 
processing wood for chemicals include wax and di- 
hydroquercitin from Douglas fir, new sources of rosin 
from ponderosa pine and Jeffrey pine stumpwood, 
pinitol from sugar pine mill waste and stumps, pal- 
conate from redwood bark, and conidendrin, a lignan, 
from sulfite waste liquor of western hemlock. These 
are but a few of the noncellulosic chemicals derived 
from wood. 

We have seen that wood is complex in boeth-its struc- 
ture and composition. As a raw material, wood offers 
many challenges to the chemist to utilize all of its 
components, rather than sacrifice one or more entities 
for single-product recovery. This, of necessity, would 
require integrated processing, wherein in addition to 
the recovery of cellulose, as in the pulp industry, the 
lignin, the hemicellulose, and the extractives likewise 
would be recovered and utilized. Several pulp and 
paper mills are making progress in this direction. 
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THE PRODUCTION OF CHEMICAL 
CELLULOSE FROM WOOD’ 


Ix 1955 the total world production of rayon and cel- 
lulose acetate fibers topped five billion pounds for the 
first time. Over half a billion pounds of cellophane 
film were also made. These products and several 
smaller ones of similar nature were all made from cel- 
lulose, the purified fibrous part of wood. 

That paper, board for cartons, and many similar 
products are made from wood fibers is a fact familiar 
to everyone, and many are acquainted with the general 
methods of making wood pulp from wood. The proc- 
esses for making the particular kinds of cellulose used in 
the manufacture of rayon, cellophane, acetate and other 
derivatives are very similar to those required for making 
cellulose for paper, but each of the various derivatives 
requires the cellulose to have certain specific char- 
acteristics. As a group these products are made by 
processes which usually require placing the cellulose in 
solution by some chemical means. For this reason they 
are called chemical celluloses or dissolving pulps. 
In general the paper manufacturer is interested in wood 
fibers as fiber for their inherent strength and form and 
in their chemistry only as that affects the physical prop- 
erties. The chemical cellulose user, however, is directly 
concerned with the chemical nature of the fiber, and in 
its physical form as that affects the reactivity; often 
he is entirely dependent on the presence or absence of 
certain trace materials. 

True cellulose consists of large numbers of glucose 
sugar molecules joined together into long chains. 
From these chains are built larger fibrils and from the 
fibrils the fibers. But the wood contains also other 
forms of sugars than the true cellulose itself and there 
is also a-wide variation in the length of the individual 
chains of the polymer. Thus, the entire sugar fraction, 
or holocellulose of the wood (amounting to about 60% 
of its original dry weight), may be described as some- 
thing of a spectrum (Fig. 1). The number of sugar 
units in an individual chain is called its degree of poly- 
merization, or “DP,” and the various components of 
the holocellulose can be ranked against approximate 
DP numbers. The DP is estimated by various analyt- 
ical 1ethods, and it and related factors are important 
characteristics of any cellulose sample. 

Auother common classification of the molecules is 
base’ on their solubility in aqueous alkalies. If the 
cellulose is treated with NaOH solution of about 18% 
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at 20°C., the cellulose structure will swell, and much 
of the material which is of shorter chain length will 
dissolve. The residue from this treatment is called 
“alpha cellulose” and the percentage of this component 
is an important cellulose quality. When the re- 
moved solution of shorter chain materials, which are 
called hemicelluloses, is acidified, part will precipitate. 
This is called “beta cellulose.” The remainder of 
the substance, soluble in water, is called “gamma cel- 
lulose.”” These divisions are arbitrary but they are 
founded on differences significant to the industry. 

The beta and gamma celluloses contain besides 
short glucose chains many which are composed of other 
sugars—mannose or xylose or of these sugars mixed 
with glucose, and finally some with sugar acid groups 
attached (17). Other polysaccharide molecules are 
so soluble that they can often be removed from the 
wood with simple water treatment. Among these are 
arabogalactans, pectins, and in some cases starch. 
Because the methods of purification for cellulose are 
imperfect, some portions of these different products 
will remain in the pulps. Paper pulps, as shown in 
Figure 1, often contain greater portions of such materials 
than dissolving pulps since they do provide certain 
useful characteristics for the manufacture of paper 
but are objectionable for the manufacture of chemical 
products. Also in many cases dissolving pulps will be 
so prepared that their average DP is somewhat higher 
than that of paper pulps. 

There are many kinds of chemical cellulose. Each 
derivative process requires different characteristics in 
its raw material and is differently affected by variations 
of the above types which occur. The pulping, bleach- 
ing, and purifying steps are therefore varied and closely 
controlled to turn out for each class of finished product 
a uniform starting material which can be used economi- 
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cally. Thus pulps are made for various chemical uses 
which have alpha contents of 88% to 97% and DP 
averages of 500 to 1700 units. The common require- 
ment for every grade is constant uniformity. 

Since the requirements for cellulose for the various 
derivative processes can be stated only against the back- 
ground of the processes themselves, these must be briefly 
outlined. 


VISCOSE PROCESS 


The largest proportion of chemical cellulose goes 
into products made by the viscose process and this is 
also the most complex of the derivative industries. 


NoOH 


SHREDDER AGING XANTHATOR 
O—O—O “cose 


FILTERING & RIPENING 


Figure 2. Brief Block Diagram of the Viscose Process 


The products include textile rayons of both continuous 
filament and staple types, rayon tire cord, cellophane 
and several minor products. Although made by basi- 
cally similar processes, these products and their cel- 
lulose requirements vary widely in character. 

The viscose process is shown briefly in Figure 2. 
The cellulose, commonly in a blotter-like sheet form 
about !/i. inch thick, is first steeped in a sodium hy- 
droxide solution of 18% to 19%. After a suitable 
period the excess caustic is drained and pressed out, 
leaving a swollen product called alkali cellulose. 

The alkali cellulose is ground up in a shredder to a 
fine fluff, to make the mixture uniform and thoroughly 
expose it to the air. The crumb is then stored in closed 
containers for up to two days to allow the oxygen of the 
enclosed air to react with the cellulose. 

Carbon disulfide is next added, forming the bright 
orange cellulose xanthate. This compound is soluble 
in dilute caustic, giving a honey-like solution called 
viscose. The viscose is filtered several times in the 
course of a day or two of ripening, and is then ready 
for spinning. It is expelled through very fine holes in 
a spinneret into a bath containing mainly sulfuric acid, 
sodium and zine sulfates, and glucose in various 
amounts. The cellulose is thus regenerated in its original 
chemical form but in a new physical shape as a con- 
tinuous cellulosic filament. The spun yarn is removed 
from the bath, washed, bleached, and purified before 
use in textiles or other products. 

Cellophane is made by extruding the viscose through 
a slot into a similar bath of acid. The film is washed, 
bleached, and dried continuously. 

Several general discussions and reviews of the re- 
quirements for, and behavior of, cellulose in the viscose 
process have been published in recent years (/-8). 
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In the first stage, the steeping, the caustic solution 
makes the cellulose swell greatly, and much of the hemi- 
cellulose is dissolved and then removed during the press- 
ing. Hemicelluloses are undesirable in the finished 
yarn because their short chain lengths and differe:t 
structures would give poor yarn strength; the abiliiy 
to dispose of them during the process greatly reduces 
the requirements for purity in the starting cellulose. 

For the proper operation of this extraction, the phys- 
ical form of the pulp sheet has the highest significance 
(2,3). For the older conventional process, the cellulose 
is steeped in sheet form. The sheets must be uniform 
in structure, absorptivity, moisture, and resin content, 
so that as the caustic solution rises in the press they will 
be evenly wetted, the cellulose will swell uniformly and 
all parts will be equally reacted with sodium hydroxie. 
The sheets must not float, or stump down when soaked, 
because any such motion will leave them out of line 
with each other and will result in unevenly pressed 
areas. Finally the sheets must have enough strength 
to withstand handling even when wet. 

Recent developments in the industry include a slurry 
method for the steeping step. Requirements for this 
process include easy dispersal of the separate fibers and 
rapid drainage of the caustic solution through them, 
in addition to several of the above qualities. 

All of these requirements must be met by correct 
operation of the pulp sheeting and drying machine. 
The sheet should be formed of well mixed fibers, de- 
watered smoothly, properly pressed and dried evenly 
without excessively high surface temperatures (2). 

In shredding, the pulp will be intimately mixed, 
but if it has not all been uniformly treated, this step 
cannot overcome extreme variations, and_ particles 
inactive to the subsequent reaction steps will remain. 

Very long cellulose chains are no more desired than 
the short ones, as the viscose will be too thick to spin 
at practical concentrations. The long chains are 
therefore degraded during the aging period by alkaline 
oxidation. This reaction has the property of reducing 
the DP sharply but without forming much short chain 
material. This degradation and the removal of hemi- 
cellulose in steeping results in a DP distribution more 
uniform than could be obtained by any practical means 
during the pulp manufacture. Pulps of very different 
initial characters can be used to make similar products 
in this way (4). 

Metallic contaminants, particularly manganese and 
cobalt, have a catalytic effect on the alkaline aging re- 
action, and only a few parts per million will increase 
the rate of DP reduction greatly. It is not necessary 
that these elements be entirely absent, but they must 
be uniform. They may, in fact, be ‘added if rapid 
controlled aging is desired. Since these elements 
sometimes occur in water supplies, water selection 
and treatment are important. 

In the xanthation step, the aged alkali cellulose fi! ers 
must be uniformly swollen and open in structure. 50 
that the carbon disulfide can diffuse readily to all the 
internal parts. Any portions not fully xanthated will 
not dissolve readily into viscose, and thus will remain 
as more or less gelatinous fragments. Such particles 
come from fibers incompletely treated with alk:li, 
insufficiently degraded, or unreactive to carbon disul- 
fide. The outer layer of the cellulose fiber, which «on- 
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tains much hemicellulose and is less soluble, often 
causes gel particles if it is not properly broken up in 
the pulp purification. Other causes include excessive 
resin or silica. 

Since such fiber fragments would clog the spinnerets 
or make weak spots in the yarns, they must be filtered 
out of the viscose (5). And, since they also tend to clog 
the filters, the quantity of viscose which passes through 
a standard filter before it clogs is a customary measure 
of the over-all reactivity of the cellulose. The viscose is 
pumped through a standard filter, and the rate of clog- 
ging is measured by weight and time recording. 

After the rayon yarn has been spun and dried, the 
final major evaluation of the cellulose is the strength 
and elasticity of the yarn produced. These are meas- 
ured by appropriate tests (Fig. 3). High strength and 
long life come from the proper balance of all the steps 
of the process coupled with high pulp quality. This 
is characterized today primarily by high alpha cellulose, 
low gamma and uniformly high initial DP range. 

Rayon tire cord is a specialized product first devel- 
oped about 20 years ago. In the modern process, 
developed thru experimental studies over many years, 
thread emerging from the spinneret is made to coag- 
ulate slowly and is greatly stretched while still plastic. 
This causes the cellulose molecules to line up more 
nearly in the direction of the filament, as they were in 
the original wood fiber. Then when the precipitation 
is completed and numerous secondary bonds form 
between the chains, the fiber regains a larger proportion 
of the crystalline structure possessed by the original 
cellulose, and much greater strength. And since it can 
stretch less, loading and flexing the cord as in a tire 
produces less internal heating. To bring about these 
special conditions, tire cord requires a pulp of higher 
purity and greater uniformity of DP than textile rayon 
(6). 

Sulfite wood cellulose was used by the developers of 
the viscose process in England over 60 years ago. 
Naturally the process has been improved since then, and 
the pulping and purifying methods have changed to 
meet the requirements. Pulps to meet higher require- 
ments for tire cord are made by slightly different cooking 
conditions, more thorough refining with hot alkali, 
and care to prevent degradation of the cellulose. In 
recent years further progress has been made in pro- 
duction of super-strong cords. For these, cotton 
linters were at first largely used to meet the need for 
purity and high strength, but by revision of the purifi- 
cation methods wood celluloses have been developed to 
fill even these requirements. And, as the new tech- 
niques developed for the super type cord are applied 
to regular rayon production, we can expect the appear- 
ance of products with much improved strength, en- 
durance, and launderability. 

The early choice of sulfite pulp was a necessity. 
Krait pulps, even after bleaching methods were devel- 
oped, were for a long time unsatisfactory, as the al- 
kaliie cook seemed to make the pentosan hemicel- 
luloses of the primary fiber wall resistant to removal 
by later refining. These then caused poor filtering 
vise se and low yarnstrength. It has recently appeared 
fron. electron-microscopic work that pulps showing 
proper reactivity all have a characteristic structure 
obtained only when a hot acid treatment is the first 
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step of cooking (4). The kraft process can only be 
used if the main cook is preceded by a brief acidic 
prehydrolysis. With this addition, to decompose the 
pentosans, the kraft method makes an excellent viscose 
type pulp for the manufacture of high quality end 
products. 

Cellulose for cellophane manufacture is made at 
lower DP than for rayon (7, 8). The viscose is pre- 


Figure 3. Strength Testing of Rayon Yarns. Tire Cord Yarn Shown 
on Cones, Textile Yarn in Skeins 


pared with a minimum of chemicals, and to facilitate 
economical processing under these conditions a par- 
ticularly reactive cellulose is needed. Both the pur- 
ification and the sheet preparation are involved in filling 
these requirements. 

Newer methods of viscose preparation are being 
investigated in various places; naturally such methods 
will put different requirements on the cellulose. But 
as in the super-strength rayon process, wood celluloses 
tailored to fit the needs of such new processes will be 
available when the demand arises. 


CUPRAMMONIUM PROCESS 


The cuprammonium process is another quite dif- 
ferent method for making rayon. Cellulose is directly 
soluble without formation of a derivative in a mixture 
of copper sulfate, ammonia, and sodium hydroxide, 
and is regenerated by spinning into water followed by 
dilute acid. The process is simpler than viscose, 
but it is more expensive and is now used only for a 
small amount of high quality textile yarn. 

Cellulose for the cuprammonium process must be 
well purified, as there is no extraction of hemicelluloses. 
Satisfactory wood cellulose is available and generally 
used as the raw material. 


CELLULOSE ETHERS 


The cellulose ethers include a group of products of 
varying nature and uses. The chief ones are car- 
boxymethy] cellulose, used as a thickener for food prod- 
ucts and a dispersing agent in detergents, and methyl, 
ethyl, and hydroxyethyl cellulose, used in adhesives, 
coatings, and medicinal products among other things. 
The ethers are made in high and low DP ranges, and 
in different degrees of substitution, which gives some 
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products soluble in water, some soluble in alkali solu- 
tions, and some soluble in organic solvents. 

Cellulose needs for ether manufacture are as varied 
as the products, and while for some types a paper- 
grade pulp can be used, others may require special 
pulps of high purity and DP (9). 

CELLULOSE ACETATE PROCESS 


Cellulose acetate is, for most of its uses, one of the 
highest quality cellulose derivative products. It 
requires very pure cellulose, and was made entirely from 
cotton or linters until 20 years ago. As satisfactory 
wood pulps have been developed they have replaced 
the linters to the extent of about 75%. The best 
modern grades of wood cellulose are practically in- 
terchangeable with linters for manufacture of most 
acetate products. 

There are several reasons for this high requirement 
(10-14). First, the acetate is made by a process in 
which practically all of the starting cellulose goes into 
the product (Fig. 4). The pulp is first treated with 
acetic acid. Then acetic anhydride is added, later 
more anhydride and a little sulfuric acid as catalyst, 


ACETIC ANHYDRIDE 
ACETIC ACID WATER 


TER 
SULFURIC, ACID 


HYDROLIZER PRECIPITATOR 


ACETIC ACID 
WA 


CELLULOSE REACTOR 


DRYER WASHER 


YARN SPINWING (ACETONE SOLUTION) 
ACETATE 
FLAKE 


en” SOLID PLASTICS (THERMOPLASTIC) 
Figure 4. Brief Block Diagram of the Cellulose Acetate Process 


and the entire mixture becomes a heavy paste. The 
completed compound is partly hydrolyzed, and then 
precipitated, by adding water, and subsequent steps 
are also carried out in dilute acids. Thus except for 
small amounts soluble in the dilute acids during hy- 
drolysis, precipitation, and washing, there is no oppor- 
tunity in this process for removal of short chain or non- 
glucose materials. The completed acetate may be 
dissolved in acetone and spun into hot air to make 
fibers, or formed by heating and pressing into molded 
objects. : 

Secondly, there is considerable degradation in the 
course of the reaction. Therefore the cellulose must 
have a very high and rather uniform initial degree of 
polymerization to give good strength in the finished 
products. 

Thirdly, several special problems arise from traces 
of impurities left in the cellulose. For instance, any 
remaining lignin, extractives, or other color sources 
will naturally affect the color of the finished acetate. 

Pentosans and other nonglucose hemicelluloses form 
acetates which are less soluble than true cellulose acetate 
in organic solvent solutions. These less soluble por- 
tions create dullness and haze in the otherwise clear 
acetate yarns or moldings. In some cases minerals 
present also contribute to haze. 

Another effect apparently due to residual hemicel- 
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lulose is a tendency for the viscosity of acetate solutio is 
to be higher than they properly should be. This mak»s 
difficulties in handling the solution. The viscosi:y 
effect seems to be most closely related to the amount of 
mannan hemicellulose retained by the cellulose (1/, /.’). 

Nearly all photographic films are now made from 
cellulose acetate or butyrate, and the film industry hs 
a specially critical requirement. The cellulose mist 
be free from any impurity which would be photogray)h- 
ically active and cause spots in the emulsions mounted 
on the film. 

Thus cellulose for acetate filaments, films, and clear 
molding compounds must be free from mineral eon- 
taminants, lignin, and hemicelluloses, especially those 
containing mannose, and it must have a high initial 
DP and high brightness. To produce wood cellulose of 
this quality requires careful cooking of the unbleached 
pulp, and specially adjusted conditions in the alkaline 
refining step (13, 14). Chlorine dioxide is often used 
for the later bleachings to give very high brightness 
while retaining a high DP. With such procedures 
the total hemicelluloses can be reduced to a very few 
per cent. There are some exceptions to these require- 
ments. Obviously, if the product is to be a rug yarn, 
or a colored utility molding, haze and trace color are 
not significant. And, for thermoplastic molding ap- 
plications, viscosity effects are much less important. 
For these purposes more economical pulp grades, such 
as those made for rayon tire cord, can be used. 

However, even the purest cellulose can be made less 
reactive toward the acetate process, with resulting haze 
and filtration difficulty (10), if it is not properly dried. 
Low drying temperatures are advisable, and some- 
times surfactants are added to overcome this effect. 
The sheets must also be kept soft to permit easy and 
rapid dispersal in the reaction mixture. 


CELLULOSE NITRATE PROCESS 


Cellulose nitrate is, like the acetate, an ester of an 
acid with the cellulose. Unlike the acetate, nitrate is 
normally produced and often used in the original fibrous 
form, without being put into solution at all. 

Early experiments on nitration of wood cellulose were 
not very successful, and the product was made from cot- 
ton for many years. The trouble was found to be 
with the pentosans in wood pulp. If nitrating acids 
of high water content were used, the pentosans were 
hydrolyzed but not nitrated, and the residues were 
insoluble in nitrate solvents. With concentrated acids 
the pentosans were nitrated to soluble products, }ut 
these were unstable and gave brittle films (15). 

During the Second World War the demand for «x- 
plosive nitrate forced development of satisfactory wood 
cellulose grades. By using a hot alkaline refining 
stage after the chlorination, the pentosan content ww: 
reduced to a tolerable level. The pulp sheets must ::/so 
be uniform, absorptive to the acids, and not too dei-e. 
Sulfite pulps have been used in the past, but some kr:ft 
pulps are now also acceptable. 


CHEMICAL CELLULOSES FOR PAPER 


Pulps having the high purity of chemical cellu! :¢ 
are also needed for some uses as fiber. Chief amg 
these are photographic papers and plastic filling or 
impregnating pulps. 
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Photographic papers must have high strength, 
both wet and dry, dimensional stability, permanence, 
and especially freedom from those impurities which 
damage the photographic emulsion. Well purified 
chemical cellulose meets these needs suitably. 

Plastic filling pulps are used in pulverized form in 
such products as melamine dishware and refrigerator 
lining panels. They must be very bright and above all 
free from a tendency to turn yellow on heating. Since 
lig:in and hemicelluloses contribute to such darkening, 
highly purified and thoroughly washed cellulose is 
needed. For other purposes such as electrical in- 
sulitors, a paper is made and impregnated with resin. 
Here strength, absorbency, and freedom from ionic 
materials are important. And other industries have 
yet other combinations of requirements. 


CHEMICAL CELLULOSE FROM COTTON 


Cotton as a cellulose source has been mentioned 
several times in this discussion. As Figure 5 shows 


ly 


CELLULOSE CONSUMPTION BY THE 
U. S. RAYON + ACETATE INDUSTRY 


Use of Wood Cellulose and Cotton Linters for Rayon and 
Cellulose Acetate 


(16) for the past 25 years, linters have always furnished 
a part of the raw material. Since 1932, however, the 
proportion of the supply coming from linters has dropped 
from near 50% to about 15%. This shift has had 
three causes: quality, price, and availability. 

While cotton linters are easily purified to 99% 
alpha cellulose, and have high DP, these are not the 
most desirable characteristics for all uses. Wood 
cellulose is superior for some purposes, such as cello- 
phane, and is at the least competitive on quality when- 
ever it can be converted by an economical process to a 
satisfactory finished product. Development of the 
wood celluloses has brought improved materials to 
make desired products economically and practically. 

Prices and availability of linters are highly variable. 
The linter is a secondary product, dependent first on 
the production of fiber cotton and next on cottonseed 
milling for oil.. Weather, the.cotton and food markets, 
and the complex politics of government farm controls 
all tl.erefore affect linters supply and price. 

Wood pulp prices, on the other hand, have changed 
little and only gradually through several years, and are 
normally lower than linters for most pulp grades. 
Supplies of wood pulps, being independent of other 
materials, have grown as needed to meet the demand of 
this large industry. 
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CONCLUSION 


It is evident from the foregoing requirements for 
various derivatives that a large number of different 
grades of chemical cellulose are needed. A summary 
of alpha and DP requirements of the various processes 
described is given in the table. The major manu- 
facturer of chemical celluloses in North America has 
well over 20 distinct cellulose grades, each made by a 
specified procedure to standard results. Other pro- 
ducers in the industry also make numerous different 
pulp grades. 


Summary of Cellulose Requirements for Derivative 
Processes 


Viscose process products 

Cellophane 

Textile rayon 

Staple fiber rayon 

Tire cord rayon 

Super high tenacity rayon 
Cuprammonium rayon 
Cellulose ethers 
Cellulose acetate 

Clear and textile 

Colored and bulk 
Cellulose nitrate 


Maintenance of uniform processes and results re- 
quires close control. From the composition of the raw 
water and selection of the logs to the weight, moisture, 
and density of the finished package of pulp, every step 
must be specified, and frequent tests made to hold the 
specification. As each jumbo roll of 3to 10 tons comes off 
the pulp drying machine, it is sampled, then stored until 
the sample is analyzed to ascertain that the pulp meets 
specifications (Figure 6). Acceptable rolls are then 
chosen and cut in groups (2, 8) to blend further their 
minor differences, so that analytical uniformity is 
maintained in each lot of pulp shipped to customers. 

It must be evident that the industries based on the 
processes described here are highly technical in all 
their phases. All of them, from cellulose manufacturer 
to the user of completed rayon or acetate products, 


Figure 6. Chemical Cellulose, in Rolls of Dry Sheet, in Storage Pend- 
ing Analysis and Selection for Cutting 
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eee 
Alpha DP 
88-91 600-700 
93 900-1000 
93-95 700 
95-96 1000-1400 
96-97 1400-1600 
95 1500 
“A 96 1500 
95 700-1000 
= 93 1300 
4 
j 
Figure 5. 
| ¥ | | | 


carry on extensive research to improve the processes 
and products. They therefore offer excellent oppor- 
tunities to students interested in a varied and dynamic 
field of study. 


LITERATURE CITED 


(1) Ricutsr, G. A., Tappi, 38, 129-50 (1955). 

(2) WatkeEr, F., Paper Trade J., 139, No. 17, 22-26 (April 25, 
1955). 

(3) Mors, J. W., Paper presented at Third Symposium on Vis- 
cose Technical Questions, Swedish Forest Products Re- 
search Laboratory, 1956. 

(4) Haas, H., E. Batrrenserc, anp D. Teves, Tappi, 35, 
116-24 (1952). 

(5) GouBeEn, M., Tappi, 38, 507-12 (1955). 

(6) Bacuuort, D. D., I. K. W. D. Wurrts, Tappi, 
38, 503-07 (1955). 


(7) Beaupry, J. P., Pulp and Paper Mag. Canada, 57, No. 8, 
109-112 (July, 1956). 
(8) MircueE t, R. L., Ind. Eng. Chem., 47, 2370-73 (1955). 
(9) AnpErRson, A. W., anp R. W. SwineHart, Tappi, 39, 548- 
53 (1956). 
(10) Ricuter, Georce A., Tappi, 40, 429-441 (1957). 
(11) Sremnmann, H. W., anv B. B. Wuirte, Tappi, 37, 225-32 
(1954). 
(12) Watson, J. K., anp D. R. HenpERson, Tappi, 40, 686-90 
(1957). 
(13) Prorrirr, J. R., H. M. Granam, E. R. Purcwase, axp 
R. C. Buume, Tappi, 37, 28-32 (1954). 
(14) Boren, K., Tappi, 36, 284-88 (1953). 
(15) Mixes, Frank D., “Cellulose Nitrate,” Interscience Pub- 
lishers, Inc., 1955, pp. 5-7. 
(16) Textile Organon, 28, 39 (1957). 
(17) Hamitton, J. K., E. V. Parrtow, anp N. S. THompsoy, 
unpublished work in press. 


THE UTILIZATION OF THE 
NONCARBOHYDRATES IN PULPING 
SPENT LIQUORS' 


Oxs of the most challenging problems facing the 
pulp and paper industry today is the utilization of its 
pulping spent liquors. While this problem is by no 
means solved, sufficient progress has been made to give 
an inkling of the tremendous potential which is waiting 
to be tapped. A major break-through in the utiliza- 
tion of pulping spent liquors could well start a new, 
large type of chemical operations having profound 
effects on the paper industry and the industry in the 
United States at large. 

Of the 22,000,000 tons of wood pulp produced in the 
United States during 1956, about 12,000,000 tons were 
manufactured by the sulfate or kraft process and 
2,800,000 tons by the sulfite process (1) These two 
processes represent the largest source of pulping spent 
liquors. An additional approximately half-million 
tons of soda pulp were also produced and represent an 
additional small source of pulping spent liquors. 
The remainder of the pulp production was either in 
groundwood or miscellaneous processes which produce 
spent liquors of very low solids and are normally 
discarded. 

In the kraft, soda, or sulfite process a little less than 
half of the wood used becomes pulp. The remaining 
wood is dissolved in the pulping spent liquor. Thus; 


1 Presented as part of the Symposium on Wood as a Chemical 


Raw Material before the Divisions of Chemical Education and 
Cellulose Chemistry at the 133rd Meeting of the American 
Chemical Society, San Francisco, April, 1958. 


W. M. HEARON 
Chemical Products Division, Crown Zellerbach 
Corporation, Camas, Washington 


the amount of material in these liquors is roughly equal 
to the amount of pulp produced. 

Perhaps a brief review of the principal pulping 
operations will help in understanding the probiems 
concerned with the utilization of the spent pulping 
liquors. 


CHEMICAL PULPING PROCESSES 


Historically, the first chemical pulping process is 
the sulfite. A mixture of sulfurous acid and a metal 
bisulfite is used as the pulping chemicals. Wood chips 
are treated with a mixture of these chemicals in solution 
for many hours at about 135°C. during which time the 
lignin is dissolved as lignin sulfonic acid and is neutral- 
ized by the metal ion present. Simultaneously, some 
of the carbohydrates are hydrolyzed and dissolved as 
simple sugars. The residue of wood consists mailily 
of cellulose fibers which are separated as pulp. ‘The 
liquid that is drained off the pulp, containing princip:\|ly 
the lignin sulfonic acids as a metal salt, the sug:rs, 
and free sulfurous acid, constitutes the spent pulping 
liquor. The majority of sulfite operations use calciim 
as the metal ion. There are, however, other operatios 
using ammonium as the cation and a few which ue 
magnesium. Table 1 gives a typical analysis of 
calcium base sulfite spent liquor (2). 

In the kraft operations, the cooking liquor cons'-ts 
of a solution of sodium hydroxide and sodium sulfile. 
These chemicals are able to dissolve the lignin a~ 4 
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7, No. 8, TABLE 1 
5) Typical Analysis of Calcium Base Sulfite Spent Liquor 
30, 548- (Grams per liter) 


Total solids 114.8 
Residue on ignition (as sulfates) 16.35 


2 
Loosely combined SO, 
Sulfone sulfur, as SO, 
Methyl alcohol 
Ethyl alcohol 
Acetone 
Furfural 
Lignin 
Total sugars 
Pentoses 
Hexoses 


Formic acid 0 
» 225-32 acid 4 
cium as Ca 6 
}, 686-10 Total SasS 10. 
Sulfate as SO; 
\SE, AND Free SO. 3. 
5. 


nee Pub- 
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Source: A. M. Parransky Anp H. K. Benson, Paper Trade J., 
102, No. 7, 81-7 (1936). 


phenolic substance leaving the cellulosic pulp. Simul- 
taneously, with the solution of the lignin a substantial 
amount of the carbohydrates is degraded into sac- 
charinic acids or similar substances. Kraft spent 
liquor, called black liquor, then contains lignin as a 
phenolic sodium salt and various degraded carbohy- 
drates as well as inorganic chemicals. Table 2 gives a 
typical analysis of kraft spent liquors (3). 


TABLE 2 
Typical Analysis of Kraft Black Liquor 


% of total organics Q% of total solids 
33.6 


h Inorganic salts : 
material 66.4 
ats and resins 5.9 
Lignin 47.4 
Oxyacids 34.7 
Acetic acid Trace 
Volatiles 12.0 


Source: F J. Crnves, Paper Trade J., 91, No. 19, 200-2 (1930). 
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The black liquor is recovered by washing the pulp 
and is concentrated to around 65% solids and burned in 
aspecial-type furnace. The heat produced is recovered 
as steam for the pulping operations and the inorganic 
salts form a smelt which is redissolved and treated with 
lime to produce new cooking liquor. Therefore, in the 
kraft operations the black liquor is utilized to produce 
heat and to regenerate the cooking chemicals. 

The soda process is similar to the kraft except that 
no sodium sulfite is used. The black liquor is recovered 


sugill's, 
ving from the pulp, concentrated, burned, and causticized 
aleiuim to produce fresh cooking liquor. Again, the inorganic 


chemicals ure utilized and the organic materials are 


rations 
burned to produce heat. 


ich use 
ysis of SPENT LIQUOR UTILIZATION PROBLEMS 
onsists 
sulficle. 
Nn as a 


There are several problems connected with the 
utilization of any pulping spent liquors. First, the 
liquor is at a relatively low concentration of solids; 
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therefore, considerable work must be put into the 
liquors before they are in a usable form. Second, 
the pulping operations are carried out under relatively 
vigorous conditions so that many reactions occur and 
the resulting liquors contain a wide variety of chemicals 
which are difficult to separate. Third, the structure 
of most of these chemicals is unknown. For example 
the structure of lignin is still undetermined despite 
almost a hundred years of effort to solve this problem. 
Also, the structure of many of the carbohydrate 
degradation products is obscure. Fourth, the most 
reactive centers in the chemicals in the spent liquors 
have already been reacted upon during the pulping 
operation. This makes it difficult to carry out further 
reactions on the chemicals which might lead to new 
compounds. 

We should perhaps differentiate between utiliza- 
tion of pulping spent liquors and disposal of them. 
The kraft and soda black liquors are utilized, in a 
sense, as mentioned above, by the recovery of heat 
and inorganic chemicals. This utilization, however, 
is of a rather low order, and potentially a utilization 
of the alkaline liquors to produce organic chemicals for 
sale should result in a better return. 

Most of the sulfite waste liquor is still put into the 
sewer and has no utilization at all. A small part is 
converted into chemicals for sale and this will be 
discussed later. There is, however, a great deal of 
effort being put into disposal methods for sulfite 
waste liquor since the liquor presents a contamination 
problem in the water-ways in which it is discharged. 
These disposal processes are of diverse types. Some 
of the disposal systems do produce byproducts for 
sale, thus combining a disposal system with some 
utilization. Other disposal systems are designed to 
burn the sulfite spent liquor and recover part of the 
value in the form of heat. Still other disposal systems 
have no utilization whatsoever, but are merely means 
to get rid of the liquor in such a fashion that it will 
not cause a pollution problem. Ideally, a utilization 
process for sulfite spent liquor would eliminate its 
contamination of streams and at the same time produce 
chemicals which could be sold profitably. Such a 
solution, which can be applied universally, however, 
has not been reached. What products have been 
produced from sulfite spent liquor have not found a 
sufficient market to allow the entire sulfite pulping 
industry to produce them. 


CHEMICALS PRODUCED 


Now let us look at the processes which are being 
used for the utilization of pulping spent liquors. 
Two approaches have been tried. The first and most 
common one is to produce some mixture of unknown 
composition, or relatively unknown composition, which 
has utility and can be sold. The second approach is 
to produce directly from the spent pulping liquors a 
pure organic chemical. This is a much more difficult 
job but has the advantage of giving a product for sale 
whose chemical and physical properties can be deter- 
mined or predicted based on classical organic chemistry. 

Tall Oil. One product coming from kraft black liquor 
which has become a resounding success is tall oil. 
This material started out as a waste item and has now 
become a product in high demand. 
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Tall oi) consists of the resinous parts of the wood. 
Its production, therefore, is a function of the type of 
wood used in pulping and practically all of the tall oil 
installations are in the southeastern part of the United 
States where pine is the principal pulp wood. During 
the concentration of the black liquor, a soap-like scum 
is formed which is collected from settling basins. 
These so-called skimmings are actually the sodium 
salt of a number of organic compounds. The skim- 
mings are treated with sulfuric acid to liberate the 
free acidic materials which constitute tall oil. The 
tall oil consists principally of rosin, long-chain fatty 
acids, and sterols. In some cases the pulp mill collects 
only the skimmings and sells them to a processor while 
in other cases the pulp mill produces the crude tall 
oil and may even have a purification unit for the tall 
oil. Interestingly enough, the rosin finds its way back 
to the paper mill as a sizing agent. The tall oil, 
as such, finds some uses, for example as a reagent in 
the beneficiation of ores, but a great deal of it is separated 
into its components and the rosin and fatty acids are 
used for a variety of purposes. In 1956 about 297,900 
tons of crude tall were produced (4). 

The crude tall oil sells for about $50 per ton; there- 
fore, this represents a $15,000,000 per year industry. 

Turpentine. While the collection of sulfate turpen- 
tine does not represent a true utilization of pulping 
spent liquors, it is almost always obtained concurrently 
with tall oil. The turpentine constituents occur 
principally in pine wood. In the southern kraft mills 


the vapor. relief.from the digesters is run through large: 


surface condensers and the turpentine along with 
considerable water is collected. The crude turpentine 
is then skimmed from the water and sold to chemical 
manufacturers who either purify it for solvent purposes 
or separate it into its terpene constituents for further 
chemical utilization. During 1956, 15,300,000 gallons 
of sulfate turpentine were produced (4). The crude 
turpentine sells for about 29¢ per gallon so that this 
represents nearly a $5,000,000 per year industry. 

Absorbent Charcoals. Another profitable utilization 
of kraft spent liquors is the production of decolorizing 
charcoal. One large pulp and paper manufacturer 
has been producing such charcoal for many years and 
has sold it under the trade name of Nuchar. The 
charcoal is produced by a controlled pyrolysis of the 
total black liquor solids (5). It is one of the most 
effective of the absorbent charcoals available. 

Lignin. The same pulp and paper company has 
also produced lignin from kraft spent liquors and sold 
it under the trade name of Indulin. This product 
finds a wide variety of uses, principally as a dispersing 
agent (6), reinforcing agent for rubber (7), and as an 
ingredient and extender for resins (8). Recently, 
the company has produced a new line of dispersing 
agents under the trade name of Polyfon (9) which are 
prepared by sulfonating the kraft lignin to give a 
lignin sulfonic acid. The total utilization of kraft spent 
liquors including charcoal and lignin production has 
been reported as grossing $7,000,000 per year. 

The soda process produces a lignin which is somewhat 
similar to that of the kraft operations. One paper 
company for many years isolated some of its soda 
lignin and sold it under the trade name of Meadol. 
Recently, however, this product has been withdrawn 


from the market apparently due to the lack of sut- 
ficiently large outlets. 

Dimethyl Sulfide. An entirely different utilizatio 
of kraft spent liquors is the production of dimethy|! 
sulfide. One large pulp and paper company about . 
year ago announced the availability in commerci:.| 
quantities of this pure organic chemical made from krait 
lignin. The dimethyl sulfide is produced by heating 
kraft black liquor with an excess of sulfide sulfur (/0.. 
The first reaction involves the splitting off of methoxy! 
groups to form methyl mercaptan which reacts with 
additional methoxyl groups to form dimethyl sulfide. 
The yield of dimethyl sulfide is approximately 2.5% of 
the kraft spent liquor solids. Thus a 100 ton per day 
kraft mill could produce over 3,000,000 pounds per 
year of dimethyl sulfide. The entire kraft industry 
in the United States could produce about 350,000 tons 
of this material. 

The dimethyl sulfide production is still in its infancy 

but already this material is finding use as an ingredient 
in odorant formulations for natural and artificial gas, 
as an odor intensifier in perfumes, as an ingredient in 
counterodorant formulations, and as a raw material 
for further synthesis. Dimethyl sulfide represents a 
chemurgic product which can be produced basically at 
less cost than by synthetic means. 
' Mercaptans. As stated above, the dimethyl sulfide 
process produces methyl mercaptan as an intermediate. 
This material can be isolated and by changing the 
conditions of the process it is possible to obtain methy! 
mereaptan as the predominant product. Therefore, 
this process is capable of producing two materials 
and they in turn open up possibilities for producing a 
wide variety of additional sulfur compounds. Already, 
this pulp and paper company has advertised availa- 
bility of dimethyl disulfide and dimethyl sulfone in 
sample quantities. 

While the present largest market for methyl mer- 
captan is as an ingredient in making methianine for 
animal feeds, other markets are expected to develop. 
One of these is for the production of a new type of 
rubber having unusual heat-, chemical-, and oxidation- 
resistant properties (//). 

Considerably more effort has been spent on the 
utilization of sulfite pulping liquors since these repre- 
sent a stream pollution problem. There have becn 
some 2000 patents issued on the utilization of sulfite 
spent liquor but unfortunately few of these have 
proved to be of practical use. Nevertheless, a number 
of utilization processes are now in operation. 

Lignin Sulfonic Acids. Several pulp and paper 
companies are putting out products which are essen''- 
ally their sulfite spent liquor concentrated and spr: v 
dried. Some of them have further modified their 
sulfite spent liquor products for specific applicatio:~. 
In some cases, the products have been purified ‘ 
remove the sugars present leaving only the lign 
sulfonic acids. All of these products are sold princip::..v 
as binders or as dispersing agents. As binders, t! . 
find use in the manufacture of ceramic articles (/- . 
linoleum paste (13), and foundry cores (/4), and = 
pelletizing and briquetting materials (15). Consid: 
able quantities of sulfite waste liquor products :'° 
also used as binders to control dust on roadw:.'s 
(16). As dispersing agents, they are used in () 
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manufacture of rewettable insecticide powders (17), 
a:phalt emulsions (1/8), gypsum wallboard (19), 
industrial cleaning compounds (20), carbon black 
dispersions (21), oil well drilling muds (22), concrete 
(23), and as ore flotation reagents (24). According to 
the 1956 Tariff Commission report, there are about 
69,000 tons of such products sold each year valued 
at $5,053,000. 

Vanillin. One of the chemical uses for lignin 
sulfonic acid occurring in sulfite spent liquor is as a 
raw material for producing vanillin. Essentially all 
of the vanillin produced in the United States, amounting 
to about 1,500,000 pounds per year, is made from the 
alkaline degradation of lignin sulfonic acid. Vanillin 
is the only pure organic chemical being produced com- 
mercially from sulfite spent liquor. 

Sugars. The sugars in sulfite spent liquor represent 
a raw material for making other products. In the 
United States there is one plant producing ethyl 
alcohol at the rate of about 10,000 gallons per day by 
the fermentation of sulfite spent liquor. This plant 
was built during World War II to increase the then 
short supply of alcohol. Under peace-time conditions, 
however, paper companies have not felt the economics 
sufficiently attractive to build similar plants. 

Another process for the utilization of sugars is the 
manufacture of yeast. Two paper mills in the Mid- 
west are currently producing yeast which is being sold 
mainly as an ingredient in animal feeds. The yeast 
sells at around 10¢ per pound and represents an 
industry which may gross over a million dollars a 
year. 

The lignin sulfonic acid residues from the above 
fermentation processes are also being sold as dispersing 
agents for a variety of uses. They are particularly 
effective for applications where the presence of sugars 
is deleterious, such as concrete and oil-well drilling mud. 

Metal Complexing Agents. One property of sulfite 
spent liquor which has not been exploited until recently 
is its ability to complex metals. Metals such as iron, 
zine, copper, nickel, tin, cobalt, silver, and manganese 
are readily complexed by sulfite spent liquor. One 
paper company is now marketing a complex made 
with iron under the trade name of Greenz (26). 
This product is being sold as an agricultural spray to 
combat iron deficiency in plants. Another paper 
company is selling a complex of iron and chromium 
with sulfite spent liquor under the trade name of 
Q-Broxin as an additive to oil-well drilling mud. 
This additive seems to be particularly effective in the 
high lime muds found in the Gulf region. 


POSSIBLE NEW DEVELOPMENTS 


While the above products represent commercial 
utilization of sulfite spent liquor, there are several 
Interesting developments which could lead to new 
con mercial products. 

During the pulping of western hemlock wood by 
the sulfite process, a minor wood extractive called 
con\lendrin is dissolved in the sulfite spent liquor. 
Thi- material can be readily removed from the sulfite 
speiit liquor by a simple precipitation process (26). 
Conidendrin is a complex phenol which might well 
have use as a modifier for phenolic type resins. It 
also is a raw material for producing a powerful rubber 
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antioxidant, called conidendrol (27). Although 
conidendrin is only a minor constituent in the wood, 
nevertheless a 400 ton per day sulfite mill could produce 
about 2 tons per day of conidendrin. 


Conidendrol 


Another process which has been worked on recently 
is the isolation of pure crystalline sugars from spent 
sulfite liquor (28). The solids from spruce wood 
spent sulfite liquor were treated with acetone and acid 
to produce the isopropylidene derivatives. From 
these, pure D-mannose, pD-xylose, L-arabinose, and 
p-galactose were isolated. This process could be the 
basis for a practical method to produce at least mannose 
which is the predominant sugar in sulfite spent liquor. 
One possible market for these pure sugars would be 
for reduction to the corresponding alcohols which 
have found wide use as humectants and plasticizers. 

Recently work has been reported on the isolation 
of pure saccharinic acids from kraft black liquor (29). 
Some seven different saccharinic acids were identified 
by paper chromatography and two of them, alpha- 
p-isosaccharinic acid and beta-p-glucometasaccharinic 
acid, were isolated as their anilides by fractionation 
on a cellulose column. While this work is definitely 
of a preliminary nature it is possible that it could lead 
to a process for obtaining some of these acids by a 
commercial process. There are no known markets 
for the saccharinic acids but they might find use as 
humectants or raw materials for the manufacture of 
pharmaceuticals and other fine chemicals. 

While the uses to date for the spent pulping liquors 
have resulted in only a limited utilization of the tre- 
mendous volume of liquors available, nevertheless 
the work shows that some profitable utilization is 
possible. It is almost certain that new uses will be 
found for sulfite spent liquor and for some of the 
components in it. In addition, there is no question 
but that lignin occurring in either kraft or sulfite spent 
liquors represents an abundant source of raw material 
which is continually being replenished. Should a 
way be found to break down lignin to simple aromatic 
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chemicals, a vast new area in the chemical industry 
would be created. It is the possible achievement of 
this goal which makes it mandatory that research 
should continue on the utilization of spent pulping 
liquors. 
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LIGNIN AS A RAW MATERIAL FOR THE 
PRODUCTION OF PURE CHEMICALS’ 


Every year in the United States alone, approximately 
three million tons of sulfite pulp are produced. For 
every ton of pulp produced, there is wasted or dis- 
carded one ton of spent sulfite liquor solids, representing 
almost half of the original wood. Approximately 50% 
of the spent liquor solids is lignin, and thus, every year 
approximately one and one-half million tons of lignin 
are discarded by the sulfite mills in the United States. 
This enormous quantity of wasted lignin offers a 
chemical raw material which potentially can rival 
coal tar and petroleum as a source of synthetic organic 
chemicals. Use of lignin for such a purpose is in line 
with the increased necessity of conserving our dwindling 
supply of remaining natural resources and with the 
axiom that we should employ raw materials which are 
constantly being replenished by nature, rather than 
those slowly accumulated over geologic ages. 


1 Presented as part of the Symposium on Wood as a Chemical 
Raw Material before the Divisions of Chemical Education and 
Cellulose Chemistry at the 133rd Meeting of the American 
Chemical Society, San Francisco, April, 1958. 
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VANILLIN FROM SPENT SULFITE LIQUOR 


Since the turn of the century it was known that 


CH;0 
HO C—H 
Vanillin 
vanillin could be produced in small yield dy the alk: line 
treatment of coniferous spent sulfite liquor lignin. ut 
it was not until 1937 that advantage was take of 
this knowledge. Previous to that time, the need for 
concentrating large volumes of dilute liquors, ‘he 
costly alkali consumption of the carbohydrate frac‘ ion 
of spent sulfite liquor, and the technical difficu'ties 
involved in the extraction of small amounts of vai illin 
from acidified reaction mixtures made the provess 
commercially unfeasible. 
These difficulties were obviated by the Mara’ on- 
Howard processes (1, 2). In accordance with Howard 
(1) the dilute sulfite spent liquor is fractionally pre- 
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cipitated with caustic lime, and the lignin is isolated as 
basic calcium lignosulfonate free from nonlignin 
materials. This carbohydrate-free lignosulfonate is 
digested under pressure at 160° with a strong caustic 
soda solution, thus transforming a part (2% to 3% on 
the lignin basis) of the lignin to vanillin. The latter, 
as its sodium salt, is extracted directly from the alkaline 
reaction mixture by means of n-butanol (2). The 
butanol extract containing the sodium salt of vanillin, 
together with minor amounts of the sodium salts of 
other phenolic materials, is distilled to recover the 
butanol. The final traces of butanol are removed by 
azeotropic distillation with water. The residual water 
solution of the sodium salts is acidified with sulfur 
dioxide. This precipitates the undesirable nonalde- 
hydic phenolic materials (essentially crude aceto- 
yanillone) and leaves in solution the vanillin as its 


CH;O 
HO¢ = >C—CH; 
|| 


Acetovanillone 


sodium bisulfite addition product. The mixture is 
filtered, and the filtrate is further acidified with sulfuric 
acid to liberate the vanillin from its addition compound. 
After sulfur dioxide is expelled, the crude vanillin 
which separates is filtered and purified by distillation 
under reduced pressure followed by recrystallization 
from water. The vanillin thus obtained is chemically 
pure. 


COMMERCIAL PRODUCTION OF VANILLIN 


In 1937, the Salvo Chemical Corporation began the 
commercial manufacture of vanillin by the above 
process in its plant erected at Rothschild, Wisconsin, 
adjacent to the Marathon Corporation’s sulfite pulp 
mill. Salvo’s lignin-derived vanillin succeeded in 
reducing the market price of vanillin, and it was not 
long before this plant was supplying approximately 
40% of the vanillin requirements of the United States. 
The raw material available to the Salvo plant from the 
Marathon mill at Rothschild alone was sufficient to 
meet the vanillin requirements of the entire world. 
It should be pointed out that the low yield of 2% to 3% 
vanillin on the lignin basis was not due entirely to 
inadequacies of the process. Inasmuch as the caustic 
soda was the raw material of greatest cost to the 
manufacturers, the reaction conditions were modified to 
give the highest yield on the caustic soda basis rather 
than on the lignin basis. During the past ten years, 
the commercial operation at Rothschild has been 
modified by introducing gaseous oxygen under pressure 
into the lignosulfonate-alkaline reaction mixture, 
thereby increasing the yield of vanillin (3). The ace- 
tovanillone which is produced as a byproduct of the 
vanillin operation at Rothschild inan amount equivalent 
to one-tenth of the vanillin produced is a potentially 
valuuble fine organic chemical. 

An entirely different process developed by Hibbert 
and Tomlinson (4) for the production of vanillin from 
spent sulfite liquor was placed in operation at about 
the same time by Howard Smith Chemicals, Ltd., at 
the sulfite pulp mill in Cornwall, Ontario. In this 
process, the whole spent sulfite liquor is first concen- 
trated and treated with a large excess of caustic soda 


VOLUME 35, NO. 10, OCTOBER, 1958 


at elevated temperature and pressure. The alkaline 
reaction mixture is acidified with carbon dioxide from 
stack gases and the solids are removed. The clarified 
liquor is then extracted countercurrently with benzene 
to yield crude vanillin, and the vanillin is purified in a 
manner similar to that employed by Salvo. This 
more costly process was possible because the soda in 
the vanillin-free liquor could be regenerated by in- 
cineration and causticization in the adjacent kraft 
mill recovery system with incidental recovery of steam. 
For many years, the Howard Smith vanillin plant 
supplied most of Canada’s vanillin requirements, and 
shipped substantial amounts to the British Common- 
wealth. 

The production of the fine chemical, vanillin, from 
spent sulfite liquor was certainly an important step 
along the long road of chemical production from waste 
lignin of our pulping operations. Unfortunately, 
flavoring vanillin requirements are so small that the 
amount of spent sulfite liquor or purified lignosulfonate 
utilized in its production represented only a negligible 
percentage of available raw material. 


VANILLIN DERIVATIVES 


Realizing that a study of the chemistry of vanillin 
and its derivatives, with the subsequent development 
of new chemical uses for vanillin, would stimulate 
chemical industry and result in wider utilization of 
waste coniferous lignin, such a project was initiated a 
number of years ago in the author’s laboratory at The 
Institute of Paper Chemistry. This fundamental 
research program was sponsored by the Sulphite Pulp 
Manufacturers’ Research League. 

Processes were evolved for the simple conversion of 
vanillin to its derived acid, vanillic acid, which hereto- 
fore had been a laboratory curiosity (5). In addition, 
the oxidation of coniferous lignin directly to vanillic 
acid was achieved in relatively high yields (5, 6). 
Many new esters, amides, ethers, and other derivatives 
of vanillic acid were prepared and tested for a variety of 
uses (5, 7). For example, ethyl vanillate was found 
to be less toxic than sodium benzoate toward humans, 
but very toxic to specific micro-organisms. As such, it 
found usefulness as a preservative in foodstuffs and in 
the treatment of human diseases. At present, it is 
manufactured commercially for the specific treatment 
of the progressive disseminated form of the two mycotic 
diseases, histoplasmosis and coccidioidomycosis 
(Valley Fever) (8). Similarly, in Europe the diethyl- 
amide of vanillic acid has found widespread use as an 
analeptic agent for the control of respiration and blood 
pressure (1/0). The ultraviolet absorption character- 
istics of ethyl vanillate make it useful in sunburn 
preventatives, and its specific antimycotic properties 
indicate its use for topical treatment of skin fungus 
infections (9). 
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The possibility of plentiful vanillic acid from lignin 
led other investigators to explore its use in other 
markets. One recent development from the labo- 
ratories of Rayonier Inc., of Shelton, Washington, has 
been the preparation of polyesters from hydroxyalkyl 
ethers of vanillic acid (11). In accordance with this 
process, vanillic acid is obtained by oxidation of 
vanillin or directly from lignosulfonates (6). The 
vanillic acid is etherified with ethylene oxide to give the 
hydroxyethyl! ether of vanillic acid, which in turn may 
be esterified to its methyl ester. Condensation of the 
hydroxyethyl ether of vanillic acid or its methyl 
ester by means of heat and catalyst yields a linear 
polyester that can be extruded in the form of fibers or 
filaments, can be molded in a press, or cast from a melt. 
The Objects so formed are similar to those polyesters 
prepared from terephthalic acid, and are charac- 
terized by being colorless, high melting, and resistant 
to the ordinary organic solvents. 

In 1956 it was reported that this process was placed 
in pilot-plant operation by Japan’s Kokoku Rayon and 
Pulp Company on Kyushu. This plant produced a 
polyester fiber that was more elastic than wool, but 
less elastic than nylon, heavier and harder than nylon, 
and lighter than cotton. It was hoped that the fiber 
would be offered commercially by mid-1957 (12). 
Another similar product has recently been reported 
(13) from protocatechuic acid, which is also prepared 
from lignin vanillin (6). 
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Vanillin has been converted into hundreds of related 
compounds, and many of these have been evaluated 
for a variety of end uses. Electrolytic reduction of 
vanillin yields hydrovanilloin which in turn is oxidized 
by a novel acid copper procedure to yield vanillil (74). 
Vanillil can be reduced to any of its possible monomo- 
lecular and many of its bimolecular reduction products, 
which themselves, may be starting materials for fine 
organic chemicals with guaiacyl nuclei. The guaiacyl 
analogues of the estrogenic compounds, diethylstil- 
bestrol, hexestrol, and dienestrol, have been synthesized 
and may be indicated for use as estrogenic materials 
or as cattle growth stimulants (74). 


OTHER LIGNIN OXIDATION PRODUCTS 


Until about 1940, it was a generally accepted fact 


among lignin chemists that only in the form of its 


sulfonate would lignin yield vanillin upon alkaline 
hydrolysis or mild oxidative treatment (16). This w:s 
true even though in 1929 Pauly and Feuerstein (1°) 
disclosed the formation of vanillin by oxidation of 
lignin in all its forms. The earlier work of Pauly aid 
Feuerstein took on new significance when Schulz (/:) 
and Freudenberg, Lautsch, and Engler (19) demoi- 
strated that yields of vanillin up to 25% on the lignin 
basis could be obtained by mild oxidation of lignin 
materials with nitrobenzene and alkali under pressu:e. 
These investigators found that not only lignosulio- 
nates, but all lignin preparations and even wood flour 
were amenable to this reaction. In addition to being 
of technical importance for the production of vanillin, 
this discovery was a valuable contribution to our 
scientific knowledge of lignin composition and strength- 
ened the early hypothesis of Klason (20) that lignin 
was essentially a condensation polymer of conifery| 
and hydroxyconiferyl alcohols. The alkaline nitro- 
benzene process for producing vanillin from lignin is 
thus entirely analogous to the long-known process 
for producing vanillin from the closely related iso- 
eugenol. 


CH;0 CH;0 


_>CH—CH—CH,0H CH=CH—CH, 


Conifery] alcohol Isoeugenol 


The patented nitrobenzene oxidation process of 
Schulz (78), giving high yields of vanillin from lignin 
materials, was made available to the general public in 
1942 by the Alien Property Custodian, but in addition 
to wartime restriction, two important factors pre- 
vented its commercial exploitation. In the first place, 
the process yields as a byproduct a quantity of nitro- 
benzene reduction products equal to or greater than 
the amount of vanillin produced. Thus, an economical 
commercial operation would have to be associated 
with a concurrent process resulting in aniline or some 
other marketable reduction product of nitrobenzene. 
Secondly, the flavoring vanillin field was saturated by 
the existent production. 

The high yields of vanillin obtained by alkaline 
nitrobenzene oxidation of lignin materials led to a 
search for other low potential oxidizing agents and 
oxidizing conditions for the alkaline degradation of 
lignin products. Cupric oxide was found to give high 
yields of vanillin without the formation of unwanted 
byproducts from the oxidant (2/). Silver oxide and 
alkali was found to yield vanillic acid rather than 
vanillin as the chief product of oxidation (22). In 
addition, 5-carboxyvanillic acid was produced in 
substantial amount. Oxidation of lignosulfonates w ith 
mercuric oxide and alkali yielded vanillic acid 0 5- 
hydroxymercurivanillin as the chief products of 
oxidation depending upon the method of work-up of 
the oxidation mixture (23). 
vanillin proved to have remarkable antiseptic p!\p- 
erties (24). It possesses a toxicity toward mi: '0- 
organisms comparable with such disinfectants :s 
phenylmercuric acetate, ethylmercuric phosphate, : nd 
sodium pentachlorophenate, but its toxicity tow rd 
fish is much lower. Therefore, it shows promise :- & 
slime-control agent in mills where process waters «re 
discharged into fishing streams. 
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5-Carboxyvanillic acid 5-Hydroxymercurivanillin 

Considerable attention has been given to the products 
of -ilver oxide, cupric oxide, and mercuric oxide oxida- 
tiois of lignosulfonates (25). A number of compounds 
with the guaiacyl nucleus have been isolated and 
characterized. Some of these compounds have been 
obtuined in appreciable yield. Some of these are 
vanillil, vanillovanillone, vanilloylformic acid, dehydro- 
divanillin, dehydrodivanillic acid, and 5-carboxy- 
vanillin. 


—OH 
omar 


Vanilloylformic acid sca 


CH;0; OCH CH; 


C—OH 
O O 
Dehydrodivanillic acid 
OCH; 


NEW COMMERCIAL DEVELOPMENTS 


The commercial production of vanillin from spent 
sulfite liquor lignin has received considerable attention 
since the last war. In addition to the above noted 
modification of the Salvo vanillin operation at Roths- 
child, Wisconsin, two other vanillin processes were 
placed in commercial operation on this continent. 
Both of these developments utilized carbohydrate-poor 
residual liquors from the fermentation of spent sulfite 
liquor to yield ethanol. These ethanol processes 
were initiated during the war during the period of 
alcohol shortages and have remained in operation ever 
since. 

Afi er the war, the Ontario Paper Co., Ltd., of Thorold, 
Ontario, began the production of vanillin from fer- 
mented spent sulfite liquor by a relatively low-cost 
process using lime as the active alkali in the presence of 
oxygen (26). In the beginning, the sale of Ontario vanil- 
lin was limited to the United Kingdom because of high 
United States tariff. The Canadian government, 
recogiizing the importance of finding markets for 
products from wood waste, was successful recently in 
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negotiating a 50% reduction in the United States duty 
on vanillin (27). This reduction enabled Ontario 
vanillin to compete in the United States market, and 
this competition has resulted in lowering the market 
price of vanillin in this country. The lime process 
employed at Thorold produces acetovanillone and 
vanillil as co-products of vanillin production. These 
compounds are available in pilot quantities from 
Ontario Paper Company. 

The Monsanto Chemical Company, which for many 
years had been supplying approximately one-half the 
vanillin requirements of the United States with syn- 
thetic vanillin, ceased the production of synthetic vanil- 
lin about six years ago and began the production of 
vanillin from lignosulfonates. The Monsanto plant 
at Seattle, Washington, utilizes concentrated ethanol- 
fermented spent sulfite liquor from the Puget Sound 
Pulp and Timber Company mill in Bellingham, 
Washington. The carbohydrate-poor lignosulfonate 
solution is converted to vanillin by a modified sodium 
hydroxide-oxygen process (28). The crude vanillin 
obtained in the Seattle plant is shipped to St. Louis for 
purification to flavoring-grade vanillin. This lignin- 
derived vanillin from the Seattle plant now supplies 
all of Monsanto’s vanillin markets. 


HARDWOOD LIGNOSULFONATES 


At this point, it should be noted that the discussion 
so far has been concerned with the lignin of only 
coniferous woods. Whereas the lignin of coniferous 
woods is composed of only guaiacyl groups derived 
from coniferyl alcohol and the like, the lignin of 
deciduous woods contains in addition to guaiacyl 
groups, syringyl groups derived from sinapyl alcohol 
and its related compounds. Thus, when deciduous 
wood-derived lignins or lignosulfonates are subjected 
to vanillin-yielding oxidation conditions, the vanillin 
is always accompanied by syringaldehyde. Similarly, 
vanillic acid-yielding conditions always yield syringic 
acid along with the vanillic acid. 


cHo 


HO 
CH;0 


Sinapy] alcohol Syringaldehyde 


CH;0 
HO —OH 
Syringic acid 


During the past ten years a number of sulfite mills 
in the Lake States for several reasons have ceased 
cooking spruce, balsam, and other conifers, and in 
their stead, are now cooking the two indigenous 
aspens, namely quaking aspen and bigtooth aspen. 
The spent liquor from these pulping operations is not 
satisfactory for the production of flavoring vanillin 
because the commercial vanillin operations yield 
equal or greater amounts of syringaldehyde. Although 
carbohydrate-free lignosulfonates derived from the 
sulfite cooking of aspenwood are available presently at 
the Rothschild, Wisconsin, mill of the Marathon 
Division of American Can Company and at the Green 
Bay, Wisconsin, mill of the Charmin Paper Products 
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Division of Procter and Gamble Company, their 
chemical utilization will have to await a greater 
knowledge of the chemistry of syringaldehyde and 
other syringyl compounds. A comprehensive program 
on this subject is underway in the author’s laboratory 
at the present time, and results have already been 
reported (29). Syringaldehyde has been converted 
to syringic acid which in turn was converted into 
many derivatives in a manner similar to that employed 
with the analogous vanillic acid. Similarly, syring- 
aldehyde was converted to syringil and all of the latter’s 
reduction products. Many of these syringyl deriva- 
tives are now being screened for a variety of end uses. 


on 


Para-hydroxybenzoic acid 


Para-hydroxybenzoic acid, which is probably derived 
from both the lignin and the extractives of aspenwood, 
is obtainable directly from aspen spent sulfite liquor 


(30). It is interesting to note that para-hydroxy- 
benzvie acid and syringic acid, which can be obtain:d 
by oxidation of aspen spent sulfite liquor lignin or 
syringaldehyde, because of their balanced structure, 
would probably give more desirable linear polyester 
fibers than those obtained in the above described 
vanillic acid process. 

Although at the present time all commercial proc- 
esses for the production of aromatic organic chemic:\|s 
from lignin are based on the lignin from spent sulfite 
liquor, the waste lignin from the alkaline pulping 
operations offers an additional source for fine chemic::|s. 
Experiments for several years in the author’s laboratory 
indicate that the lignins recovered from the kraft and 
soda black liquors of both coniferous and deciduous 
woods, upon oxidation, yield essentially the same prod- 
ucts that have been obtained in the past from lignosulto- 
nates from the sulfite process. With a greater interest on 
the part of the alkaline pulp industry in finding uses 
other than fuel for their waste lignin, we can look 
forward to chemical developments in that area in the 
not-too-distant future. 
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PREDICTING FAILURES IN GENERAL 


CHEMISTRY’ 


Bute a municipal institution, the University of 
Toledo has been experiencing a problem common to 
all public colleges and universities—namely, that recent 
years have increased the quantity but not the quality 
of our students. Chemistry departments of such 
universities have been disturbed by the large number of 
failures and withdrawals in the first semester of general 
chemistry, which results in considerable imbalance in 
the use of laboratory facilities and the scheduling of 
teaching loads between the first and second semesters. 
Previous reports to the Division of Chemical Education 
indicate that several institutions have met this problem 
in various ways, some by the use of television to de- 
crease the staff needed in the first semester and others 
by replacement of first semester laboratory work by 
demonstrations (1, 2, 3). 

This report concerns the handling of the problem at 
the University of Toledo in the general chemistry 
course for those students who have had one year each 
of high school algebra and chemistry. This is a four 
hour course for two semesters, designated as Chemistry 
17 and 18. 

The significant downward trend in the performance 
of students in Chemistry 17 prior to 1955 is shown by 


TABLE 1 
Summary of Chemistry 17 Grades 


NELSON W. HOVEY and ALBERTINE KROHN 
University of Toledo, Toledo, Ohio 


fail Chemistry 17, so that they could be excluded from 
the course. A study of the type made by Martin (4) 
was planned in order to select suitable criteria for the 
prediction of students who would be likely to fail. We 
realized that no method would be entirely satisfactory 
because we could not predict motivation and numerous 
other factors which cause a well qualified student to 
fail or a poorly qualified student to rise above the ex- 


pected level. Despite some errors in placement, we 


felt that much good would be accomplished if most of 
the students who would fail Chemistry 17 could be 
steered into other channels. 

This study was begun in the fall of 1954 with the 
administration of the Iowa Chemistry Aptitude Test, 
Form M, to all students enrolled in Chemistry 17. 
Those who made low scores were permitted to take 
the regular course with no restrictions. Table 2 shows 
the grade earned in Chemistry 17 by students in the 
various test score ranges. It is important to note that 
of the 18 students who scored less than 50, only 2 
passed Chemistry 17. (Only 1 of these completed 
Chemistry 18. The C grade was earned by an older 
student who had been out of school for several years.) 


TABLE 2 
Grades in Chemistry 17 Related to Iowa Aptitude Test 


Scores 


1943 1948 1949 1961 1952 1953 1954 19565° 19574 
% Aand B 
38.6 24.5 28.2 19.7 19.9 13.1 13.9 18.4 18.0 16.7 


% F and Dr 
4.0 14.4 28.9 20.9 31.1 20.1 34.9 2.0 17.2 17.5 


* The program described here has been in effect. 


Table 1. The decline in A and B grades has been ac- 
companied by a marked increase in F and Dr grades. 
While the reasons for dropping are varied, in nearly all 
cases the student was doing marginal to failing work at 
the time of withdrawal. The distribution of C and P 
grades (P is passing but below average) has remained 
fairly constant and these are not shown. 

The number of failures and drops in recent years 
would suggest that 20% to 30% of our students were 
not qualified for the course even though they met 
the existing requirements. We saw no justification 
for “‘\vatering down” the course content, nor were we 
willing to lower the standards we had set for course 
grades. What was needed was a method by which 
we might predict those students who would be likely to 


99-109 6. 
110-130). 25- 


As part of the university testing program, the Ohio 
State Psychological Examination (O.S.P.E.) was given 
to all entering students. The scores on this scholastic 
aptitude test did not show as great a correlation with 
grades in Chemistry 17 as did the Iowa Aptitude Test 
scores (see Table 3). 


TABLE 3 


Grades in Chemistry 17 Related to Ohio State Psychological 
Examination 


‘Presented before the Division of Chemical Education at the 
peo Meeting of the American Chemical Society, San Francisco, 
1958. 
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No useful correlation was found between the student’s 
rank in his high school graduating class and his success 
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| 
range cases A B Cc P P Dr % F and Dr A 
0-49 18 0 0 1 1 5 11 89% 
50-69 49 0 1 i) 12 20 7 55% 
7 6 10 1 0 1 4% 
O.8.P.E. No. 
% ile cases A B c P F Dr % F and Dr 
No record 11 0 0 5 2 1 3 36% 
0-19 33 0 0 5 8 15 5 61% ' 
20-39 70 0 1 26 15 15 13 40% 
40-59 40 3 2 12 8 7 8 37% 
60-79 38 5 6 16 3 3 5 21% ‘ 
80-98 23 6 7 8 2 0 0 0% 
CATION 


in Chemistry 17, nor were high school chemistry grades 
a reliable indication of college chemistry performance. 
These grades were more meaningful in predicting those 
students who will make high grades than in predicting 
those who will fail. Grades from Toledo high schools 
and other large schools were more meaningful than 
those from smaller schools. Others have studied 
these relationships between high bent and college 
performance (6, 6, 7). 

The Chemistry Department phate several sug- 
gestions as to what might be done with those students 
who made low scores on the aptitude test. It was 
felt that extra class sessions would not solve the problem 
but only add to the burden. Putting these students in 
with those who had not had high school chemistry 
was also judged unsatisfactory. It was feared that 
some students would purposely make low scores hoping 
to have less competition in the course where high school 
chemistry was not required. The most suitable plan 
seemed to be the establishment of a separate course 
in pre-college chemistry in which the students would 


be required to show satisfactory performance before | 


being admitted to the regular course. This course 
was designated as Chemistry 7. The following reg- 
ulations were adopted concerning this course: 


(1) Beginning in the fall of 1955, all students enrolling in 
Chemistry 17 would be required to take the Iowa Aptitude Test. 
Those scoring less than 50 would be transferred to Chemistry 7. 
Those scoring between 50 and 60 would be informed that they had 
about a fifty-fifty chance of passing Chemistry 17 and could re- 
main in the regular course or transfer to Chemistry 7. Those 
scoring above 60 would be allowed to remain in the regular course. 

(2) Chemistry 7 would meet two hours weekly for one se- 
mester. The course would carry no credit, but a grade of C or 
better would be required for admission to Chemistry 17. 

(3) The course would stress those skills known to be necessary 
for success in chemistry. These include: ability to read with 
comprehension, facility with simple mathematics, ability to inter- 
pret observations in the light of prior knowledge, and efficient use 
of study time. In attempting to teach these skills, material 
would be drawn from the field of chemistry, but it would not be a 
factual course which could in any sense replace any existing 
course. 


We had no illusions concerning our ability to “save” 
a large number of these students for careers based on 
some knowledge of chemistry. Whether they went 
on to take Chemistry 17 and 18 or whether they decided 
to avoid chemistry by changing their professional 
goals, they would have been spared the frustration of 
trying to take a course beyond their capacity in the 
first semester at the university. 

The authors also decided to develop a second test 
which would be given along with the Iowa Aptitude 
Test in the hope of improving the accuracy with 
which failures could be predicted. This test, the 
Toledo Chemistry Achievement Test, was based on 
questions selected from high school chemistry exam- 
inations which were provided by local high school 
teachers. 

In the fall of 1955, all Chemistry 17 students were 
given the Iowa Aptitude Test and the Toledo Chemistry 
Achievement Test. Only the Iowa Aptitude Test scores 
were used for placement. Students were enrolled in 
Chemistry 7or Chemistry 17 according to the regulations 
previously listed. Table 4 shows the relation between 
the Iowa Aptitude Test score range and the number 
of students successfully completing Chemistry 7, 17, 


and 18. It is of interest to note that when students 
who scored below 50 took Chemistry 7 before taking 
Chemistry 17, their chances of passing the latter course 
were almost doubled as compared with those who t«ok 
Chemistry 17 directly. 


TABLE 4 


Course Performance in Relation to Iowa Aptitude Test 
Score ge 


Chemistry 17 Chemistry 18 


Chemistry 7 


Score No. En- En- % Pa-sing 
range cases rolled Passed rolled Passed Passed Chem. 18 


0-49 35 24 12 8 7 5 4° 
50-59 30 7 4 23 12 9 8 
60-130 217 0 0 217 160 130 109 


Although only the Iowa Aptitude Test scores were 
used for placement, it was hoped that improved pre- 
dictions might be obtained by the use of the Toledo 
Achievement Test scores or a combination of test 
scores. The correlation coefficients obtained by re- 
lating the pre-test scores with the grades the students 
actually earned in Chemistry 17 are shown in Table 
5. Table 5 also shows the correlation coefficients 
between the pre-test scores and the scores earned by 
these students on the A.C.S. Cooperative General 
Chemistry Examination, Form M, which was given 
at the end of Chemistry 18. 


TABLE 5 


Correlation Coefficients Relating Pre-test Scores with 
Performance 


Chemistry A.C.S. 
Test score used 17 grade exam. 


Ohio State Psychological Examination 0.40 hee 

Iowa Apiitude Test 0.51 0.65 
Toledo Chemistry Achievement Test 0.58 0.63 
Iowa Aptitude + Toledo Achievement Test 0.61 0.74 


Because of the higher correlation, it was decided to 
use the combined scores of the Iowa Aptitude and 
Toledo Chemistry Achievement Tests for placement 
in the fall of 1956. The combined scores were used 
as follows: Those scoring 0-99 would be required to 
take Chemistry 7, 100-119 would be given a choice of 
Chemistry 7 or Chemistry 17, above 120 would take 
Chemistry 17. Table 6 shows the number of students 
in each group who completed the respective courses 
satisfactorily. The figures again indicated that low- 
scoring students who took and passed Chemistry 7 had 
a much better chance of passing Chemistry 17 than 
if they had taken it directly. 


TABLE 6 


Course Performance in Relation to Iowa Aptitude + 
Toledo Achievement Test Score Range 


Chemistry 18 


Chemistry 7 Chemistry 17 
Score No. En- En- % }assing 
range cases rolled Passed rolled Passed Passed Ch 18 
52 16 12 11 5 4 
2 oe 38 24 18 13 
120-230 183 0 0 183 159 131 121 


In view of the favorable results obtained, i' was 
decided to continue the testing and placement pro..ram 
on this basis for another year. It was planned to ~lect 
the most valid items from each test and combine | hem 
into a single test which could be administered ii. one 
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hour, rather than to continue to give both tests, which 
requires two hours. 


CONCLUSIONS 


By means of a pre-testing program it is possible to 
predict failures and withdrawals in the first semester 
of general chemistry as follows: , 


% F and Dr 

Low group 89% 

Borderline group 40% 

High group 13% 
However, if those in the low group take and pass a 
course in pre-college chemistry prior to enrollment in 
the regular course, their chance of failure drops to about 
10°%. Prediction will never be 100% accurate because 
it is not possible to test motivation. 

The exclusion of the low group from direct enroll- 
ment in Chemistry 17 has had several beneficial effects. 
The percentage of F and Dr grades has decreased. The 
percentage of students not completing Chemistry 17 
in 1957 was cut to half the number in this category in 
1954, the year before the placement program was put 
into effect. The morale of the better students and of 
the teaching staff has improved. 

The Chemistry Department has benefited in the 
saving of teaching time. Placing some 50 students 
in a 2-hour non-laboratory course instead of in a 4-heur 
course with 2 laboratories per week has greatly re- 
lieved the burden on the senior teaching staff, and tias 
made possible a more satisfactory scheduling of labora- 
tory sections. The first semester of general chemistry 
is again offered during the second semester and this, 


combined with the smaller percentage of students 
dropping out, has helped to equalize schedules for both 
semesters. 

The testing and placement program in chemistry 
has helped to focus the attention of the university 
faculty and administration on the general problem of 
the poorly prepared student. More stringent re- 
quirements for entrance to degree colleges are being 
put into effect, with the establishment of a Foundational 
Program for those who do not meet minimum standards. 
This means that within a few years our departmental 
program may no longer be necessary. Meanwhile, we 
feel that we are accomplishing our objective with a 
reasonable degree of success and that we can now devote 
more of our efforts to the students on the other end 
of the academic scale. 
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A LABORATORY AID TO UP FILTRATION’ 


To ovERCOME the common annoyance of slow filtering 
of gelatinous precipitates, a simple but effective device 
can be constructed from the following pieces of equip- 
ment: one 75-mm. funnel with stem cut down to 25 
mm., one 2-inch length of Gooch tubing having an out- 
side measurement (flat) of 1°/, inches, and one atomizer 
bulb with two valves having a capacity of about 75 ml. 
{$The Gooch tubing is placed over the mouth of the 
funnel, foreing it on from the stem end, so that there 
remains as small an opening in the mouth of the funnel 
as possible. The atomizer bulb is attached to the stem 
of this funnel. The device is now ready for use with 
any filtering funnel from 35 to 65 mm. In place of the 
funne! and Gooch tubing, a one-hole rubber stopper 
(No. 15) could be used. 


re * Publication authorized by the Director, U. S. Geological 
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United States Geological Survey, 
Washington 25, D. C. 


The device is placed over the filtering funnel and 
held firmly in such a manner that the Gooch tubing 
gasket makes a seal between the two funnels. The 
atomizer is compressed gently so that the liquid in the 
filtering funnel is forced through the precipitate and the 
paper into the receiver. 
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A PHASE RULE EXPERIMENT: THE SYSTEM 
LEAD NITRATE-SODIUM NITRATE-WATER 


Amone the physical chemistry laboratory texts cur- 
rently in print, there are a number of experiments de- 
voted to heterogeneous equilibrium and the phase rule, 
including several involving ternary systems. The in- 
terpretation of the triangular diagram commonly used 
in representing ternary systems (/) is on occasion a 
source of difficulty to the student, especially when both 
liquid and solid phases are involved. The experiments 
on ternary systems in the current texts are invariably 
concerned with systems containing liquid phases only. 
These experiments call for the student to indicate on a 
phase diagram the binodal curves and tie lines as de- 
termined experimentally by a method such as titration. 
There the experiment ends. Although such systems 
are of importance in themselves, their value in helping 
the student understand phase diagrams is limited. 

It appears that a laboratory exercise involving the 
study of the less easily interpreted solid-liquid type of 
system might be of more value to the student. Two 
such experiments have been described by O’Brien and 
co-workers: potassium chloride-hydrochloric acid-water 
(2) and sodium bromide-hydrobromic acid-water (3). 
The method outlined involves analysis by chemical 
means of fractions of each of the phases present at 
equilibrium. This is a disadvantage in that it requires 
the labor of a pair of students over a six to eight hour 
period in order to establish some half-dozen pairs of 
points representing solid-solution equilibrium. In the 
experiment to be described the analytical procedure is 
reduced to a minimum, determination of total an- 
hydrous solids. This is accomplished by extension of 
the wet residue method of Schreinemakers (4) and the 
method of algebraic extrapolation (4) so that a knowl- 
edge of the composition of two synthetic samples on 
the same tie line is used to fix the latter. 


H,O 


Figure 1. The System Lead Nitrate-Sodium Nitrate-Water 


E. L. HERIC 
University of Georgia, Athens 


While the principles involved are presented in terms 
of the system lead nitrate-sodium nitrate—water, it 
will be apparent that the method is not specific and 
might be applied to many ternary systems in which 
one of the components is easily separable from the 
others. The author has evidence that with several 
refinements the method may also be a suitable too! for 
research, especially for some of those systems where 
the usual methods of analysis are not satisfactory. 

In the discussion below, the following symbols will 
be used: 

, 6, c = weight per cent of apeeteely water (A), sodium 
(B) and lead nitrate ( 

bi, c: = values of 6 and cina ra series of synthetic samples 

along the section a; = 7 (constant); 

be, co = values of b and c in a second series of synthetic samples 

along the section a2 = j (constant); 

ds, bs, cs = values of a, b, and c for points on the solubility 

curve; 


B= ret = for a synthetic sample, the fraction of the solids 


which is B. 


The phase diagram of the system at 25° is given in 
Figure 1 (6). On the diagram there have been super- 
imposed two sections at a, = 7 and a2 = j, representing 
two series of synthetic samples. Along each of the 
sections a is a constant, while b and c vary. For each 
sample on a section there is a value of a, for the solution 
obtaining at equilibrium. The relationship is shown in 
Figure 2 in terms of a plot of a; versus 8. Each of the 
two curves is seen to consist of three branches. 

If the phase rule and visual examination of the sam- 
ples at equilibrium are combined with the curves in 
Figure 2, certain conclusions concerning the system 
can be reached without previous knowledge of its 
phase diagram. The ternary system is considered to 
be at a constant pressure and temperature, so the phase 
rule fixes F, the degrees of freedom (variance), as 


F=3-P (1) 


where P indicates the number of phases present (/). 
Since the system cannot possess a lesser variance (han 
zero, the number of possible phases is restricted to one, 
two, or three. The physical appearance of the samples 
at equilibrium will show each to consist of at least two 
phases, at least one of these being a liquid. 

The nature of the system is defined further by the 
form of the curves-in Figure 2. Consider a; versus 
The branches from (0, d) to (w, z) and from (x, <) to 
(1, e) represent samples whose solution compositions 
vary continuously as 8 varies. Such behavior in- 
dicates a two phase region. Another feature of this 
plot is that these two branches do not form a continous 
curve but show a discontinuity between (w, 2) and (.”. 2) 
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Figure 2. A Plot of a; versus § at the Sections a; = i and a2 = j 


corresponding to a region of constant a;. This dis- 
continuity could be the result of an invariant point 
at the intersection of the two branches of the solubility 
curve. However, it could also indicate the existence 
of a third branch, corresponding to another two phase 
region exhibiting an essentially constant water content 
in the solution phase. The uncertainty here will be 
resolved by the nature of the tie lines. 

The interpretation of the plot of a, versus B: is the 
same as that given for a, versus 8; except that the two 
end branches are terminated at (v, z) and (y, z). 

The curves in Figure 2 may now be used to construct 
the phase diagram of the system. While the solu- 
bilities of the binary systems AB and AC are given 
directly by the values a, = e and a, = d respectively, 
it is necessary to consider both curves in order to es- 
tablish additional points on the solubility curve. 
Consider, for example, the points (f, h) and (g, h). 
These correspond respectively to synthetic samples 
of composition (a2, bs, c2) and (a1, 61, c:), both having 
the same solution composition (as, };, c;). The points 
representing these three compositions thus lie on a 
common tie line in the phase diagram. It follows from 
the theorems of similar triangles that 


a — a2 b, — be Ci — C2 


a,—a% —b | (2) 


Since the only unknowns in (2) are b, and c, the co- 
ordinates of the point (as, bs, cs) are readily determined. 
Additional points on the solubility curve may be 
determined in a manner similar to that just described. 
When this is done it will be apparent that the tie lines 
passing through the synthetic samples corresponding 
to the points (v, z) and (w, z), and the points (x, z) and 
(y, 2), intersect (within experimental error) at a common 
point on the solubility curve. This is sufficient to 
establish that the system possesses a single invariant 
point and not a third branch of the solubility curve. 
Although tie lines have been used to establish that 
an invariant point does exist, the coordinates of this 
point are best fixed by extrapolation of the two branches 
of the solubility curve itself, rather than by the use of 
the tie lines from Figure 2. Since these particular tie 


VOLUME 35, NO. 10, OCTOBER, 1958 


lines must be established by the extrapolation of the 
generally non-linear a, versus 8 curves to a; = z in 
Figure 2, the latter method appears to be less accurate 
here. Extrapolation of the solubility curves is rendered 
less arbitrary by the restriction that the value of a, 
is fixed at z. 

After the solubility curve has been established, the 
tie lines used for that purpose may be extrapolated in 
the opposite direction in order to fix the identity of the 
solid phases in equilibrium with the solution. If this 
is done graphically it will be apparent that the average 
composition of the solid corresponds to one or the other 
of the anhydrous salts. Assuming then that the solid 
is anhydrous, the tie lines may be used to obtain an 
indication of the quality of the data, since they should 
intersect precisely at the points corresponding to the 
pure anhydrous salts. The method is again that of 
similar triangles. In the region where C is the apparent 
solid, for example, 

bi — bs 

a2 be — bo 

where bo is the experimentally indicated value of b in 
the solid phase. 

Typical results obtained by combining the experi- 
mental procedure described below with the calculations 
described above are given in Table 1. A point on the 
solubility curve has been obtained for each synthetic 
sample prepared. The indicated nature of the solid 
phase in equilibrium with each solution point is also 


(3) 


TABLE 1 
Equilibria in the Systern NaNO;-Pb(NO;).-H:O at 25° by 
the Method of This Experiment 


Solid composition 
Solution composition (assumed anhydrous) 
———% by % by 


NaNO; Pb(NO3)2 H.O NaNO; Pb(NOs;)2 


ad 
° 


escssse: 


| 


cos 


DOWEL 


Qe 1 or 


0 


Accepted values (6): 47.9 
variant point); ° 0.0, 37.2, 62.8. 


3, 15.5, 44.2 (in- 


on 
w 


H,0 


Pb(NOs), 


Figure 3. The Solubility Curve of the System Lead Nitrate-Sodium 
Nitrate-Water 


Curves are from accepted values (6); points are experimental values 
from Table 1. 
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given. The points are compared graphically with the 
accepted values in Figure 3. The agreement appears 
to be satisfactory for the purpose intended. The 
equilibrium temperatures were 25.0 + 0.1°C. 


THE EXPERIMENT 


Apparatus and Materials: 60-ml. glass stoppered 
bottles, 50-ml. volumetric flasks, 2-ml. Mohr type 
pipets, 10-ml. volumetric pipet, reagent grade sodium 
nitrate and lead nitrate, distilled water, thermostat 
(25°). 

Procedure: This experiment is designed for a pair 
of students working as partners. In order to fit it 
conveniently into laboratory periods of the usual length 
it is advisable that the bottles and pipets be previously 
cleaned and allowed to dry. 

The synthetic samples to be prepared are given below. 
Since the purpose of samples 1-5 is to fix the values of 
a, for the individual salts and the invariant point, their 
compositions may actually be varied within rather 
wide limits. The values given here are intended to 
serve as a guide. The components in these samples 
should be weighed to the nearest gram. If the in- 
structor feels it is detrimental to the purpose of the 
experiment if the student knows in advance that these 
points lie in the designated regions, the weights of these 
samples may be adjusted so that they lie precisely 
‘upon the sections corresponding to the remaining sam- 
ples below. Obviously this would have no effect upon 
the value of a, for these points. For samples 6-17, 
which establish all other values of a, along the solubility 
curve, the compositions of the samples are more critical. 
The solids should be weighed to within 5 mg. of the 
amounts specified, which refer to apparent weights 
(in air). A convenient procedure is to weigh about 
0.1 g. short on a trip balance, and then bring to the 
desired weight with a more sensitive balance. The 
method requires much less effort than might be supposed. 
The pipet used in preparing samples 6-17 should be 
calibrated for the weight of water delivered, duplicate 
results agreeing to within 5 mg. Thermostatted water 
should be used for both calibration and sample prep- 
aration. Drying of the solids used in preparing samples 
6-17 is recommended. 


BE 


Ne 

08 08 08 O8 OR OR O8 OR OR 


The samples are stored in the glass stoppered bottles. 
Constant agitation of these samples in order to attain 
equilibrium is not necessary. A more convenient, and 
equally effective, method is to warm the samples to 
about 60°, and then store them in the thermostat 
for a period of two hours with only an occasional 
gentle swirling action in order to prevent caking of 
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the solids. Caking is a possible source of error for those 
samples with a large fraction of solids. 

After the samples have been weighed, the fla:is 
are cleaned, rinsed with acetone, and oven dried. When 
it is time to withdraw fractions of the samples the 
flasks are cooled in a desiccator and weighed to the 
nearest milligram. Taring is convenient for weighii gs 
involving the flasks. About 2 ml. of solution is remoy ed 
from a sample with a pipet provided with a filter. ‘1 he 
pipet should be above sample temperature so that no 
solid is deposited upon its walls. The fraction is draiiied 
into the flask, which is then stoppered and weighed 
again to the nearest milligram. The procedure is 
repeated until a fraction of each sample has been placed 
in a flask. A dry pipet is required for each sample. 
Although desirable, duplicate determinations are jot 
suggested because of the lengthy nature of the ex- 
periment. A comparison of results obtained in this 
laboratory shows good agreement between different 
sets of data based upon single determinations. 

The flasks containing the fractions are heated to 
evaporate the water, cooled in a desiccator, stoppered 
and weighed to the nearest milligram. The fractions 
are completely evaporated overnight at 130°. 

Calculations: From.the experimental values of a, 
and 8 at the two sections a plot resembling Figure 2 
is constructed. To obtain results of the order indicated 
above, however, would require a plot of Figure 2 as 
such to be excessively large. It is more convenient 
simply to omit the invariant region, and to plot on a 
single sheet of paper the four branches such as (0, d) to 
(w, z). Asa further aid to reduction in size of the plot 
the two branches to the right are plotted in terms of 
1—8 rather than 8. A 65-cm. length of graph paper 
50 em. wide in 1-mm. divisions is suggested. 

The experiment provides an opportunity to introduce 
the student to the use of the spline, a useful device 
unknown to too many of our science graduates. Care 
should be exercised in the drawing of these curves 
since in certain regions of concentration the results are 
sensitive to relatively small changes in a, and 6. Other 
ternary systems might be preferable for this reason, 
but it seems important that the student see the limi- 
tations of the method as well as its advantages. The 
opportunity for error could be lessened by selecting 
two sections farther apart but not without introducing 
added difficulties in the experimental procedure. 

Using the plot of a, versus 6 the phase diagram of 
the system is constructed by the method outlined above. 
If a point on the solubility curve is established for 
each of the samples prepared, the curve is adequately 
defined over its entire extent. 

In calculating the true weights of each sample com- 
ponent, corrections for the buoyancy of air should be 
introduced where they are significant. The student 
is referred to Seidell (7) or to the original literatur: (6) 
for a comparison between the accepted values and his 
own. The instructor may quickly obtain an indic: ‘ion 
of the quality of the student’s experimental tech: que 
by comparing the values of a, for the samples 3, 4. «nd 
5, all of which should agree within experimental «ror. 
The following pairs of points may also be used in the 
same way, since each pair lies on a single tie ‘ine: 
8 and 14, 9 and 15. 
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Tur commercially available styrofoam balls' when 
fastened together with pipe cleaners are well suited to 
making temporary packing type crystal models which 
are approximately to scale. However, models made 
with this kind of construction are too fragile for 
repeated classroom demonstration and are not at all 
satisfactory when used to represent open structures 
because of the difficulty in adequately supporting all 
of the atoms. In addition, the balls sold commercially 
are not always spherical and are seldom the correct 
color or exact size required for a particular scale model. 

The modified styrofoam packing models described 
here eliminate these problems. The plastic boxes 
give the models protection from rough handling and 
dirt and also provide a method for supporting the 
corner balls in open structures solidly and invisibly. 
The boxes thus make it possible to avoid misleading 
supports, and at the same time they emphasize the 
symmetry of the structure. The development of a 
simple technique for making styrofoam balls of any 
diameter has solved the problem of obtaining balls 
of odd dimensions. 

A slight variation of this general technique has been 
used in building models for illustrating close packing. 
In these models the tops of the acetate boxes are 
removable and all the balls are loose. This makes it 
possible to give a very clear picture of the nature of 
close packing by starting with an empty box and then 
building up the close packed layers one at a time. 
The box for hexagonal close packing serves a dual role 
in that it can be packed in either simple hexagonal or 
the more complicated double hexagonal close packing. 

A scale of two angstroms to the inch has been found 
to be satisfactory for most of the models; however, 
the scale has been doubled for the models which contain 
atonis with exceptionally small radii. 

A series of more than fifteen of these two types of 
models has been used with success in both undergraduate 
and yraduate classes. 


CONSTRUCTION DETAILS 


Since the selection of commercially available styro- 
foam balls is somewhat limited, it is usually necessary 
to make spheres of the exact size needed. These 
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TYPE CRYSTAL MODELS 


MALCOLM E. KENNEY 
Case Institute of Technology, Cleveland, Ohio 


Figure 1. Unit Cell of ZnS Figure 2. Cubic Close Packing 


have been made by sanding pieces of styrofoam into 
balls which are just slightly oversize and then reducing 
them to the exact size by rotating them against a 
hole of the proper diameter in a piece of plastic sheet 
until they will just pass through. The resultant 
spheres have been enameled according to a consistent 
color scheme and assembled into the model with short 
lengths of pipe cleaner. 

The plastic containers have been made from pieces of 
0.03-inch clear cellulose acetate sheet? which have been 
cemented together with acetone as a solvent-cement. 
In cutting the pieces of acetate it is most convenient 
to score the sheet with a scribe and then break the 
plastic along the scored line. Several especially 
rigid plastic boxes have been made by using '/j.-inch 


“acetate sheet for the end pieces instead of the usual 


0.03-inch sheet. When the crystal model contains 
atoms not directly connected with others in the model 
these have been supported by plastic barbs cemented 
to the box. 

The label holders have been made from small 
squares of plastic with narrow strips of thin plastic 
cemented at the top and bottom of one side. These 
units have been cemented to the boxes thus forming 
pockets for the labels. 


1 Styrofoam balls may be obtained from the Star Band Com- 
pany, Portsmouth, Va. 

? Cellulose acetate sheet can be purchased from the House of 
Plastics, 755 Carnegie, Cleveland, Ohio. 
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THE ACID DISSOCIATION CONSTANT OF 


METHYL RED 


Tue partial dissociation of weak electrolytes is one of 
the most fundamental phenomena observed in solution 
chemistry. Calculations involving the dissociation 
constants of weak acids and bases are indispensable 
to any discussion of homogeneous equilibrium. How- 
ever, many physical chemistry laboratory courses fail to 
include an experiment involving the determination of a 
dissociation constant of a weak acid or base. The 
experiment outlined below involves the direct spec- 
trophotometric determination of the acid dissociation 
constant of methyl red (MR). 

Figure 1 shows the acidic (HMR) and basic (MR7-) 
forms of methyl red. The acid form is a zwitterion in 


@ 
ACID FORM (HMR) RED 
OH H 
cop 


BASIC FORM (MR) YELLOW 


Figure 1. HMR and MR- Forms of Methyl Red 


solution. It is considered to be a resonating structure 
with an electronic configuration somewhere between the 
two extreme forms shown. Equation (1) defines the 
equilibrium constant to be measured. Equation (2), 
the familiar Henderson-Hasselbach statement of (1), 
is the form most readily tested by experiment. 

(H*) (MR-) (1) 

(HMR) 


pK = pH — loge CAMRY (2) 


K 


Methyl red is a particularly good acid for study since 
both HMR and MR~ have strong absorption peaks in 
the visible portion of the spectrum, the acid dissociation 
constant is not greatly affected by changes in ionic 
strength, and the color change interval from pH 4-6 
is conveniently obtained with a simple HOAc-NaOAc 
buffer system.’ 


1 Kouruorr, I. M., “Acid-Base Indicators,” 2nd. ed., The 
Macmillan Company, New York, 1953, pp. 145-46. 
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A Spectrophotometric Measurement 


STEPHEN W. TOBEY 
University of Wisconsin, Madison 


EXPERIMENTAL PROCEDURE 


A laboratory stock solution made by dissolving 
1 g. of crystalline methyl red? in 300 ml. of 95% ethanol 
and diluting to 500 ml. with distilled water is convenient. 
The standard solution of methyl red for use in the 
actual experiment is made by adding 4 ml. of the stock 
solution to 50 ml. of 95% ethanol and diluting to 100 
ml. with water. In addition to this standard solution, 
the following solutions are required: 250 ml. 0.04 
M NaOAc, 100 ml. 0.01 M NaOAc, 100 ml. 0.02 M 
HOAe, 25 ml. 0.1 M HCl, and 100 ml. 0.01 M HCl. 
The concentrations of these latter solutions are not 
critical and they can be prepared by diluting laboratory 
stock solutions. 

The first step in the experiment involves determining 
the wave lengths at which HMR and MR- exhibit 
absorption maxima. This is done by investigating 
the absorbancy versus wave length of the two solutions 
described below, both of which contain the same total 
concentration of methyl red. The first solution (A) is 
prepared by diluting a mixture of 10 ml. of the standard 
MR solution and 10 ml. 0.1 M HCl to 100 ml. The 
pH of this solution is about 2, so the MR is present 
entirely as HMR. The second solution (B) is prepared 
by diluting a mixture of 10 ml. of the standard MR 
solution and 25 ml. of 0.04 M NaOAc to 100 ml. The 
pH of this latter solution is about 8 so the MR is present 
entirely as MR~-. Portions of solutions A and B are 
placed in matched I-cm. Pyrex cells and the ab- 
sorbancy versus water measured between 350 and 600 
my. Figure 2 illustrates the type of plots obtained. A 
Beckman Model B spectrophotometer was used in 
taking all absorbancy readings. The absorption peak 
for HMR (Aa) is at 520 mu. The absorption peak ‘or 
MR- (Az) is at 425 my. As can be seen from the figure 
the absorption peaks are not completely separated 
but cross at a wave length of 460 mp. At this poin: tie 
absorbancy indexes of HMR and are identic:(, 
and the spectral curves are said to be at the isobes'ic 
point. If the absorbancy of a solution contail ing 
both HMR and MR- is measured at this particular 
wave length, the observed absorbancy is independ:nt 
of the relative amounts of HMR and MR~ pres«t, 
and depends solely on the total amount of MR in the <0- 
lution. 


2 Methyl red (Cryst.) m.p. 178°-179° can be obtained fom 
Eastman Organic Chemicals, Rochester 3, New York. 
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Figure 2. Absorbancies of HMR and MR~ versus \ 


The second step in the experiment involves verifying 
Beer’s law for both HMR and MR~-, and determining 
their absorbancy indexes at A, and As. Portions of 
solutions A and B are diluted to 0.75, 0.50, and 0.25 
times their initial concentrations using 0.01 M HCl and 
0.01 M NaQOdAc respectively. The absorbancies of 
these solutions versus water are measured at A, and As. 
Figure 3 shows the type of data obtained. It is im- 
portant in taking these and all subsequent absorbancy 
data to be sure that all measurements are made at a 
constant temperature. The easiest way to do this is to 
have all the solutions at room temperature and insert the 
filled cells in the spectrophotometer just prior to taking 
measurements. 

The third step in the experiment is to determine the 
relative amounts of HMR and MR ~ present in solution 
as a function of pH. A series of solutions is prepared 
by adding varying amounts of 0.02 M acetic acid to 
constant amounts of standard indicator solution buf- 
fered with 0.04 M NaOAc solution. The absorbancies 
‘A, and Ag) of the solutions at \, and Ag are measured, 
and the pH values determined. A Beckman Model 
H pH meter with glass electrode standardized at pH 
6.00 was used in these determinations. 


STUDENT RESULTS 


Table 1 shows the results of a typical student ex- 
periment. 

From the data in Table 1 and the absorbancy indexes 
of HMR and MR~ calculated from Figure 3, the rela- 
tive :mounts of HMR and MR~ in solution can be eal- 
culated using equations (3) and (4). These equations im- 
ply that the observed absorbancies at 4 and As are the 
simple additive sums of the absorbancies due to HMR 
and Mi: 

Ax, = + aa.mr(MR-) (3) 
= + (4) 


+ + 
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TABLE 1 
Experimental Data 


Ag 


0.280 

+ 0.001 
0.352 
0.441 
0.490 


Temp. = 27.2 + 0.2°C. 

* This column gives the volume of 0.02 M HOAc to be added 
to 10 ml. standard MR solution plus 25 ml. 0.04 M NaOAc solu- 
tion before dilution with water to 100 ml. total volume. 


TABLE 2 
Summary of Results 


Solution (MR~) (MR~) 
no. (HMR) (HMR) 


0.62 —0.21 
+0.08 
3.1% +0.49 
+0.82 


logio 


From the relative amounts of HMR and MR~ present 
as a function of pH the value of pK for methyl red 
can be calculated using equation (1). These calcula- 
tions are summarized in Table 2. The value for pK is 
constant within the limits of experimental error. 

The average value for pK of 5.02 + 0.02 at 27.2°C. 
taken from Table 2 agrees very well with an over-all 
average for the pK of methyl red of 5.05 + 0.05 de- 
termined in the range 25-30°C. by a numberof workers,’ 
using both colorimetric and spectrophotometric 
methods. 


3 Kottuorr, I. M., loc. cit., pp. 290-91. 


Absorbancy 
° 


0.00 
0.00 0.25 0.50 


Relative concentration of MR 


Figure 3. Absorbancies of HMR and MR at A and \B versus Con- 
centration 
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A STATISTICAL COMPARISON OF THE 
GRAVIMETRIC, MOHR, AND FAJANS 
METHODS FOR CHLORIDE’ 


Reports from about 450 beginning quantitative 
analysis students, who analyzed unknown chloride 
samples by the gravimetric, Mohr, and Fajans methods 
have been subjected to statistical analysis. The results 
are summarized in Table 1. Deviations were measured, 
not from the student averages, but from the established 
values of the 25 different unknowns. The variance, 
S?, the estimate of the standard deviation, S, and the 
standard error of the estimate, r,, were tabulated for 
each of the three methods. Results by the gravimetric 
method tended to be low rather than high in the ratio 


TABLE 1 
Deviations and Precision of Chloride Methods 


Fajans 
frequency 
High Low 


Deviation Gravimetric Mohr 
in % Cl, frequency frequency 
plus or minus High Low 


0.00-0.10 77 
0.11-0.20 
0.21-0.30 
0.31-0.40 
0.41-0.50 
0.51-0.60 
0.61-0.70 
0.71-0.80 
0.81-0.90 
0.91-1.00 


Total Reports 247 


S? 0.1039 
S 0.32 
Te 0.01 


_dev.? = 

N —k’ V2N 

N is the number of reports. 

k is the number of different chloride samples issued (25). 

N-k is the number of degrees of freedom. 

Reports which deviated more than one per cent were not included 
in the computations. 


The variance = S? = zz 


of three to two. The other methods gave a few more 
high than low results. 

There is little difference between the methods from 
the standpoint of precision. However, the application 
of Fisher’s F test for significance of differences between 
calculated variances leads to the conclusion that a 
difference as large as that between the variances found 
by the gravimetric and Fajans methods should be 
expected only about 8% of the time if the methods were 
equally precise. 

Comparison of two variances is made by dividing the 


BART PARK 
Michigan College of Mining & Technology, 
Houghton 


larger by the smaller and comparing the value obtaiied, 
F, with tabulated values which depend upon the number 
of measurements used in calculating each variance and 
the probability of occurrence.2 The results are 
summarized in Table 2. 


TABLE 2 
Variance Ratios 


Variance 


0.0901 


Method 


(1) Gravimetric 
(2) Mohr 0.0968 
(3) Fajans 0.1039 
= 1.074, S:2/S,2 = 1.153 


Tables of F at N = 450, which is close enough to 
the number of reports in Table 2, give F = 1.167 and 
1.128 at the 95% and 90% levels. Since the value 
1.074 is considerably less than 1.128, the conclusion is 
that the gravimetric and Mohr methods are equally 
precise. 

The value 1.153 lies between 1.167 and 1.128. The 
conclusion is that there is a statistical difference at the 
90% level but not at the 95% level. 


TABLE 3 
Basis for Grading Chloride Unknowns 
Deviation 
in % Cl, plus 
or minus 


0.00-0.06 
0.07-0. 10 
0.11-0.16 
0.17-0.28 
0. 29-0. 38 
0.39-0.50 
0.51-0.59 
0.59 Repeat 


Number % 
Grade receiving receiving 


no 


* Values of x/s are taken from areas of the Normal Curve, 
Tables for Statisticians, ARKIN AND Cotton, “College (utline 
Series,’’ Barnes & Noble, Inc., New York, 1950. 


The twenty-five chloride samples ranged from a 
low of 47 to a high of 60%. A grading schem, de- 
signed to give the distribution in Table 3, column 6, 
has been worked out from the tabulated values «/ the 
areas under the normal curve and the value of (). for 
the standard deviation. Column 3 of Table 3 lis! the 
grade distribution obtained. Column 4 gives the yrade 
distribution desired; these values were arbitrarily 


! Presented before the Division of Chemical Education at the 
132nd Meeting of the American Chemical Society, New York 
City, September, 1957. 


* See BENNETT AND FRANKLIN, “Statistical Analysis in ( hem- 
istry and Chemical Industry,” John Wiley & Sons, Inc, New 
York, 1954, p. 192, for an explanation of the F test. 
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chosen. The values in the fifth column are the areas 
o! the normal curve corresponding to one-half of the 
per cent desired taken cumulatively. The maximum 
y:lues given in column 6 were obtained by multiplying 


values in column 5 by the standard deviation S. A 
penalty of ten grade points was imposed for a report 
which deviated by more than 0.599%, and a new un- 
known was issued. 


LABORATORY PREPARATION OF CELLOPHANE 


Tue conventional procedures for manufacturing 
cellophane involve a series of steps to convert opaque, 
fibrous cellulose, such as cotton or wood pulp, into a 
continuous, thin, transparent sheet. This conversion 
consists of dissolving the cellulose, casting it into the 
desired form, and then rendering it insoluble. The 
procedures, mechanics, and chemistry involved are 
described in a number of publications.': 4 

The following simplified procedure defines conditions 
that are suitable for the preparation of cellophane for 
small-scale classroom demonstration purposes. 


SAFETY PRECAUTIONS 


The following safety precautions should be observed 
because of the corrosive and toxic nature of the chem- 
icals and compounds involved. 


Acid-proof goggles and rubber gloves should be worn 
by those conducting the experiment. 

The experiment should be conducted in an efficient 
exhaust hood since carbon disulfide and hydrogen sulfide 
are evolved. 

Affected areas should be rinsed immediaiely and 
thoroughly with large quantities of water if the slightest 
amount of sodium hydroxide, acid, or viscose comes in 
contact with skin or clothes. These chemicals can cause 
serious irritation or damage if not removed promptly. 

Only qualified personnel should perform this experi- 
ment. 

Glass vessels that are subjected to pressure or vacuum 
should be wrapped with adhesive tape or cloth to reduce 
hazards in case of breakage. 

Any unused solutions or viscose can be greatly diluted 
with water and discarded, slowly and with large amounts 
of water, into the sewer system. Do not discard acid 
solutions immediately following viscose waste. 


VISCOSE PREPARATION 


Loose, absorbent, medical grade cotton (100 g.) is 
covered with a 30°C., 18% solution of sodium hydrox- 

‘InsKEEP, G. C., anp P. Van Horn, Ind. Eng. Chem., 44, 
2511-24 (1952). 

* Heuser, E., “The Chemistry of Cellulose,” John Wiley & 
Son-, Inc., New York, 1947. 

‘Orr, E., anp H. M. Spuruin, “Cellulose and Cellulose 
Derivatives,” Interscience Publishers, Inc., New York, 1954, 
Vol. V, Part II, pp. 959-1018. 

* Conant, J. B., anp A. H. Buarrt, “The Chemistry of Organic 


tal 3rd ed., The Macmillan Co., New York, 1947, pp. 
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ide. The cotton should remain, or “steep,” in this 
solution for one hour to convert the cellulose to ‘‘alkali 
cellulose.”” Decant and transfer the wet alkali cellulose 
+ ———— (C,H,O;Na), + 2-H,O 
Cellulose “Alkali 
cellulose’ 
to a Biichner funnel fitted with a suction flask. The 
alkali cellulose should be hand-pressed and aspirated 
as dry as possible. 

After breaking up any large lumps or packed areas 
into crumbs, the alkali cellulose is transferred to a one- 
gallon, wide-mouth bottle for xanthation. Xantha- 
tion is accomplished by adding 40 g. of carbon disulfide 
to the alkali cellulose in the bottle and maintaining the 
sealed bottle at 30°C. for two hours. The bottle 
should be rotated, if only occasionally, to insure 
uniform xanthation. The bottle should be opened in 

(CsH,O;Na). + 2-CS, (C,H,0;CS.Na). 


Sodium cellulose 
xanthate 


the hood and 1000 g. of cold (5°C.) water and 200 g. 
of 18% sodium hydroxide added. The mixture is 
then stirred (using a high speed, stainless steel agitator 
if possible) for two hours while maintaining a 10°-15°C. 
temperature. The thick orange-colored solution that 
results is called “viscose.” Stopper the bottle, or seal 
loosely, and store at 0°-15°C. for twelve to twenty- 
four hours. Vacuum may be applied during storage 
to facilitate removal of air bubbles. 


CELLOPHANE CASTING 


The sheet of cellophane is prepared by spreading a 
thin (0.010—0.020 inch) layer of viscose on a glass plate 
and then coagulating the viscose by placing the plate 
and viscose in a 45°C., 40% ammonium sulfate bath for 
sixty seconds. Conversion to cellulose is accomplished 
by immersing the coagulated sheet, still on the plate, 
in a 45°C., 12% sulfuric acid-18% sodium sulfate bath 
for two minutes. The film should be washed in hot 
+ 2-HSO, 

2(CeHwO5)2 + + r-NaSO, 

Cellophane 
water for ten minutes and then clamped to a photo- 
graphic ferrotype plate (or in an embroidery hoop) 
to prevent shrinkage during air drying at temperatures 
less than 100°C. A more flexible cellophane can be 
obtained by plasticizing the wet sheet for 15 minutes 
in a 5% aqueous solution of glycerine prior to drying. 
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ON THE INFLATING OF BALLOONS 


A recenv article with this title by R.S. Stein! prompts 
us to report the results of a similar investigation. Our 
experimental technique and treatment of the data 
differ from Stein’s. 

We have measured simultaneously the pressure 
inside a toy balloon and its volume by means of the 
apparatus shown in Figure 1. The balloon was at- 
tached to a one-holed rubber stopper on the end of an 
L-shaped glass tube and supported inside an aspirator 


From cylinder 


bottle as shown in the figure. The glass tube holding 
the balloon was attached via a T-tube to a U-shaped 
mercury manometer and, through a glass stopcock, to 
the reducing valve on a nitrogen cylinder. The as- 
pirator bottle was then filled completely with water and 
closed with a one-holed rubber stopper carrying an 
eduction tube leading beneath the surface of water 
contained in a graduated cylinder. All rubber stoppers 
and rubber tubing connections were wired to prevent 
leakage. A constant water level in the graduated cyl- 
inder indicated pressure equilibrium in a tight system. 
Nitrogen was then admitted to the balloon in small 
portions, and readings of the mercury manometer and 
of the volume of water in the graduated cylinder were 
taken after each portion. 

Pressure-volume data from a typical run are plotted 
in Figure 2. This figure shows the early pressure 
peak which was described and interpreted by Stein and 
which is responsible for the common observation that 
it is harder to start the inflation of a rubber balloon 
than it is to continue it, once started. The figure also 
shows the pressure minimum observed by Stein and 
attributed by him to complete straightening out of the 
rubber polymer chains, making it impossible to stretch 
the rubber farther without breaking the chains. 

1 Srein, R.8., J. Coem. Epuc., 35, 203 (1958). 

*See Sears, F. W., anp M. W. Zemansky, “College Phys- 
ics,’’ pp. 237-38, Addison-Wesley Publishing Co., Inc., Cam- 
bridge, Mass., 2nd ed., 1953. We are indebted to Professor 
Zemansky for pointing out this analogy. 

3 See TrELoaR, L. R. G., “The Physics of Rubber Elasticity,” 
Oxford University Press, New York, 1949. 


F. E. CONDON and MICHAEL FRYD 
The City College, New York 31, N. Y. 


The balance of forces in an inflated balloon is an:l- 
ogous to that in a soap bubble. One can define a 
film tension, y, as the force per unit length in a stretched 
rubber membrane, entirely analogous to the surface 
tension of a liquid. For an inflated spherical balloon of 
radius, r, the force of elastic retraction along a great 
circle, 2mry, is balanced by a force, rr?P, due to the 
difference in pressure, P, inside and outside the bal- 
loon.2 By equating the two forces and substituting 


for r from the formula for the volume, V = 42r*/3. 
one obtains the relationship 


_ (32ry*\!/s 
P= ar (1) 


That is, the pressure is inversely proportional to the 
cube root of the volume. 

The same relationship is derivable from the following 
thermodynamical considerations. As the balloon is 
inflated, an increment of pressure-volume work, d(PJ’), 
is done against the film tension, and results in a cor- 
responding increase in film energy, analogous to surface 
energy, ydS, where S is the surface area of the bal- 
loon: 


d(PV) = ydS 


For a regular three-dimensional figure, S is proportional 
to V’*. (For example, for a sphere, S = 4ar? and 
V = 4nr*/3, from which S = (36m)’“V**.) Thus 
during inflation of a balloon, d(PV) « ydV*”, from 
which after integration 


(2) 


The foregoing derivations are based on the assumption 
that the film tension, y, is independent of the extension. 
It can be shown readily that this is equivalent to as- 
suming a Hooke’s law relationship between the force, 
f, and the extension, /. That is, f = y X l, or f/l = 7, 
aconstant. The assumption is consistent with theories 
of rubber elasticity.* 


100 200 
Volume, cc. 


Figure 2. Variation of Net Pressure Inside a Balloon with Its Volume 
During Inflation 
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Equations (1) and (2) suggest that a plot of log P 
against log V should give a straight line with slope 
equal to — '/3. Such a log-log plot of the data of Figure 
2 is shown in Figure 3. Most of the data do indeed 
fall near such a straight line‘ and indicate the assump- 
tion that the film tension, y, is constant is valid for 
moderate extensions. 

Many interesting aspects of the unusual pressure- 
yolume relationships enccuntered during inflation of a 
billoon have been mentioned by Stein. To them may 
be added the possibility of evaluating the film tension, 
y, and the observation of hysteresis during return of 
the inflated balloon to the flaccid state. 


‘ We are indebted to Mr. Al Blacksburg for help in preparing 
the figures 


fog V 
Figure 3. Logarithmic Plot of the Data of Figure 2 


SOME ASPECTS OF TECHNICAL TRANSLATING 


Ture are certain universal or international problems 
associated with technical translating, while others are 
of a more local or national character. In the present 
article it is intended to discuss certain of these problems 
as seen by one engaged in this work in England.? 

The work that a technical translator working for an 
industrial firm is called upon to carry out depends very 
largely on the size and interests of the firm. Obviously 
firms manufacturing chemicals, textiles, or engineering 
goods, those specializing in the home or export market, 
those with or without overseas subsidiaries, and those 
having their own research department or using a central 
research organization, will all have very different needs. 
Those firms which do not employ full-time translators 
on their staff will make use of outside translators. In 
these cases however, such factors as time, efficiency, 
secrecy and, in the case of the lesser known languages 
such as Russian and Japanese, the ultimate value of a 
full translation, as opposed to a summary or précis, 
must be taken into account. The work of the transla- 
tor also depends very much on whether he is working on 
his own or as one of a team, functioning either on a 
language or subject-matter basis. 

' Address: 9 South Drive, Harrogate, Yorks, England. 


* Eprror’s Nore: It is a truism to point out that as the world 
“shrinks,” the need for scientists to be able to understand and 
communicate with their colleagues in other countries increases. 
It has been some years since readers of these pages have had their 
attention focused on the work of the translator of scientific infor- 
Mation (see THIs JoURNAL, 30, 388 (1953)). It is hoped that 
an overseas viewpoint will prove interesting. 
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TYPICAL ASSIGNMENTS FOR TRANSLATORS 


Patent specifications are a valuable source of infor- 
mation for an industrial firm, and therefore form pos- 
sibly the most important source of the translator’s ma- 
terial. Countries issuing patents differ considerably in 
their methods of making the information contained in 
them available (time after filing, issuing as printed doc- 
uments, etc.). Belgian patent specifications which may 
be filed either in French or Flemish (which is vir- 
tually the same as Dutch), form in most cases the first 
disclosure or laying open to public inspection of new ma- 
terial. Hence translators find themselves called upon 
to translate large numbers of Belgian patent specifica- 
tions which initially appear as photostats and are only 
later printed. German ‘Auslegeschriften” (virtually 
equivalent to the former “Anmeldungen’’) are also a 
valuable and fairly rapidly available source of new in- 
formation, followed by French, Dutch, and Italian pat- 
ent specifications. Australian and South African pat- 
ent applications are also early sources for new de- 
velopments, but the language problem does not arise 
here. Belgian and French patent specifications are also 
useful to the searcher in that, since these countries do 
not as yet operate any system of examination, the speci- 
fications appear virtually as filed. Patent translation 
work also arises through citations made during the ex- 
amination of patent applications, and these may be from 
almost any country issuing printe« specifications. 

After patents, articles from technical journals prob- 
ably form the translator’s next major source of material. 
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These journals are possibly circulated within the firm as 
such, or summaries of the articles are disseminated 
through the medium of a bulletin. In the case of “full” 
translations of articles such mechanical problems as the 
reproduction of graphs, mathematical or chemical for- 
mulas, large and complicated tables, photos, etc., must 
be anticipated. 

Next in order of volume in the translator’s work come 
letters relating to technical inquiries and information 
from overseas firms. In England it is, in’ general, found 
that letters coming from France are inveriably written 
in French, those from Germany are more often than not 
in German, while those coming from Holland are with- 
out exception in English. Needless to say, letters re- 
ceived in English from overseas countries are often more 
difficult to read than a letter in the foreign language 
would be, and for this reason the custom sometimes met 
with in certain Italian firms of sending the Italian orig- 
inal accompanied by an English translation has much to 
commend it. To this class of translation material we 
must also add status reports on overseas firms with 
whom it is desired to do business, annual reports of over- 
seas competitors or licensees, newspaper cuttings re- 
lating to various developments or trends in overseas 
countries, advertisements, and other miscellaneous 
material. 

The translator will from time to time be asked to 
translate material into foreign languages. This activity 
is highly dangerous and bristles with real and potential 
pitfalls, ranging from the amusing to the tragic, and 
should not be indulged in except by those who are for- 
tunate enough to be bilingual. It is a practice fol- 
lowed very much in European countries in many of 
which the translator is replaced by the “foreign corre- 
spondent,”’ but its general results should act as a warning 
to those who feel inclined to engage in it. 

Extra-translation activities which the translator is 
often called upon to carry out include interpreting for 
foreign visitors, whose command of English leaves some- 
thing to be desired. It is frequently not realized by the 
non-linguist that interpreting is a very different art 
from translating. Both require a first-class knowledge 
of the two languages concerned together with a knowl- 
edge of the subject matter, but there the similarity 
ceases. Quite different personal qualities and skills 
are required which are seldom found in one and the 
same individual. Interpreting may be either simul- 
taneous or consecutive, and for those who have to do it 
as an occasional duty, the simultaneous method is to be 
recommended. It is nevertheless best left to the ex- 
pert. 

Finally the translator will also possibly be called upon 
to check translations made by overseas patent agents of 
patent texts and replies to letters from patent offices, as 
well as publicity material and translations of lectures to 
be given by personnel visiting overseas countries. All 
these call for extreme skill and care, since the slightest 
error can cause embarrassment or financial loss. 


UNIQUENESS OF TECHNICAL LANGUAGE 


Difficulties can arise in those cases where the same 
language is used in several different countries. For ex- 
ample German is used officially in Germany, Austria, 
and Switzerland; French in France, Belgium, and 
Switzerland; and Dutch in Holland and Belgium 


(where it is known as Flemish). It can, and does, 
occur, particularly with a neologism, that there will |e 
as many forms occurring, for example in patent speci- 
fications, as there are countries using that language. \ 
case in point was the translation into German of “gri:'t 
polymer,” and differences are also found in such expres- 
sions as “chain transfer reaction.’”’? Complications aye 
caused, particularly in England itself, by the fact that 
many textile workers have transferred their activities 
from natural to synthetic fiber processing, and continue 
to use terms taken from natural fiber processing jor 
steps in the synthetic fiber industry. The verb io 
“spin,” for example, has at least two meanings, being 
applied to the activity of the silkworm as well as to the 
process by which most synthetic fibers are made. Con- 
fusion is worse confounded in that England (and to a 
lesser extent France) still preserves traces of the domes- 
tic or cottage system in its textile terminology, so that 
any one process may be known by a different name in 
each county or even in different towns in that county. 

Abbreviations are probably the greatest source of 
trouble and exasperation to the technical translator, and 
it is in this field that dictionaries in general offer the 
least. help, even those so-called dictionaries of abbrevi:i- 
tions. Particularly since the second world war ab- 
breviations have sprung up like mushrooms, and the 
methods used for their formation can be as illogical as the 
results. German abbreviations such as “Jato” and 
“Moto” (metric tons per year and month respectively) 
are comparatively simple to decipher, but such combina- 
tions as ‘““LHSV” (liquid hourly space velocity) would 
tax the most fertile of imaginations. It also often hap- 
pens that the same abbreviation can be used for several 
different terms in any one language or that any one unit 
may be abbreviated in different ways in different lan- 
guages. 

Chemical formulas survive as one of the few forms of 
international communication, so that a chemist can see 
them occurring in the same familiar form in a paper 
printed in Russia, Japan, or Hungary. They do per- 
haps form evidence in favor of an international lan- 
guage for all scientific communications, such as that per- 
formed by Latin in former centuries. 

Trade marks can also cause the translator consider- 
able problems. First he must decide whether a particu- 
lar word is in fact a trade mark or merely a generic word. 
It does not however follow that because a word is a trade 
mark in one country it will be in another. For ex- 
ample, the word “nylon” is not a trade mark in the 
United States, but isin France. Also one and the sume 
material made in several different countries or by several 
different firms in one country may have as many ‘lil- 
ferent names. This is the case with polyester filer, 
which is marketed in different countries under the tol: 
lowing names: “Dacron,” ‘Terylene,” ‘“Trevi",’ 
“Diolen,” ‘‘Terlenka,” “Terital,” and ‘‘Tergal.”” 
marks should always be written in a distinctive maniicr 
and preferably be used in conjunction with the apj'0- 
priate generic phrase. There are also certain patenied 
processes which are known by different words in «1i!- 
ferent countries, for example ‘“sanforize” whicli 
known as “sanforiser” in France, ‘“sanforiseren’ 1! 
Holland and “sanforisieren” in Germany. 

The conversion of units from one system to anothe: or 
the conversion from one form of currency to another | 
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often entrusted to the translator, but it is best left to the 
mathematician ‘or accountant, from whom such infor- 
mation should be obtained if it is desired to incorporate 
jt in a translation. Conversions should however be 
c:refully checked, at least for the correct order of mag- 
nitude, in translations of patent specifications prepared 
for overseas filing. 

The criteria of a good translation vary considerably, 
depending on the material to be translated. In techni- 
cal work, the subject matter is of prime importance, the 
style being of secondary importance. In this respect 
we may compare a technical translation to a classical 
work and a literary translation to a romantic work. It 
is for this reason that technical works are seldom (at 
least wittingly) translated more than once, whereas 
there are countless translations of Goethe’s ‘‘Faust”’ and 
Homer’s Iliad.” Scientific translations are read purely 
for the information they contain, which does not_ of 
course mean that style should be completely neglected, 
but that it should be subordinate to accuracy in repro- 
ducing the subject matter. 


TRAINING FOR TRANSLATION WORK 


The need for translations and translators will continue 
until and unless scientists decide to publish their find- 
ings in better known languages, or they can be made to 
learn to read foreign languages for themselves. 

It is very difficult to lay down firm principles as to 
which are the main scientific languages today, since they 
differ from industry to industry. Apart-from English, 
German, and French, the next most important-could be 
any one of Russian, Japanese, Dutch, Italian, Spanish, 
or Swedish. Suffice to say that at the moment one half 
of the world’s scientific literature is written in languages 
that one half of the world’s scientists cannot read. 


In order to be able to produce satisfactory transla- . 


tions, the translator must fulfill three requisites. He 
must have a first-class up-to-date (most important!) 
knowledge of the foreign and ‘‘target” languages, a good 
knowledge of the subject matter to be translated and its 
terminology, and last but not least a good style in the 
target language. Of these the first requirement is pcs- 
sibly the most important, since without it, the others 
may just as well not exist. 

There are in England no formal courses of training 
either for translators or interpreters as there are in many 
European countries, for example Germany, France, and 
Switzerland. Certain large firms employing several 
translators do however train their translators, who come 
in as honors language graduates, by offering as much 
background information and help as possible for in- 
creasing and developing their technical knowledge. 
This takes the form of talks by subject specialists and 
visits to factories and plants. Salary differentials are 
in most cases such that those with scientific training and 
auxiliary linguistic knowledge do not, except on a part- 
time or free-lance basis, undertake translation work, so 
tha most translators are primarily linguists who ac- 
quire by use and experience the necessary technical 
background which enables them to cope with the ma- 
teria! they are called upon to translate. 

M ost honors science graduates in English universities 
will have taken a so-called “reading course” in French 
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and German, but in general this hardly places them in 
a position to deal efficiently and rapidly with scientific 
texts in those languages, even on their own particular 
subject. Recognition grammar together with a basic 
general and specialized subject vocabulary are the re- 
quirements to be fulfilled, and much research into 
methods for imparting this knowledge is required. It 
is interesting to note that most continental research 
workers and scientists are expected to be their own 
translators, and many of them, for example the Dutch 
and Scandinavians, succeed admirably in this, at least 
as far as English, French, and German are concerned. 

There are several useful aids for the scientist who 
wishes to acquire linguistic skill. These include multi- 
lingual publications where the same material may ap- 
pear in two or three different languages and school text- 
books used in the foreign country in question. In the 
latter case the subject matter is familiar, so that the 
scientist can concentrate on the lingvistic problems. A 
system of ‘‘triangulation’’ can also be applied in certain 
cases where the language it is desired to learn is closely 
related to two known languages. Thus those who know 
English and German can apply this knowledge to learn- 
ing to read Swedish or Dutch. This system is however 
safer in the hands of a linguist than of a scientist, for 
guessing is seldom inspired and cannot be risked, while 
a little knowledge (or dictionary) can be a very danger- 
ous thing. 

From the translator’s point of view the ideal to strive 
for is a mastery of a number of languages covering one 
subject, rather than one language covering a number of 
subjects, for in the former case the subject matter and 
the target language remain the same, whereas in the lat- 
ter case, with ever increasing specialization, the trans- 
lator, and even the scientist, are virtually in an impos- 
sible position. Thus a translator is far more likely to be 
successful in translating texts on organic chemistry 
from German, French, Russian, and Finnish into Eng- 
lish than texts on botany, geology, and textiles from 
German into English. 

Finally, what prospects are offered to the person 
choosing technical translating as a career today? The 
present situation in England may be considered qualita- 
tively, though not quantitatively, comparable to the 
American situation: About 50 vacancies for translators 
in industrial firms are advertised annually, and a recent 
conference on problems associated with technical trans- 
lating held in London was attended by 200 translators 
representing government departments, industrial firms, 
translation bureaus, and private or free-lance transla- 
tors. This will give readers some idea of the size of the 
profession in England. 

In general, translators are considerably better paid 
than librarians, slightly better paid than school teachers 
(but less well paid than university staff) and slightly 
worse paid than scientists. Remuneration for technical 
translating is much better than for literary translating, 
and the translation of short articles and papers pays 
better than translation of books, where in most cases 
the translator receives a lump sum and does not share in 
royalties, although he has the task of proofreading and 
seeing the book through the press. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


TECHNICAL EDUCATION AND DEVELOPMENT IN 
AN INDIAN ENVIRONMENT 


Tus article is a brief and necessarily incomplete 
account of the experiences of the author while serving 
for two years as Visiting Professor of Physical Chemistry 
at the Indian Institute of Science in Bangalore, 
South India. This opportunity was given him by 
the University of Wisconsin which, under contract 
with the International Cooperation Administration 
(ICA), has a sisterhood arrangement with a number of 
Indian institutions under which it locates suitable 
American engineers and basic scientists to serve as 
temporary faculty in India. In my case the specific 
assignment was to introduce new lines of research at 
the Institute and to help plan for an authorized ex- 
pansion of the program in physical chemistry at a 
postgraduate level. Mrs. Vold was also active in the 
teaching and research program of the Institute even 
though she held no salaried position. 

The ICA is the successor to the old Point IV Program, 
and is authorized to furnish technical assistance to 
foreign governments which request it. In India this 
program operates through the Technical Cooperation 
Mission (TCM) with headquarters in New Delhi in 
the American Embassy. It is responsible for the 
administration of a wide variety of technical services, 
including the procurement, maintenance, and super- 
vision of American experts in such fields as agriculture, 
home economics, engineering construction, public 
administration, etc., and of specialists in research and 
education to work with their Indian counterparts 
toward the expansion and improvement of the Indian 
educational system. 

The Indian institution which desires assistance 
initiates matters by making a request to the Ministry 
of Education of the Government of India specifying 
the fields in which it wishes visiting personnel and the 
reasons why they are needed, and suggesting suitable 
candidates if such are known. The Ministry of 
Education, after screening these requests, contacts 
TCM with respect to whether the approved proposals 
can be filled. The next step is consultation between 
TCM in New Delhi and the ICA in Washington as 
to the adequacy of budgets, whether the new 
proposal fits under any of the existing contracts, or 
whether a new contract must be negotiated. In the 

1 Presented in part before a meeting of the Pacific Southwest 


Association of Chemistry Teachers in Los Angeles, Calif., October 
5, 1957. 


ROBERT D. VOLD 
University of Southern California, Los Angeles 


case of educational contracts the actual recruitment and 
selection of American professors to go abroad is very 
wisely left to American university authorities, subject 
to final ICA approval. 


SOME ASPECTS OF LIFE IN INDIA 


, Any consideration of Indian educational objectives 
must be based on some understanding of the conditions 
and the society to the needs of which the educational 
and technical development program must be geared. 
Above all, India is a land of tremendous contrasts, 
both physical and psychological. The houses of the 
well-to-do are spacious and gracious, surrounded by 
blooming gardens, while the poor live in windowless 
mud huts subject to disintegration when the rains 
come. The Marina in Bombay is as elegant a boule- 
vard, lined with modern apartments, as any in Paris, 
while the streets of a village are typically unpaved, 
narrow, and filled with people, animals, and filth. 
Less than fifty miles from a completely modern steel 
plant is a tribal area where the men still augment 
their scanty food supply by hunting with bow and 
arrow. A modern chemical plant will be engaged in 
the manufacture of ammonia using the latest develop- 
ments in catalyst research, and controlling reactions 
at high temperatures and pressures, while a small 
plant will be making sodium silicate with no instrumen- 
tation whatsoever. The manager of a large factory 
may be completely satisfied with operations as they are, 
and be happy that unemployment is being somewhat 
alleviated by farming out part of the operation to 
cottage industry workers who come to the plant to 
get the semifinished product and return it for ‘inal 
manufacture after their bit of piece work at hvme. 
His second in command is as likely as not to be intensely 
dissatisfied over the high rejection rate resulting trom 
inadequate control of the processing steps, and impa- 
tient over the difficulties encountered in attem) (ing 
to procure and install the modern instrument ion 
and equipment which he knows to be so badly nevded 
but the value of which is not thoroughly under-' ood 
by his superior. 

Although there are big power plants in some «’ the 
factories and textile mills, and extensive use of h) :lro- 
electric power, India is primarily a land of hand | \)or. 
Baskets, pots, garden produce, and such items 0m- 
monly move from the point of origin to the poi it of 
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eousumption on the head or shoulders of the individual 
Indian, both male and female. Water for irrigation 
is raised from wells or rivers to the level of the canals 
by either a man or a bullock. Although railroads 
and some truck lines are available for long distance 
tr: nsportation, most goods in the country at large 
ar’ hauled in bullock carts. Highways are built by 
ga:igs of a hundred or more men and women coolies, the 
women breaking the rock into gravel, carrying it in 
he:d baskets, and sweeping the dust off the surface 
with whisk brooms, while the men melt the tar, spread 
the gravel, and tamp it all in place. Huge dams for 
irrigation and power are in some places being similarly 
constructed by hand, the rock being chipped out 
with a pick, and the fill carried in individual head 
load by individual head load. Such methods may 
seem hopelessly primitive but the important point is 
that the job is being done with the means at hand 
rather than being left undone because modern ma- 
chinery is unavailable. The utmost admiration is 
due the indomitable spirit of a people willing to under- 
take such Herculean tasks with such slender resources. 
. The over-all poverty of the people is appalling to 
anyone accustomed to the American standard of living. 
In the big cities thousands of people eat, sleep, and live 
in the streets. The bulk of the population is inad- 
equately housed, inadequately fed, and dressed in 
rags. Beggars abound in every town and village, 
and some of the road-walkers in the country are all 
too reminiscent of pictures of famine victims. The 
limit of the horizon for many such people is quite 
obviously a worried quest as to where tomorrow’s 
rice is coming from. At the other end of the scale 
there is a considerable class of as well dressed, highly 
educated, extensively traveled, well informed, and 
genuinely cultured people as can be found anywhere in 
the world. 
Another characteristic of Indian life is the relatively 
‘great direct participation of government in industry. 
A power plant is likely to be government-built and 
operated, as also a steel mill, a drug factory, a plant for 
separation of rare earths, etc. This at first seems 
strange to one accustomed to the usually greater 
efficiency of private enterprise as contrasted with 
government operation. But it soon becomes evident 
that something of the sort is virtually unavoidable in 
India for the simple reason that there is not enough 
private available capital to undertake these enterprises. 
In many cases unless the government did step in and 
build and operate the plants there would not be any, 
and the country would have to do without the product, 
since as likely as not foreign exchange could not be 
found to pay for its importation. 
_The Planning Commission charts the general direc- 
tion of the economic program for each five-year period, 
and, after full debate and possible amendment by 
Parliament, it is put into effect to the limit of the 
available resources. This system has one interesting 
corollary, in that social objectives, such as alleviating 
une! ployment or contributing to the economic recovery 
of a depressed area, enter into plans for industrial 
oper: tions and expansion rather than concern only for 
the «ficiency of the operation and the profit to be 
made from it. It should be emphasized, however, 
thai this form of socialism is not related to the economic 
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dictatorship of communism, since in India the final 
authority rests in the hands of a Parliament which is 
chosen by elections as free as our own. There is 
complete religious freedom, with peaceful coexistence 
of Muslims, Hindus, and Christians, and the press is 
not only allowed to be but often is extremely critical 
of the government. 

Perhaps the most hopeful aspect of the Indian 
picture is the genuine respect shown for learning and 
the learned man, in violent contrast with the American 
tendency to stigmatize the serious and educated class 
as “eggheads.” This attitude leads to the inclusion 
of scientists and professors in the top levels of govern- 
ment where serious weight is given to their opinions 
in the formulation of national policy. For example, 
Dr. J. C. Ghosh, ex-professor of chemistry, is a member 
of the powerful Planning Commission. Prime Minister 
Nehru is personally concerned with the deliberations of 
the Council of Scientific and Industrial Research, 
and himself opens the Indian Science Congress each 
year and addresses the group. Distinguished visitors 
to India, traveling as guests of the government, are 
generally routed through Bangalore in order that they 
may visit the Indian Institute of Science as an example 
of one of the leading technological institutions in the 
country. These include not only eminent foreign 
scientists visiting universities and research institutions 
after participation at the Indian Science Congress, 
but a great variety of political figures as well. Thus, 
as a courtesy member of the Institute Senate, during 
my two years in India I shook hands with such person- 
alities, among others, as Vice-President Hatta of 
Indonesia, Haile Selassie, Emperor of Ethiopia, the 
Shah of Iran, the Dalai and Panchen Lamas, Bulganin 
and Khrushchev, Chou-en-Lai, and the King and 
Queen of Nepal. Similar experiences certainly do not 
fall to the lot of a university professor in the United 
States. 


SOME PROBLEMS OF THE YOUNG SCIENTIST 


The most immediate difficulties confronting the 
professional man and the young technical graduate in 
India are those due to widespread unemployment and 
very low salaries. An advertisement for a position as 
laboratory assistant at the Institute—a permanent-but 
low pay post with no chance for advancement—drew 
132 applications. All of these were from university 
graduates with science degrees, perhaps one quarter 
of them having first class honors. About a fourth 
of the group had been teaching from two to five years 
at various colleges, and another quarter were from 
candidates who had not yet succeeded in finding any 
work even though they had been out of school for one 
to three years. A published survey of Lecturers’? 
salaries at one of the Indian universities showed that a 
family with two children would inevitably go deeper 
into debt each year unless outside funds were found to 
augment the income. A completely reliable peon 
(combination office boy, janitor, and laboratory helper) 
who had been employed for eight years was without 
work for three years after his job was terminated as a 
retrenchment measure. Even when he was ultimately 
rehired his salary was still only $14 per month after 
including all allowances. 


2 J. Assoc. of Scientific Workers of India, June, 1955. 
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Another difficulty is that with a few exceptions there 
is no pre-existing system capable of absorbing the new 
technical graduate smoothly, giving him practical 
training in the application of his science, and utilizing 
his ability effectively. Altogether too few of the 
management group appreciate what application of 
modern methods could do for the quality and quantity 
of their production. Consequently the new graduate 
frequently is forced to make his own opportunities, 
and must first “sell” a conservative management on 
the value of industrial research and development. 
Moreover, he sometimes encounters difficulties in 
securing appropriate employment because of some 
tendency toward nepotism and sectionalism on the 
part of appointing officers. 


UNDERGRADUATE EDUCATION 


With the exception of a few oustanding centers most 
of the colleges at which the bulk of the Indian students 
receive their training are poorly equipped, understaffed, 
and badly overcrowded. The overcrowding is in 
part a result of the requirement of a university degree 
for most government appointments, with the conse- 
quence that large numbers of students register for a 
B.Sc. in a science curriculum who have no intention of, 
and would be given no opportunity of becoming 
practicing scientists. Most universities are commonly 
regarded as being exclusively teaching institutions 
with little appreciation of the necessity for research 
activity on the part of the staff to insure adequate 
teaching. Teaching loads run as high as 24 contact 
hours per week, and no real authority or voice in 
setting policy is intrusted to the men actually doing 
the teaching. It is surprising not that the graduates 
should be lacking in some respects but that they 
should be as well trained as they are in view of all 
these adverse factors. 

The general program of undergraduate education is 
superficially similar to that of a British university but 
with certain local adaptations. The student attends 
lectures and laboratories for two years after entering 
the university before taking his first examination, the 
so-called Intermediate Examination. In the past 
a common pattern has been that at this point some 
fifteen or twenty chemistry students would be selec- 
ted—partly on the basis of merit and partly on the basis 
of connections—for a three year program leading to a 
B.Se. (Honors) degree while the remaining 1200 or so 
would be assigned to a two year program leading to a 
B.Se. degree. Obviously the Honors group can be 
given a great deal more laboratory experience and 
individual attention, but there is considerable danger 
of their being overspecialized. Thus the B.Sc. graduate 
may have had more mathematics than the B.Sc. 
(Honors) man whose time is too completely filled with 
chemistry. 

In either case, however, there is no further testing after 
the Intermediate until the B.Sc. examination at the end 
of the course of study. This examination is prepared 
and graded by examiners outside the home state of the 
university. In both cases too much emphasis is 
placed merely on ability to memorize and to repeat the 
expected answer, and too little on ability to reason and 
to use the material studied. It is entirely possible for a 
student to complete such a program successfully and 
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still be totally unable to solve a simple quantitati-e 
problem. Moreover, although students may have seen 
some instruments exhibited at lecture demonstratio:s, 
all too many of them never will have used anything 
beyond a balance or buret in their own laboratory 
work. 


THE INDIAN INSTITUTE OF SCIENCE 


The Indian Institute of Science is one of the premier 
scientific and engineering centers in India, performing a 
function somewhat like that of a combination of the 
California Institute of Technology, the National 
Bureau of Standards, and the Mellon Institute of 
Industrial Research. It is devoted about 75% to 
engineering and 25% to basic science, with a large 
volume of government-sponsored research in both 
areas, and a training program leading to higher degrees 
in science and professional degrees in engineering. 
The admission standards are high, and the students, 
unlike those in the typical university, come from all 
different parts of the country. The facilities for 
research are excellent with adequate modern instru- 
mentation, abundant supporting staff (as a Professor 
I had a private secretary, personal laboratory assistant, 
and peon at my disposal, in addition to the general 
shop and glassblowing facilities), a remarkably complete 
library, and very able although frequently poorly 
prepared students. The light teaching load and low 
student-faculty ratio (2'/. to 1 in the Physical and 
Inorganic Chemistry Department) would be the envy 
of any American university professor. 

In the sciences the nature of the advanced program 
was patterned after the British model, with the Ph.D. 
(or Membership of the Institute) awarded exclusively 
for submission of a satisfactory thesis with no examina- 
tions or required courses beyond the B.Sc. (Honors) or 
M.Se. degree. Judgment as to the adequacy of the 
thesis submitted is not intrusted to the Institute itself 
but is left to the recommendation of external examiners, 
preferably foreign authorities. There is a very strong 
tradition of the importance of research, due at least in 
part to Raman’s incumbency as Director of the Insti- 
tute. However, there was a considerable tendency for 
some of the student research to be slanted along lines 
likely to be of commercial interest rather than of 
optimum value for training independent scientists, 
partly because of the greater ease of securing financial 
support for such work and partly because of a feeling 
that such “practical” training might make it easier 
for the graduate to find a job. 

In order to acquire sufficient background so as to 
adapt American methods in such a way as to best 
serve the needs of the Institute and the Indian economy, 
arrangements were made for us to visit many National 
Laboratories, universities, and industrial research 
laboratories, and to confer with various important 
men in educational, governmental, and indus'rial 
circles. These visits gave us some acquaintance 
with the research programs deemed important for 
the development of the country, with the conditions 
under which graduates of the Indian Institute of 
Science would work, and with the qualities sought by 
their potential employers. It was particularly grati- 
fying on these trips to be accepted by our hosts as 
representatives of the Indian Institute of Science 
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seeking to improve its program rather than being 
regarded as outsiders merely touring the country. 

In addition to research activities our efforts at the 
Institute were devoted in part to devising means for 
overcoming defects in the prior preparation of the 
research students. There was already in operation an 
intensive course of laboratory experiments designed to 
acquaint students with modern instruments and to 
improve their technique. To this, as further prep- 
aration for research, were added survey courses in 
physical and in inorganic chemistry with special 
emphasis on a problem-solving approach, and with 
periodic examinations. Discussion of the necessity 
of advanced course work beyond the M.Sc. level in 
order to equip students for the prosecution of genuinely 
significant research also occupied a good deal of faculty 
time. Most American universities are guilty of 
requiring too many graduate courses of their students, 
but even this extreme is less harmful than the Indian 
extreme of requiring almost none at all. 

In order to accomplish the desired objectives it 
was necessary that our Indian colleagues should 
themselves appreciate the validity of this philosophy 
of graduate education, and themselves take the lead 
in introducing any changes in the existing program. 
Accordingly numerous staff meetings were held, 
attended by all the teaching personnel in the depart- 
ment, at which all these matters were debated, proposed 
actions approved by the consensus of the group, and 
later on the results obtained were discussed and 
evaluated. Such a democratic procedure is in itself 
rather unusual in India since there, as in Europe, the 
Professor has essentially dictatorial power, and al- 
though he may consult other members of his staff he is 
under no obligation to do so. That this program 
should have been successful at the Indian Institute of 
Science is a tribute to the tact and understanding of 
Professor K. R. Krishnaswami, who was willing to 
encourage the younger staff members to speak their 
minds even when in disagreement with their superiors. 

Smaller group discussions devoted to consideration 
of the research program with special reference to the 
significance of the work to be undertaken and the 
synergistic value of other work going on in the depart- 
ment were particularly stimulating. Inevitably these 
discussions also touched on the value of the results 
themselves to the national economy as well as on the 
role of the Institute as a training ground for future 
leaders of the Indian chemical industry rather than 
for mere technicians, no matter at how high a level of 
competence. We found this experience in group 
planning, with careful advance appraisal of the poten- 
tial importance of the work from the standpoint of its 
contribution to basic science and general theory, 
to be a more effective technique than simply leaving 
the problem to the individual faculty member and his 
student. 


OTHER LABORATORIES AND SCIENTIFIC BODIES 


In a very real sense the Government of India has 
based its hopes for the future on the belief that science 
can raise the productivity of manufacturing and 
agriculture in India sufficiently rapidly so the average 
Indian will experience some improvement in his 
Standard of living before he becomes so dissatisfied 
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with his lot that he falls an easy prey to the siren song 
of communism or some other form of dictatorship. 
Consequently, in addition to the usual complement of 
professional societies concerned with subject matter, 
there are many governmental bodies actively engaged 
in helping to improve facilities and develop more 
important programs of work at universities and other 
research and development establishments throughout 
the country. Thus the Council of Scientific and 
Industrial Research, in addition to directing the 
National Laboratories, makes grants in aid to individual 
scientists and institutions much as does our National 
Science Foundation. The University Grants Com- 
mission, which numbers among its membership some 
of the more important men in the country, has as one 
of its tasks improvement of the quality of graduates in 
the sciences. One form their assistance takes is the 
making of grants to university departments to permit 
the purchase of apparatus and, in some cases, to permit 
the construction of new laboratory facilities. The 
Ministry of Education also has a special department 
devoted to technical education which is actively 
concerned with improving the quality of the program 
at the different institutions. 

Sixteen National Laboratories are now in operation, 
including the National Chemical Laboratory in Poona 
and the National Physical Laboratory in New Delhi, 
and others devoted to specialized fields such as fuels, 
glass and ceramics, electrochemistry, foods, ete. 
These somewhat resemble the Regional Research 
Laboratories of the Department of Agriculture in the 
United States. However, their function is broader and 
also includes many of the activities found in large 
industrial research and development laboratories in 
this country, except that the program is directly geared 
to national interests rather than to company profit. 
In general, the work tends to be developmental re- 
search but with sufficient attention to fundamental 
investigations to challenge the imagination of their 
workers and to develop some backlog of basic theory 
for future exploitation. For example, the National 
Glass and Ceramics Laboratory has a program of 
survey and characterization by all modern techniques 
of all the types of clay available in India, and a proc- 
essing demonstration showing how indigenous clays can 
be used to produce just as high quality china as that 
made with expensive imported ball clays. The Fuel 
Research Institute not only tests the suitability of 
various coal deposits for metallurgical coke but also 
carries out work on the synthesis of chemicals derived 
from coal and on the structure of coal, and explores 
possible uses for low rank coals as ion exchangers and 
soil conditioners. 

Other important laboratories include those of the 
Atomic Energy Commission in Bombay and the Tata 
Institute of Fundamental Research. Since India is 
deficient in conventional energy resources there is 
much greater emphasis there than in the United States 
on the rapid development of atomic energy as a feasibly 
available source of power for industry and agriculture. 
Some of the government-operated plants, such as that 
for synthetic ammonia at Sindri or for separation of 
rare earths at Alwaye, maintain small laboratories for 
research, development, and control much like those of 
an American company. Likewise the larger private 


companies such as Lever Brothers, Burmah-Shell, 
and the Tata Iron and Steel Co., utilize laboratory 
control in connection with their manufacturing opera- 
tions, but again these are devoted mostly to analysis 
and trouble shooting with only minor attention to 
development of new methods or new products. This 
situation, however, is likely to change rapidly since 
there is a growing realization that it is no longer 
satisfactory for the country to rely so heavily on an 
imported technology which is not necessarily best 
adapted to Indian conditions and materials. 


FOREIGN AID 


In all these efforts India has received considerable 
external assistance, particularly from our own Technical 
Cooperation Mission, the Commonwealth Colombo 
Plan, and certain of the United Nations organizations. 
In addition there has been a lesser but still significant 
contribution to Indian educational and technological 
development by the Russians, West Germans, Japanese, 
and others. The Russians, for instance, are providing 
funds for construction and initial operation of the 
Western Technological Institute in Bombay, to be run 
according to Russian curriculum practices. This 
will afford an interesting direct comparison of the 
results of Russian and United States approaches to 
higher technological education, since the Indian 
Institute of Technology at Kharagpur is to a certain 
extent modeled after the Massachusetts Institute of 
Technology. 

There are many reasons why foreign aid such as we 
have been extending to India is one of the most worth 
while of the United States government programs. 
First of all, anyone who takes Christianity seriously 
must recognize an obligation to help those in other 
parts of the world who are so much worse off than are 
we. Our most destitute live in relative luxury com- 
pared to the conditions under which the impoverished 
masses of India exist. Nor is American aid to India a 
fruitless dole or an unwanted give-away program. 
Rather it is an essential priming of the pump directed 
toward increasing productivity and helping Indian 
personnel themselves to develop the organizational 
ability, the industrial foundation, and the technical 
competence necessary to support a higher standard of 
living. 

But there is another cogent argument in favor of 
continued foreign aid, and that is the necessity of 
protecting ourselves against international communism. 
Strengthening of the free world economy is our best 
defense against totalitarianism, and this is particularly 
true in India. For the Indians see China, an under- 
developed, primarily agricultural nation like their own, 
advancing into modern times under a communist 
regime, and the Russians never let them forget the 


+ 


technological advances made in Russia within a sing!» 
generation, allegedly all resulting from the devote:| 
interest of a communist government to the welfare 


of all the people. Unless the Indian government js 
successful in its efforts toward economic and soci. 
betterment there is serious question whether democrai ic 
government in India can survive. That there should 
be a number of dedicated Americans working in India 
is in itself a helpful countermeasure against communist 
propaganda, since no Indians who have worked closely 
with our people are likely to believe the lies which ire 
told about us and our country by our enemies. One of 
the most effective agencies for making the truth 
known is the United States Information Service, 
which maintains libraries all over the world. These 
libraries engage in no blatant propaganda campaign 
like the Russian radio, but make available a selection 
of typical magazines as well as books, including college 
texts and reference works, from which the foreign 
national can form his own opinion of our country and 
its culture. They also generally make the local 
arrangements and sponsor visiting lecturers and 
artists sent on tour by the State Department, and 
act as an intermediary clearing house exchanging 
information between Indians who have visited the 
United States and those interested in doing so. 


It should certainly be mentioned that the aid 
extended has been received by the Indians with genuine 
appreciation, and that they have shown an eager 
willingness to learn and to experiment with new 
approaches, and a marked ability to adapt foreign 
ways to local conditions. “ This attitude manifested 
itself in one sense in the warm welcome we received 
from all levels of the population. On our trips we 
were welcomed by the Directors of Laboratories and 
housed in private guest houses with a cook and bearer 
at our disposal. When Mrs. Vold and I attended the 
Indian Science Congress in Agra a Professor at the 
University insisted that we must occupy the best room 
in his own house. At Christmas time an impoverished 
peon at the Institute scraped together enough money to 
present us with a basket of fruit and flowers. The 
mothers of the Girl Guides and the various administra- 
tive leaders—including Lady Raman—freely  wel- 
comed Mrs. Vold into their fellowship. On our 
departure the students at the Institute presented 
us with a book of photographs with the inscription: 


To love is nothing. 
To be loved is something. 
To love and be loved is everything. 


Obviously a dedication to science and a measure of 
toleration can and do bridge tremendous differences 
in political, economic, and cultural background. 
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* A TEMPERATURE-SENSITIVE STIRRING ROD 


who has ever laboriously prepared atliquefied 
gas—then watched his product evaporate while he 
frantically tried to seal it in glass—will remember the 
incident as particularly frustrating. One day, suc- 
cumbing to a diabolical urge to share this experience 
with our students, we devised a laboratory exercise 
which turned out to have considerable merit. It 
is a real test of laboratory skill, engaging the attention 
of the very best students. At the same time it is tan- 
talizing enough to interest even the most indifferent of 
their classmates. It requires little by way of equip- 
ment. It illustrates visually a number of important 
points about distillation, condensation, and storage of 
gases under pressure. It provides laboratory experience 
with oxidation-reduction reactions of nitric acid and 
metal nitrates. Finally, because of the well-known 
dimerization of NOs, the student provides himself with 
an interesting little conversation piece, a stirring “rod” 
which indicates the approximate temperature as he 
uses it to stir hot water, cool water, or ice water. The 
experiment is quite flexible, for the instructor may 
change its length, not only by changing his standards 
of what constitutes an acceptable product, but by start- 
ing at different points in the preparation. If hoods are 
available the class may begin with lead and nitric acid 
as described here. If hoods are not at hand, or if the 
period is brief, a small amount of previously dried lead 
nitrate could be issued. For grading purposes, the 
instructor can easily determine the purity of the stu- 
dent’s final product (freedom from both solids and 
Water), simply by noting the appearance and color. 


DIRECTIONS FOR THE EXPERIMENT 

Nitrogen(IV) oxide, NOs, is a red-brown corrosive 
gs with a characteristic odor. Because its boiling 
point is close to room temperature, the gas is easily 
liquefied and may be safely stored in séaled glass tubes. 
At lower temperatures, two molecules of NO» associate 


‘ Present address: Alfred University, Alfred, New York. 
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to form a colorless dimer, dinitrogen tetroxide, N2Ox. 
Although the gas is easily made by the thermal de- 
composition of heavy metal nitrates, certain precautions 
are necessary if a pure product is to be prepared. Not 
only must the chemicals and apparatus be thoroughly 
dry, but because the NO; readily attacks cork or rubber 
stoppers and rubber tubing, the apparatus must be 
made entirely from glass. 

Preparation of Lead Nitrate: Place about three grams 
of lead in an evaporating dish in the hood, and treat 
with dilute nitric acid. Heat carefully, keep the mix- 
ture will stirred, and add fresh acid from time to time 
as is required to keep the reaction vigorous. When 
the last of the lead has dissolved, remove the excess 
acid and the water by evaporation. Stir the wet 
paste constantly to avoid spattering. Do not overheat, 
for excessive temperature will decompose the solid. 
Be certain that the final product is dry, for the purity 
of the NO» to be made will depend upon the care with 
which this evaporation is carried out. 

Preparation of Receiver: Completely seal one end of 
a 25-cm. length of 8-mm. glass tubing and constrict the 
tube slightly at a point about 15 cm. from the sealed 
end. If desired, a small bulb may be blown on the 
sealed end, but the walls of the bulb must be kept thick. 
Any moisture condensed in the tube during the blowing 
operation should be carefully removed. 

Preparation of Generator: Place the dried lead nitrate 
at the bottom of a soft glass test tube* keeping the solid 
from coming in contact with the side walls by means of 
a rolled paper. Be sure that all paper is removed be- 
fore heating. Holding the test tube by the ends, rotate 
the center in the hottest part of the Bunsen flame, 
keeping an angle of about 20° with the horizontal. 
When the glass is thoroughly softened, pull the ends 
60 cm. or more apart with a rapid, steady pull. Let 


2 These test tubes must have reasonably thick walls. Experi- 
ence has shown that the light-weight thin-walled variety cool 
off too fast to be satisfactorily drawn out. The lead salt should 
be kept off the surfaces to be softened, because the lead oxide 
formed on heating dissolves in the glass and weakens it. 
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the glass cool, and break off the capillary close to the 
open end. Now make a bend in the capillary, close to 
the point where it joins the test tube. Use the smallest 
possible burner flame. Grasp the test tube firmly with 
fingers of both hands to hold it as steady as possible. 
Point the capillary end upward at an angle of about 
45°, and pass the point to be bent slowly over the flame 
at a considerable height above it. During the instant 
that the thin glass is softened, gravity will provide the 
needed bending force.* 

Preparation of NO: Insert the capillary tip of the 
generator to the bottom of the constricted receiver 
tube. Set the receiver upright in a graduate or large 
beaker and surround it with an ice-salt mixture. Clamp 
the generator in position, and begin heating it gently to 
produce NO». When a sufficient volume of liquid has 
collected in the receiver, stop heating the generator. 
Withdraw the capillary, carefully. 

Sealing the Receiver: With the lower end of the con- 
stricted tube still immersed in the ice-salt mixture, 
seal the tube off at the constriction. This is best done 
by holding the tube steady and moving the burner, 
applying the flame evenly to all sides of the constriction. 
Grasp the tube at the open end with tongs, and heat 
until the glass collapses. Draw off the upper portion 


3 The instructor who has learned the knack can make a gener- 
ator in front of the class in about a minute and a half. After 
being shown how “easy” it is, his inexperienced students will 
work, seemingly for hours, trying to duplicate the feat. 


GENERATOR 


RECEIVER 


and allow the seal to cool thoroughly before removing 
the tube from the ice-salt bath. This operation has 
to be done right the first time, as there is little chance 
for success on a second try. 

When thoroughly cool, use the sealed tube to stir 
samples of hot water, cool water, and ice water. Note 
and explain any significant changes. 


To the Editor: 

In reply to the proposals of James E. McDonald (J. 
Cuem. Epuwc., 35, 205 (1958)) that the words ‘‘subli- 
mation” and “deposition” be used to denote solid-to- 
vapor and vapor-to-solid phase transitions, respectively, 
I would like to make the proposal that these phase 
transitions be termed SG- and GS-transitions, respec- 
tively. In other terms, by use of the initial letters S, 
F, G to denote the solid, fluid, and gaseous states 
(initials also appropriate in French and German) it is 
possible to represent in a perfectly clear way the six 
possible common types of transition between the three 
states of matter. 

The continuance of the use of the word ‘subli- 
mation” is open to objection on several grounds; it is 
ambiguous, since it may mean (to physicists and some 
chemists) the SG-transition, or (to meteorologists) the 
GS-transition, or (to alchemists and chemists) the SGS- 
cycle of transitions, as James E. McDonald (loc. cit.) 
clearly points out; it surely means to many scientists 
the formation of a sublimate, by analogy with such 
terms as freezing (the formation of frost), or melt- 


ing (the formation of a melt), vaporization (the forma- 
tion of a vapor), or condensation (the formation of a 
condensate) and in this sense is synonymous with 
deposition (the formation of a deposit). 

James E. McDonald also would have us retain the 
use of “freezing’’ to signify the FS-transition, but it is 
really only the formation of frost; it would be just as 
correct to call all GS-transitions ‘“‘riming”’ (the forma- 
tion of rime) or “‘hoar freezing” (the formation of hoar 
frost) or to call all SF-transitions ‘‘thawing.” The 
word “‘evaporation”’ is clearly ambiguous, since it meats 
the formation of a vapor and so applies equally to /'G- 
and SG-transitions. 

The proposal to use initial letters is easily extended 
to possible or actual phase transitions involving difier- 
ent phases of the same kind; a solid-solid transition is 
an S,S2-transition; a meritectic transition (binary in- 
congruent melting) and ternary semicongruent me'it- 
ing are S,(S.F)-transitions; binary incongruent vapor- 
ization (Smith, Norman O., J. Cuem. Epuc., 35, 128 
(1958)) is an S,(S.G)-transition; ternary incongruent 
melting is an S,(S2S;F)-transition. The proposal is 
also suited to deal with triple-point phase transitions 
(Finptay, A., A. N. CAMPBELL, AND N. O. Smiru, 
“The Phase Rule and its Applications,” Dover Pub- 
lications Inc., New York, 1951, p. 34); for example, 
the four triple points in the sulfur system involve t)e 
phases S,SnF’, SoSmnG, SnF'G, S.FG, where the subserip's 
o and m denote the orthorhombic and monoclinic forms 
of sulfur. 

G. N. CopLey 
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CHEMICAL CALCULATIONS 


Bernard Jaffe, James Madison High 
School, Brooklyn, New York. Third 
edition. World Book Co., Yonkers-on- 
Hudson, New York, 1958. xii + 180 pp. 
14.5 X 20cm. $2.00 


THE newest edition of this old standby 
of the high school chemistry teacher 
represents little more than a reprinting of 
the original text, now more than 30 years 
old. The major changes involve new 
exerpts from the Regents and College 
Board examinations. With the exception 
of these two revisions and minor changes 
in the tables of chemical prices, atomic 
weights, and in the discussion of sub- 
atomic particles, this third edition is 
almost identical to the second edition. 
No changes could be found in any of the 
1000 problems. As a matter of fact, 
the third edition is only very slightly 
changed from the original edition of 1926. 

This book emphasizes the mechanical 
approach to chemical arithmetic. The 
student is given a series of steps to follow 
in achieving the solution to problems. 
He is told only quite briefly, if at all, 
why the following of these steps will 
result in the right answer. It would 
appear that this emphasis is wrongly 


placed. There is, for the high school 


student, no inherent virtue in being able 
to solve chemistry problems per se. If 
chemical arithmetic has any value, as 
most of us believe it does, this value lies 
in emphasizing the reasoning process, in 
showing exact application of laws and 
principles, and in underlining the pre- 
dictability of matter. The author of 


this book appears to feel that it is much 
more important that the student be able 
to solve problems than know why problems 
are solved the way they are. 

Most of the usually-taught types of 
problems are covered. Notable excep- 
tions to this include equilibrium constant, 
pH, electrochemical equivalent, molality, 
and an adequate treatment of titration 
problems. 

Summing up, a student who studies 
this book will doubtless be able to work 
most types of elementary chemistry 
problems. Nevertheless, he will prob- 
ably not have the faintest idea of why 
that which he has done gives him the 
right answer. 

FRED B. EISEMAN, JR. 
Joun BurrovuGus ScHooi 
Sr. Louis, Missourt 


BASIC PRINCIPLES OF CHEMISTRY 


J. Rae Schwenk and Raymond M. 
Martin, Department of Chemistry, Sacra- 
mento Junior College. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, 1958. 
xi + 400 pp. Many figs. and tables. 
16 X 23.5cm. $6.75. 


“Basic Principles of Chemistry” is a 
rather unique presentation of chemistry for 
above average college students. Although 
it assumes a rather extensive background 
in high school chemistry, it is well-written 
in a clear and understanding way. If 
students do not have an adequate back- 
ground, the book should be accompanied 
by other elementary texts; instructors 
could easily assign selected readings. 
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The book starts logically with an ex- 
planation of the structure of matter. 
Chapters | through 5 discuss the structure 
of atoms, ions, and molecules, chemical 
bonds, and the periodicity and interre- 
lationship of the elements. The chapters 
are short, but few texts present this 
elementary material in a more systematic 
and orderly fashion. 

In Chapters 6 through 13, the “tools of 
chemistry” are discussed. The basic 
requirements for understanding what hap- 
pens when one substance is converted to 
another are presented, namely, measure- 
ments, chemical symbols and formulas, 
naming, equations, laws of chemical re- 
actions, states of matter, chemical equilib- 
rium, and chemical literature. This 
last is most often neglected in other ele- 
mentary chemistry texts. 

The three states of matter—solids, 
liquids, and gases—are discussed in sep- 
arate parts of the text. The part concern- 
ing liquids discusses well solutions, con- 
centration, electrolytes, pH, solubility 
product, complex ions, and other applied 
equilibria. 

Oxidation-reduction is discussed in 
two chapters. Balancing of equations by 
the common methods (oxidation numbers, 
electron transfer, and half-reactions) is 
presented concisely but clearly. Basic 
principles of electrochemistry, nuclear 
chemistry, and organic chemistry are 
likewise presented. Although the dis- 
cussion of organic chemistry is brief as 
compared to many texts, it is given suf- 
ficient attention. 

The questions at the end of each chapter 
are given in the same sequence as the- 
material is presented in the text. They 
are thought provoking and tend to em- 
phasize the application of fundamental 
principles. 

Every instructor looking for a text that 
will stimulate and inspire students to 
original, creative thinking should consider 
this text, which has a laboratory manual 
in which laboratory assignments are 
developed in the same sequence as the 
textbook material. 


CARL WEATHERBEE 
UNIVERSITY 
Decatur, 


PHOTOSENSITORS 


W. Summer, Consulting Physicist, The 
Physiotherapists Association. The Mac- 
millan Co., New York, 1958. xvi + 675 
pp. 14.5 X 22.5 cm. $21. 


Tue title, coined by the author, implies 
that this volume deals with all the de- 
vices which are activated by light. It is 
comprehensive in its coverage of in- 
dustrial applications. Extensive bibliog- 
raphy and list of patents. 

W. F. K. 
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LABORATORY EXPERIMENTS IN 
GENERAL CHEMISTRY AND 
QUALITATIVE ANALYSIS 


George W. Watt, Professor of Chemistry, 
University of Texas. Third edition. Mc- 
Graw-Hill Book Co., Inc., New York, 1958. 
viii + 275 pp. 22 X 28cm. $3.50. 


Tue third edition of Watt’s manual is 
cross-referenced with the new text ‘Basic 
Concepts in Chemistry,” by Watt, and the 
sequence of experiments in Part One 
corresponds to the order of subject matter 
in this text. In addition to rearranging 
the sequence, the author has eliminated 
some experiments, added several new 
ones, and revised those which remain from 
the second (1951) edition. Several ex- 
periments have been improved by de- 
signing them on the basis of “unknowns,” 
and student report sheets have been 
shortened wherever possible. The new 
edition features excellent illustrations by 
James R. Holmes, who also illustrated 
Watt’s new text. 

Part One includes four preliminary ex- 
ercises and 52 experiments. Among the 
latter are three experiments on organic 
chemistry, which were not contained in the 
previous edition. Most experiments now 
include an introduction sufficient to make 
each experiment a self-contained unit. 
This enables the instructor to choose his 
own sequence in assigning the experiments 
and renders the manual adaptable to use 
with other textbooks. 

Part Two is concerned with qualitative 
analysis on a macro scale. The only 
changes from the previous edition are 
minor ones. Twenty-two cations and ten 
anions are considered. 

The appendix includes a complete list 
of chemicals and other supplies required 
for each experiment. 


LAWRENCE P. EBLIN 
UNIVERSITY 
Arnens, 


COLLEGE CHEMISTRY LABORATORY 
MANUAL 


George W. Watt, Professor of Chemistry, 
and LZ. O. Morgan, Associate Professor of 
Chemistry, University of Texas. McGraw- 
Hill Book Co., Inc., New York, 1958. 
262 pp. 21 X 34cm. $3.50. 


“CoLLEGE Chemistry Laboratory Man- 
ual” differs from Watt’s ‘Laboratory 
Experiments in General Chemistry and 
Qualitative Analysis” mainly in employing 
semimicro procedures for qualitative 
analysis. Another difference is that al- 
ternate procedures involving the use of 
hydrogen sulfide or thioacetamide are 
provided for sulfide precipitations. 

This manual was produced by the 
thoroughgoing revision of a similar one 


by the same authors: published: under 


another title in 1953. Several experiments 
have been added, including three on 
organic chemistry. Many experiments are 
now set up on the basis of “unknowns,” 
and student report sheets have been 
shortened wherever possible. 


. instead of 77 pages. 


The expanded discussions that precede 
the directions for performing the experi- 
ments make each experiment a_ self- 
contained unit. The manual is illustrated 
by James R. Holmes. 

The four preliminary exercises and the 
first 52 experiments, which occupy 178 
pages, are identical with what is called 
Part One in the manual reviewed above. 
Qualitative analysis occupies only 68 
(It’s semimicro!) 
Anions precede cations. 

The manual is cross-referenced to Watt’s 
new text, ‘“‘Basic Concepts in Chemistry.” 


LAWRENCE P. EBLIN 
UNIVERSITY 
Aruens, 


PRINCIPLES OF PHYSICAL CHEMISTRY 


Wallace S. Brey, Jr., University of Florida’ 
Appleton-Century-Crofts, Inc., New York, 
1958. viii + 433 pp. Many figs. and 
tables. 16 X 24cm. $7. 


THE complete title of this book is 
“Principles of Physical Chemistry. An 
Introduction to their Use in the Biological 
Sciences.’ As the author states in his 
preface, ‘“This book is intended to acquaint 
the biological scientist with the field of 
physical chemistry and to indicate how the 
understanding of physicochemical prin- 
ciples sheds light on the behavior of mat- 
ter. In addition to the fundamental 
principles of the subject, there are also 
presented some illustrations of the appli- 
cation of physical chemistry to the solution 
of biochemical problems.” 

The book is intended primarily for a one- 
semester course, and the author has the 
usual problem of deciding whether to try 
to cover the whole field of physical chem- 
istry in a ‘“once-over-lightly” manner or 
to emphasize a limited number of topics. 
The reviewer considers that the author 
has done an excellent job in arriving at a 
compromise between these extremes. 

The first chapter on states of matter is 
followed by one on solutions of non- 
electrolytes which includes a good dis- 
eussion of liquid-vapor and liquid-liquid 
phase equilibria in binary systems. Chap- 
ter 3 deals with thermodynamics and 
energy relations. In the application of 
the first law to physical changes, the fact 
that calculus is not presupposed makes 
necessary the presentation of some equa- 


’ tions without derivation, but the discussion 


of the ideas involved is clear and accurate. 
In the discussion of the second law, en- 
tropy is also introduced as a definition, a 
procedure which will not make the con- 
cept clear to most students without 
further work. Chapter 4 on solutions of 
electrolytes includes sections on the 
Debye-Huckel theory, solubility product, 
complex ion stability constants, and con- 
ductance. Chapter 5 deals with acid-base 
equilibria and has a section on physio- 
logical applications. Next is a chapter on 
oxidation-reduction equilibria, with an in- 
teresting section on biochemical oxidation 
reactions, followed by chapters on ad- 
sorption and surface effects, colloidal 
dispersions, and osmosis and membrane 


effects. Chapter 10 deals with kinetics of 
chemical reactions and has a good de- 
scription of enzyme-catalyzed reactions. 
A chapter on radiation and molecula: 
structure follows, and the last chapter 
covers nuclear chemistry. 

The choice of topics is thus not much 
different from most books in this field, anc 
the author has done a good job in pre- 
senting the subject matter clearly. At th: 
end of each chapter there is a set of prob 
lems, with no answers given, and there ar 
also numerous problems worked out i), 
the text. One excellent feature of th 
book is a rather complete list of books and 
articles to which the student is referred for 
supplemental information. 

This book seems to be an excellent one 
for the classes which the author had in 
mind. The material covered in some 
chapters may correspond too closely with 
that covered in many courses in quali- 
tative or quantitative analysis, especially 
Chapters 4 and 5, and some teachers may 
wish to use calculus somewhat more 
extensively. Chapter 6 on oxidation- 
reduction equilibria is especially good, and 
throughout the book biological appli- 
cations are introduced in a meaningful 
way and are closely related to the physi- 
cochemical principles which they illustrate. 
The physical format of the book is good, 
with clear type, good diagrams, and a 
sturdy binding. The price is rather high 
but perhaps not excessive. 


ARILD J. MILLER 
CARLETON COLLEGE 
NorTHFIELD, MINNESOTA 


QUALITATIVE ANALYSIS: AN 
INTRODUCTION TO EQUILIBRIUM 
AND SOLUTION CHEMISTRY 


Therald Moeller, Professor of Inorganic 
Chemistry, University of Illinois. Mc- 
Graw-Hill Book Co., New York, 1958. 
x + 550 pp. 24 figs. 51 tables. 16 X 
23.5 cm. $6.50. 


THERE are several distinguishing fea- 
tures of Professor Moeller’s new book on 
qualitative analysis which will place it 
among the two or three most popular 
texts on the subject. Immediately one is 
impressed with the unusually clean format. 
The large type relieved sufficiently with 
some boldface and the use of generous 
margins may encourage students to read 
the assignments. 

The author has included in the theoret- 
ical section only those topics essential to 
the teaching of qualitative analysis |or 
the purpose of integrating descriptive 
material with chemical equilibrium «od 
solution theory. Extensive cross-referi¢- 
ing is used to keep the student aware of 
the relationships among the various t0})!cs 
and of their applications to prac’ ical 
laboratory operations. This text de) :'ts 
from the usual order of laboratory sty. 
Anions are treated first, and in the :re- 
liminary experiments involving catio:- ‘he 
more simple alkali and alkaline eart!: ns 
precede those whose chemistry is "wre 
complicated. There are several acvan- 
tages of this order, most important | ving 
that the student has time to acquire 4 
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knowledge of the principles necessary for 
a proper appfeciation of the problems 
involved in cation analysis before encount- 
ering them in the laboratory. Further- 
more, anion chemistry is less routine, 
hence the student will be trained early to 
interpret observations made from logical 
experiments. There is no reason inherent 
in the writing, however, that would pro- 
hibit the laboratory work from being as 
flexible as the teacher wishes. More 
significant than the order is the fact that 
more attention is given to anion analysis 
in this text than is usually done. At 
least 24 anions are included. The ions 
are grouped according to gross similarities 
but chemical properties and characteristic 
reactions are given for each ion separately 
with appropriate equations. Twenty- 
seven conventional cations are dealt with in 
a similar manner. Identification pro- 
cedures are written for semimicro work 
using either hydrogen sulfide or thi- 
oacetamide as the sulfide precipitant. 
The usual schematic outlines and notes 
are incorporated in the text. 

Included among the numerous problems 
at the end of the chapters are many “‘why- 
type” questions to stimulate the student’s 
imagination as well as to test his knowl- 
edge of factual material. Answers to 
numerical problems are in an Instructor’s 
Manual. In keeping with the author’s 
emphasis on a logical approach to the sub- 
ject, all illustrative problems in the text 
are solved using dimensional analysis. A 
special appendix with a review of chemical 
arithmetic presents this method. 

This book contains sufficient material 
for a one-semester course in qualitative 
analysis and it can be adapted easily to a 
one-term course or to a course in general 
chemistry in which qualitative analysis 
is a part of the laboratory work. The 
book is clearly written and free of errors. 
In comparison with other books on the 
subject this reviewer finds Moeller’s 
“Qualitative Analysis’? generally superior 
to most. 


JAMES L. HALL 
Micnigan State UNIVERSITY 
East Lansine, MICHIGAN 


TECHNICAL REPORT WRITING 


James W. Souther, Assistant Dean, 
College of Engineering, University of 
Washington. John Wiley & Sons, Inc., 
New York, 1957. xi + 70 pp. 25 
figs. 2X 27cm. $2.95. 


Tuts brief, letter-size, paper bound 
bovk should be excellent for the purpose 
for which it was written, a text for a 
college course in technical report writing. 
However, it has the common failing of its 
predecessors—it neglects the subject of 
reporting data in tables and graphs which, 
after all, is the characteristic that dis- 
tinguishes technical report writing from 
other expository writing. 

Teachers should find it a very effective 
text because the exercises at the end of 
each chapter approach “real-life engi- 
hecring situations” and are not the usual 
artificial “make-work” assignment one 
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finds in textbooks. The author’s in- 
dustrial and engineering education ex- 
perience has been used to advantage in 
developing the design approach to report 
writing. The chapter on Investigation is 
particularly worth while because it covers 
the searching of the literature (books, 
journal articles, and reports) as sources of 
background information; young scientists 
and engineers must be impressed with the 
need for preceding laboratory research 
with library search. However, it would 
have been helpful if the author had in- 
cluded some bibliography in his own 
text; he could not hope to exhaust the 
field of technical report writing in seventy 
pages. Some references to texts on lit- 
erature searching, tabulation, and graphs 
would be helpful to both teachers and 
students of technical report writing. 

The chapter on Analysis is especially 
well handled; it should convince the 
reluctant engineer or scientist of the need 
to write reports while it instructs him 
in deciding the kind of a report to write. 
The classification of reports by purpose 
(to inform, to initiate action, to coordinate 
projects, to recommend, and to provide 
a record) is excellent. 

This book should be recommended to 
teachers of technical report writing, en- 
gineering and scientific students, and to 
those about to write their first technical 
reports; it is too brief to be useful as a 
reference book for experienced writers 
and editors. 


ETHALINE CORTELYOU 
ArMouR RESEARCH FOUNDATION 
Cuicaco, ILLINOIS 


ORAL COMMUNICATION OF 
TECHNICAL INFORMATION 


Robert S. Casey, Chemist, W. A. Sheaffer 
Pen Co., Fort Madison, Iowa. Reinhold 
Publishing Corp., New York, 1958. 
vii + 199 pp. 20 figs. 13 X 19.5 cm. 
$4.50. 


Tuts is a detailed, informative, and 
instructional guide for all who are con- 
cerned with preparation of topics for oral 
presentation. Although primarily in- 
tended for the presentation of technical 
material, those interested in non-technical 
subject matter should profit materially 
from the many basic ideas and suggestions 
offered. 

It is organized into 12 chapters con- 
taining detailed discussion of all phases 
of oral communication varying from initial 
plans, outlines, preparation and use of 
notes, formal and informal speaking 
guides, as well as suggestions on presenta- 
tion. Detailed coverages of the topics 
“audio and visual aids’ and “presiding at 
meetings” are included as separate chap- 
ters. Illustrations include proper forms 
for tabular data as well as examples of 
satisfactory and overcrowded lantern 
slides. 

Each chapter contains a rather com- 
plete bibliography. Although directed 
to the industrial worker (many references 
to “the boss’), it is firmly believed 
that many academic speakers could 
profit materially by applying many of 


the common-sense ideas postulated in 
this book. Some of the author’s gems 
are: “Style is verbal personality,” and 
“You can’t learn to swim or make speeches 
by reading books.”’ 

The experienced speaker may consider 
certain of the topics and their thorough 
development too elementary in nature. 
One must remember that many who may 
be authorities in their fields are inex- 
perienced novices in the presentation of 
subject matter before an audience. Even 
experienced academic friends could (and 
should) improve their presentation by 
adopting certain of the principles and 
common sense practices which are covered. 


DOUGLAS G. NICHOLSON 
East Tennessee State 
Jounson City, TENNESSEE 


INTRODUCTION TO ENZYMOLOGY 


Alan H. Mehler, National Institute of 
Health, Bethesda, Maryland. Academic 
Press, Inc., New York, 1957. viii + 425 
pp. 37 figs. 16 X 23.5cm. $10.80. 


Tuis relatively thin (400 text pages plus 
introduction and subject index), lucidly 
written, and concise volume is a credit to 
its author and a welcome relief for a 
reader, constantly swamped with and 
inured to voluminous treatises and Hand- 
bucher of heterogeneous parentage. It 
provides him with a valuable, and in some 
ways a unique, addition to his groaning 
book-shelf, be he a gatherer or dispenser 
of enzymological lore. 

For the former, the book is a well- 
organized, brief, yet adequately detailed 
summary of intermediary metabolism on 
the enzymatic level—and what more 
fundamental approach is there today? 
The text is written in a lucid, sparse man- 
ner, the factual information is up-to-date 
(or at least as up-to-date as a volume not 
provided with loose-leaf arrangement in 
this rapidly moving field can be—ref- 
erences go up to 1956, and to early 1957 in 
some instances), a fair number of relatively 
simple and clear schemes, diagrams, and 
structural formulas are provided, and 
there is a goodly number of well-selected 
references both general and particular. 
The extensive subject index is of help, 
even though it has its idiosyncrasies: 
there are eight references to “‘lipolic 
acid,” but none to “cholesterol,’’ “ster- 
oid,” or “lipid.’’ It is a pity also that no 
author index was provided. Perhaps a 
more regrettable omission is the complete 
absence of any systematic discussion of 
the multi-enzyme sequences involved in 
cholesterol, terpene, and carotene bio- 
syntheses—neither squalene nor meva- 
lonic acid are as much as mentioned. 
If space limitation was the overriding 
consideration, then surely 90 pages de- 
voted to amino acid metabolism seems 
excessive for a subject matter so frequently 
and so completely covered in genera) and 
specialized textbooks, symposium vol- 
umes, etc. 

These objections are still only minor 
ones and do not detract in any real sense 
from either the author’s courage or his 
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competence in his self-assigned task. 
If we look at the book as a teaching aid, 
however, specifically as a textbook in a 
one semester course in enzyme chemistry, 
such as the one taught to graduate stu- 
dents by this reviewer, one major short- 
coming emerges. It appears, because the 
author has been too consistent and suc- 
cessful in his announced aim “to describe 
individual enzymes and enzyme systems 
in some detail and to use the information 
at hand to develop concepts.’ This 
pragmatic approach certainly has its 
merits: it may indeed be the method of 
choice for teaching a course in enzyme 
chemistry at the National Institutes of 
Health to a largely postdoctoral clientele 
as the author has been doing, but in the 
less rarified atmosphere of a university 
department, preliminary and systematic 
exposition of general principles would 
appear to be the preferred alternative. 
These subjective criticisms aside, we 
have found the book eminently usable and 
readable and shall continue to use it, at 
the desk, and in the classroom. Dr. 
Mehler has made a notable contribution. 


HENRY R. MAHLER 
InDIANA UNIVERSITY 
BLOOMINGTON, INDIANA 


SCIENCE AND CIVILIZATION IN CHINA. 
VOLUME 1: INTRODUCTORY ORIEN- 
TATIONS. VOLUME 2: HISTORY OF 
SCIENTIFIC THOUGHT 


Joseph Needham, Reader in Biochemistry, 
University of Cambridge. Cambridge 
University Press, New York. Volume 1: 
1954. xxxviii + 318 pp. 35 figs. 9 
tables. 19.5 xX 25.5cm. $10. Volume 
2: 1956. xxii + 696 pp. 49 figs. 12 
tables. 19.5 X 25.5cm. $14.50. 


TuHEsE are the first two volumes of 
a seven-volume work that promises to be 
one the most interesting scholarly a- 
chievements of our time. Dr. Needham, a 
member of Cambridge University, is 
well known for his biochemical researches, 
culminating in the work, ‘‘Biochemistry 
and Morphogenesis,” published in 1942. 

Nearly 20 years ago three Chinese 
biochemists, Shen, Wang, and Lu, arrived 
in Cambridge to work at Needham’s 
laboratory. ‘Whatever they took away 
with them from Cambridge they left 
there a precious conviction that Chinese 
civilization had played a role of hitherto 
unrecognized amplitude in the history of 
science and technology.” 

From that time until the beginning of 
the war, Needham continued the study of 
Chinese language and thought. From 
1942-46 he undertook for the British 
government a special mission to Chung- 
king. He was able to meet many scholars 
and to study rare old books and manu- 
scripts. 

The first volume provides a concise 
review of the geography and history of 
China, and then a detailed account of the 
interchange of scientific ideas and tech- 
niques between China and Europe. 

Volume 2 is concerned with the history 
of scientific thought in China. The main 
philosophical schools and their relations to 
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scientific work are considered. Most 
important were the Confucians and the 
Taoists. 

The Confucians evidently believed that 
the only proper study of mankind was 
man. For example, “Fan Hsu requested 
to be taught agriculture, but the Master 
said, ‘I am not so good for that as an old 
farmer.’ He also requested to be taught 
horticulture, but the Master said, I 
am not so good at that as an old 
gardener.’ When Fan Hsu had gone out, 
the Master said, ‘What a small minded 
man is Fan Hsu. If a ruler or an official 
loves good customs, righteousness, or 
sincerity, people will flock to him from 
all quarters bearing their children on their 
backs, so what does he need to know 
about agriculture?’ ”’ 

The opponents of Confucius were the 
followers of Taoism, “the only system of 
mysticism the world has ever seen which 
was not profoundly anti-scientific.’’ Dr. 
Needham finds the Taoist viewpoint 
sympathetic to his own beliefs gathered 
from a lifetime of work in biochemical 
sciences. ‘Confucian knowledge was 
masculine and managing; the Taoist 
condemned it and sought after a feminine 
and receptive knowledge which could 
arise only as the fruit of a passive and 
yielding attitude in the observation of 
nature.” 

Splendid ancedotes are found in pro- 
fusion throughout both volumes, so that 
for the reader this is surely one of the most 
delightful of all scholarly works. Dr. 
Needham is a master of English prose, 
and in his translations from the Chinese as 
well as in his. own discourses, he has sus- 
tained a crystalline beauty of style. He 
loves his subject and this love has illumi- 
nated his writing and made it a joy to 
read. 

Of special interest to chemical readers 
will be the account of the theory of the five 
elements, dating from the —4th century. 
These were water, fire, wood, metal, and 
earth. We may note the addition of wood 
and metal, and the omission of air from 
the four elements of the Milesian phi- 
losophers. An unusually interesting ac- 
count is given of the applications of these 
elements in the world picture of the ancient 
Chinese, which Needham finds to bear 
some resemblance to the philosophy of 
organism of Whitehead. 

Only ari expert in Sinology, history, and 
philosophy would be qualified to criti- 
cize the interpretations that Dr. Needham 
draws from his materials. His philosophy 
would appear to be based largely on the 


ideas of Marx, Whitehead, and Leibniz. 


Critics as diverse as Toynbee, Waley, 
Sansom, and Sarton have welcomed the 
volumes as valuable and important contri- 
butions to the history of thought. The 
most discordant note has been a review by 
an associate professor of history at Prince- 
ton University, Charles Gillispie, which 
was recently published in the American Sci- 
entist. Gillispie, writing from a positivist 
bias, was annoyed by Needham’s efforts to 
relate scientific thought to political, 
religious, and technological backgrounds, 
which he found to be an “abject betrayal 
of the autonomy of science, and a sur- 
render of the measure of independence 
which it has won for scholarship and 
thought.”’ 


These books have been beautifully 
produced and illustrated by the Cambridge 
University Press. Unfortunately, savants 
in the West today are not accorded the 
respect that was sometimes theirs in 
ancient China, so that few individual 
scientists will be able to afford the cost of 
the complete set. Perhaps the Library 
of Science may be able to arrange for a 
special edition as was done in the case oi 
Singer’s “History of Technology.” At 
least we may hope that all school and 
university libraries will provide enough 
sets for student and faculty use, for, as 
Bertrand Russell is quoted as saying, “‘! 
think that if we are to feel at home in the 
world. ..we shall have to admit Asia to 
equality in our thoughts not only politically 
but culturally. What changes this will 
bring about I do not know but I am 
convinced that they will be profound 
and of the greatest importance.” 


WALTER J. MOORE 
InDIANA UNIVERSITY 
BioomineTon, INDIANA 


QUANTITATIVE ANALYSIS 


Willis Conway Pierce, Professor of 
Chemistry, Donald Turner Sawyer, 
Assistant Professor of Chemistry, Univer- 
sity of California at Riverside, and Edward 
Lauth Haenisch, Professor of Chemistry, 
Wabash College. Fourth edition. John 
Wiley & Sons, Inc., New York, 1958. 
xiii + 497 pp. 15.5 X 23.5cm. $5.75. 


Tuis well-written text is the fourth 
edition of the one first published in 1937 
by Pierce and Haenish. The most striking 
changes from the third edition include a 
rearrangement of the order of presentation 
of material, a new chapter on evaluation 
of data and precision of measurements, a 
simplification of the presentation of the 
treatment of electroanalytical chemistry, 
and a more liberal use of illustrative 
problems. 

The text is divided into five major parts. 
Part One deals with the basic tools and 
methods of analysis. Part Two is con- 
cerned with the theory and calculations of 
analytical chemistry. The three remain- 
ing parts consider in order, Titrimetric 
Methods of Analysis, Gravimetric Anal- 
ysis by Precipitation and Light, and 
Electrical Methods of Analysis. The 
last of these parts considers colorimetric 
analysis, potentiometric titrations, and 
electrodeposition. 

The material in the text is so arranged 
that laboratory work may begin with 
either gravimetric or volumetric analysis. 
The laboratory determinations are familiar 
ones which are useful for their teaching 
value. The authors point out in their 
preface that the experiments in this edi( ion 
are those that have been found to give 
good results. New experiments inclile, 
among others, calcium by EDTA, nickel 
by precipitation with dimethylglyox:me 
and electrometric titrations with a com- 
mercial pH meter. 

The theory is well illustrated by ‘p- 
resentative problems that have | «en 
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Novemper is a good time to talk about examinations.. 
The reaction of fright in students and the shudder of 
apprehension in professors that the word arouses in the 
spring is not part of the picture in the fall. Mid-term 
evaluations, especially for new students, are always 
more directive than definitive. Only rarely will 
either the professor or the student feel that performance 
on a mid-term examination seals a fate or puts a mark 
on the record that cannot be changed by subsequent 
improvement. Moreover, mid-term examination pa- 
pers go back into the hands of the stucent. He has the 
opportunity to reassess the material and take a second 
review with the emphasis not on what he knew but on 
where the gaps were in his understanding. This in 
the setting of ‘‘another chance” can be one of the most 
effective educational experiences a student ever en- 
joys. Would that all examinations, including ‘‘finals” 
could teach as much in this way! 

Teachers never can be reminded too often that 

testing must have learning as its real goal. Too often 
the “learning” is only the professor’s limited and in- 
cidental learning of what grade he can put on the 
card to discharge his obligation to the registrar’s office. 
We use the term “‘incidental” advisedly, for we are sure 
that the best teachers take such a view of this purpose 
of examinations. Obviously it has objective value 
both to the professor and to the student. But if this 
is the only view of its usefulness, the professor is fooling 
himself and shortchanging the student. 
The cynics among our readers include both the baffled 
inexperienced and the disillusioned experienced teach- 
ers, For them, the examination is a compound guess- 
inggame: the professor trying to guess what the student 
will not guess the professor thinks is important. This 
is the lowest-level analysis of the problem At the 
other extreme is the idealistic view that the real value 
of an examination stops when the student sits down to 
write. Its usefulness is in the study it promotes. 
The examination is an artificial psychological hurdle, 
given orily because deans demand it, etc., ete. 


Somewhere between these extremes there is a rea- 


sonable view of what an examination ought to be if it 
8 gone to teach the student more than he knows be- 
fore he takes it. There is no formula for a perfect 
‘xamin:'tion. It is compounded from a variety of 
ingredic its in differing proportions. For the chemistry 
‘xamin: tion, at least three belong in it: information, 
problen: s, and “essays.” 


Recall of information, tested objectively, belongs 


in large proportion. It is the easiest on the busy pro- 
fessor both in preparation and grading. He also has 
here the greatest resource in the work of the professional 
testers. However, if this is the only ingredient, we 
doubt that the student’s performance reveals very 
much about his development as a scientist. A test 
in spelling would be as meaningful. Such an examina- 
tion moves little toward the goal we propose: an 
examination must teach. 

We doubt if any gauge can be invented to measure 
unequivocally the development of the ‘thinking like 
a chemist” which we keep talking about. Neverthe- 
less, no examiner in a chemistry course should overlook 
or haughtily minimize this point of view as being im- 
possible of evaluation. This is where problems come 
in. The chemist has to solve problems. Often these 
are presented and solutions demanded under condi- 
tions of psychological pressure equal to or even more 
critical than those confronting the student in the 
examination room. Handling new information or dif- 
ferent correlations of familiar information are demands 
which the chemistry examination should put on the 
student’s thinking if it is to help him become a chemist. 
Devising such questions is a difficult professorial task— 
difficult, but rewarding. for what professor cannot 
improve his own knowledge of and inquiring attitude 
toward his subject? 

Finally, the examination should require the student 
to write. We see the most unfortunate consequence of 
crowded classrooms to be the diminishing use of this 
third vital ingredient: the demand that the student 
demonstrates some comprehensive breadth of under- 
standing by writing answers to well conceived ‘‘essay”’ 
questions. The use of that important scientific tool, 
language, cannot be learned by students who have 
never been required to do more than grunt on an 
examination. 

No teacher can afford not be be critical of his own 
examinations. Chemistry teachers must guide the 
development of minds which belong to the scientists of 
the future. Moreover, all of their students will be 
among the educated citizens of the future. The 
present public misapprehension of what it means to 
be a truly educated person (and much has been said 
about the anti-intellectualism of our day) is in large 
part due to the thousands of purely factual examina- 
tions which today’s citizens distastefully recall as their 
education in school. Future generations deserve better 
than this from those whose present responsibility is 
education. 
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NUCLEAR POWER PLANT CORE MATERIALS 
AND FABRICATION 


Curmisrry teachers frequently find it helpful to 
illustrate background material by pointing out the use 
to which chemical knowledge is put in the practical 
world. In this connection it may be of some interest 
to discuss nuclear power plant core materials and their 
fabrication. 

The nuclear power industry has developed special 
meanings for certain words. For clarity some of these 
terms are here defined. 

The core is the place where heat is generated by 
nuclear fission. As distinguished from a homogeneous 
reactor whose core is a special zone in the primary heat 
transfer piping system (“loop”), a heterogeneous re- 
actor contains a core which is a primary heat exchanger 
containing the source of energy. Such a core is made 
up of fuel, control rods, structural materials, moderator, 
and coolant. 

The fissionable fuel which supplies energy is in some 
form selected on the basis of the physics and economics 
of the chosen plant design. The fuel is processed and 
fabricated (it will later be reprocessed) for minimum 
capital and operating cost. 

The core contains neutron-absorbing control rods 
which are made of materials which have to be fabri- 
cated in a design suitable for use in the core. Struc- 
tural materials hold the core in place in the primary 
vessel. Moderators slow down fast neutrons arising 
from the continuing fission reaction to a useful speed. 
Coolants transfer heat to a steam generator. Thermal 
shields protect the pressure vessel from excessive 
gamma-ray heating and contribute a worth-while 
quantity of heat to the coolant by their response to 
gamma ray bombardment. 

The nuclear reactor is nothing more or less than a 
source of energy which in some way or other is trans- 
ferred to a steam generator. The steam drives a 
turbine; the turbine drives an electric generator in 
conventional fashion. It is only the source of energy 
which is somewhat unusual. 


FUELS 


Nuclear fuels are uranium, thorium (which yields 
fissionable U?**, and plutonium (which is formed by the 
transmutation of U** after neutron capture). The 
fuels may be further distinguished by their isotope 
number and by the properties of the particular iso- 
topes. Thus, U*** and U** are caused to fission by 
absorption of slow (‘‘thermal”’) as well as fast neutrons 


1 Presented before the Division of Chemical Education at the 
132nd Meeting of the American Chemical Society, New York, 
September, 1957. Illustrations by courtesy of Westinghouse 
Atomic Power Department, P. O. Box 355, Pittsburgh 30, Pa. 
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ROBERT S. SHANE 
Rockets Division, Bell Aircraft Corporation, 
Buffalo 5, New York 


(1). U?%8, the common isotope, is caused to fission 
only by fast neutrons. Thermal neutrons have an 
energy of about 0.025 Mev. (2) or, in other terms, a 
velocity of 2.2 & 10° em./sec.; fast neutrons have an 
energy of 1 Mey. or above or 1.4 X 10° em./sec. (3). 
Plutonium is synthesized primarily for weapons use at 
present. However, in any uranium reactor some (2% 
is converted to plutonium by the capture of slow and 
intermediate neutrons, so that Pu®*® furnishes an ap- 
preciable part of the energy generated in such a reactor 
core. Natural uranium which is a mixture of U** and 
U** contains only a-little (0.7%) of the U2* which is 
fissionable by slow neutrons. Hence, if natural 
uranium is to be usable as a fuel, (a) either fast neutrons 
must be provided or (b) the amount of U2* in uranium- 
type fuel must be increased by artificial enrichment, or 
(c) the moderator coolant must be deuterium oxide 
which will decelerate the limited supply of neutrons with- 
out combination (as the hydrogen nucleus does to 
form deuterium). 


FUELS: CHEMICAL CONSIDERATIONS 


The fuels may be used in one of several chemical 
forms. They may be used in the form of pure metal, 
as an alloy, or as an oxide or carbide. They may be 
used in the form of a soluble salt or a dispersion. In 
this discussion only cores as part of a heterogeneous 
reactor will be considered, thus eliminating the last 
group of fuels. All of the first group of fuels are found 
in one design or another in heterogeneous reactors. 

Bare metal fuels suffer the disadvantage of chemical 
reactivity of their surface in various coolants. The 
metals are generally easily oxidized; indeed, when 
finely divided, they are pyrophoric. Uranium and its 
alloys are quite reactive with water. Only in special 
cases, can bare metal be used as the fuel surface. More 
frequently the metallic fuel is used in the form of an 
alloy clad in a corrosion-resistant alloy. For the 
fuel-alloy, aluminum and zirconium have been used as 
alloying elements. Zircaloy, stainless steel, ani! alu- 
minum have been used as cladding. Moreove:. the 
cladding serves as a can to retain radioactive | ssion 
fragments whose release to the coolant is high un 
desirable. 

Fuels can be made by a powder metallurgy ‘ech- 
nique (4) wherein a powdered fuel either in the im of 
a metal or oxide is dispersed, by well-known tech: \jues, 
in a matrix of base metal. This is the way the ur: \ium- 
dioxide-aluminum core for the Geneva react: Was 
made. In each case it is the object of speci’ fuel 
form to conform to the particular reactor | °sig?. 
Oxides of the fuel elements, as used in some iteT0- 
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gencous reactors, require special processing to make 


then usable for the intended purpose. The special 
processing can be either by powder metallurgy tech- 
niques or by sintering techniques to secure a desirable 
forn: of the fuel. 


FUELS: PHYSICAL SHAPE 


The fuel is essentially a heat source which transfers 
its heat to a circulating medium of some kind and this 
circulating medium then generates steam by a second- 
ary heat exchanger. The steam drives a conventional 
electric generating plant. Therefore, we may consider 
the fuel, in whatever form we fabricate it, to be essen- 
tially a primary heat exchanger. 

For purposes of transfer of heat, a large ratio of 
surface to volume is needed. As in conventional heat 
exchangers, fuel elements are usually fabricated in the 
form of plates or rods. 

The geometry of a core is a critical factor in its per- 
formance. For continuation of the fission reaction, 
neutrons should be conserved. Ideally the core should 
be a sphere because there is less surface to volume for 
this shape than any other. The loss of neutrons by 
escape from the space thus is less fora sphere. For this 
reason, it is necessary to consider whether it is easier 
to fabricate a precise arrangement of plates or a precise 
arrangement of rods. Rods can even be made hollow 
so that the coolant flows down the inside of the rod as 
well as around the outside of the rod, thereby increas- 
ing the effective surface for heat transfer. Fins can 
be used on solid fuel elements to increase the heat 
transfer surface area. 

Both plate and rod fuel element shapes have been 
used and will probably continue to be used for some time 
to come. The factors which decide whether plate 
type element or rod type element will be used are not 
necessarily those of most efficient heat transfer, but 
bear a relationship to geometry, ease of fabrication, and 
the four basic factors of material and fabrication-proc- 
ess selection which will be mentioned below. 


FUEL ELEMENT EXPOSURE AND PROTECTION 


It was mentioned above that, since bare fuel ele- 
ments would corrode readily in such coolants as water 
and liquid metals, they generally are enveloped in a 
corrosion resistant material. The choice of this clad- 
ding material depends upon the environment in which 
the fuel element will be placed. For relatively low 
temperature water, aluminum alloys are satisfactory; 
they are used in research and test reactors where no 
large amount of heat is generated and the maximum 
temperature is less than 200°C. For power reactors, 
where a large amount of heat is wanted and the tem- 
peratiire of the aqueous coolant may be 300°-350°C., 
alumiium cannot now be used. However, certain 
hickel-}earing aluminum alloys do give promise of 
being leveloped to a point where they may be usable 
as a1 element cladding in pressurized water-cooled 
power reactors. Zirconium alloys and certain stain- 
less steels are better high temperature water service 
claddings. It is apparent that a cladding cannot be 
considered independently of the coolant in which it is 
bathed continuously; nor can the cladding be con- 
sidered independently of the material which it covers 
since the possibility of interaction between fuel and 
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cladding must be faced. This interaction may be an 
alloying; it may be a reduction of a fuel oxide by the 
metal of the cladding. 

The cladding must also fulfill certain other functions. 
One is to locate the fuel in the core accurately so as to 
keep it in its place without distortion or displacement. 
The cladding must be relatively transparent to neutrons 
so that the fission process can be maintained with 
minimum loss of the important supply of neutrons by 
reaction with atoms in the fuel cladding. And the 
cladding is expected to contain the products of fission 
within the fuel element and away from the rest of the 
components. 

Cladding employs many types of fabrication. For 
example, a slug of fuel is put into a frame of a corrosion 
resistant alloy. The frame and its contents are bonded 
to plates on both sides using heat and pressure so that, 
by appropriate reduction of thickness, a metallurgically 
sound bond is achieved. The cladding (can) then 
does not expose the fuel to the environment anywhere. 
A second method of cladding fuel is to put sintered 
(ceramic) fuel pellets in a tube and plug the tube at 
both ends. A third type of cladding fabrication is 
achieved by co-extruding an alloy of fuel between two 
layers of corrosion resistant metal. This is one pro- 
posed method for fabricating the fuel elements for the 
Westinghouse Test Reactor. 

It should be noticed that no unusual equipment has 
been developed for the fabrication of clad fuel elements. 
Instead, the usual metallurgical fabrication processes of 
rolling, swaging (shaping with heat and impact), forg- 
ing, pressure welding, extrusion, etc., are employed. 


FUEL ELEMENT FABRICATION ECONOMICS 


The general considerations which apply to the 
fabrication of any part of the primary reactor system 
apply with even more force to the fabrication of a 
nuclear core. In selecting materials and fabrication- 
processes for a nuclear core, the product must comply 
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with the following four essential factors: (1) Safety 
to operating personnel must be at a maximum. (2) In- 
tegrity of the core must be assured. (3) Accessibility 
of plant components for routine maintenance must be 
provided for. (4) The core must function reliably and 
predictably. 

After these essential factors have been taken into 
account, one can then evaluate less critical factors 
such as: availability of materials and fabricators, 
estimated lifetime of the material as a result of fabri- 
cation, capital cost factors, effect of choice of mate- 
rials or method of fabrication on the ultimate cost of 
delivered power. (Fuel reprocessing cost considera- 
tions must be taken into account here.) 

From the point of view of those involved in the 
fabrication of materials for the core, the economics of 
reactor construction are very important. The ulti- 
mate criterion for choice of material or of a method of 
fabrication is the effect of the choice on the cost of 
electricity to the consumer. A study by the Detroit 
Edison Company in 1953 showed that the fraction of 
the cost of a nuclear power electric generating plant 
attributable to the primary nuclear system should be 
somewhere between 15% and 20%? of the total cost of 
the electric generating plant if present capital cost 
standards for coal-fired electric generating plants are to 
be translated into the future. This means that savings 
of only approximately one-fifth of the total capital 
cost of the plant could be effected, even if the atomic 
part of the plant were to cost nothing. 

It should be recognized that within the core there 
are structures which are not intended to last as long 
as the rest of the primary system. Fuel, even atomic 
fuel, will effectively* “burn out” in time and must be 
replaced. At the present time one thinks of a full- 
power operating core life of perhaps one to three years. 
This means that the fuel elements including the fuel 
and the cladding, the control rods as they diminish in 
worth by neutron absorption, and core auxiliaries will 
be replaced every second or third year depending on 
the power level of operation. Certain other parts of 
the primary system may not be replaced as frequently; 
for example, the instrumentation and the core support- 
ing structures. Still other parts of the primary system 
are expected to last much longer. Among these are 
such parts as thermal shields (metal plates between 
core and vessel to absorb gamma radiation), control 
rod drive mechanisms, the primary pressure vessel 
which contains the core, the pressurizer which generates 
steam of sufficient pressure to prevent bulk boiling of 
the coolant at operating temperature, piping leading 
to and from the primary pressure vessel, auxiliary 
primary systems, such as water purification systems 
and pumps, and the secondary heat exchangers (the 
steam generator). 

One must come to the conclusion that certain com- 
ponents do not have to be designed and built for more 


2 Cf. Lang, J. A. (6) who gives the primary heat source of a 
conventional power plant as 33!/;% of the total plant cost. 

3 Self-poisoning through accumulation of neutron absorbing 
fission products will effectively stop energy production before 
more than 25% of the fissionable atoms yield their energy. The 
fuel must then be “‘reprocessed.’’ See Frrs, J., Jn., and Greaa, 
W. (7). The nuclear ‘‘ashes’’ not only contain unspent fuel from 
the original charge but also newly bred valuable fuel, e.g., plu- 
tonium. See also Deutscn, R. W. (8). 


than a short life whereas other components are de. 
signed and made for twenty or thirty years of use. 

Important in the choice of design, materials, and 
process for fabricating a core is the effect of that ch vice 
on the fuel reprocessing cost. The cost of reprocessing 
of fuel to remove “nuclear ashes” is an important ele. 
ment in the cost of the power generated by a rea: tor. 
If complicated and costly reprocessing processes are 
needed in order to recover unspent fuel for subseg went 
use. or to recover especially valuable components like 
byproduct plutonium, the cost of electricity to the 
consumer has been materially increased. The cost of 
fuel is not only the initial loading, but also includes al] 
other costs, including chemical reprocessing of fue! and 
inventory charges, until the nuclear reactor is ready to 
run with a new charge. In addition, core design, core 
materials, and core fabrication techniques must be 
selected so that routine servicing of the core will not in- 
volve undue hazard. 

It can be seen that a plate type fuel element whose 
fuel is fused or otherwise joined to its cladding will 
require complete solution of the fuel element in order 
to put the fuel in some form to permit reprocessing, 
On the other hand, one has only to cut off both ends of 
a hollow tube filled with ceramic type fuel and push or 
dissolve the fuel into a chemical reprocessing vat. It 
is not necessary to dissolve the metallic fuel cladding. 
This is a simple process and is essentially easy to do by 
remote control. This point should be kept in mind 
since reprocessing of fuel is done on highly radioactive 
material, as would be expected after materials have 
been bombarded by self-generated radiation in a 
reactor core for many months. This radiation comes 
principally, but not exclusively, from three groups of 
radioactive isotopes. These, along with their half- 
lives, are listed in decreasing order of importance: 


T1381 (814 days), Cs!%7 (37 years), Kr® (2.8 hours), 
Xe!83 (2.3 days, 5.27 days). 

Group II: Sr® (54 days), Sr® (20 years), Ba! (12.8 days). 
Group III: Zr® (65 days), Ce'* (280 days), Y®! (51 minutes, 
61 days) (9, 10). 


The activity of these fractions has been tabulated 
together with their yields by Kieffer (76). 

Remote control operations must be considered to be 
essential in fuel reprocessing. Fuel element design 
must consider the economics of fuel reprocessing as 
well as initial fabrication to specified dimensions and 
tolerances. 


Group I: 


PROCESS TESTING 


A nuclear reactor is not exactly of the same order 
of hazard as a boiling tea kettle. During the ‘abri- 
cation of a nuclear core, many tests are used to g):aran- 
tee integrity of structure so that the neighbor~ of a 
nuclear power plant can sleep soundly in their |» us at 
night. 

During development, core materials are fil-\ de 
structively tested in order to predict the limiti:.< con- 
ditions under which they will fail. Nondest) itive 
testing is used at many stages during fabrica’ 00 1 
order that the fabricator may be sure that he is s«: uring 
the results he intends. Among these nondest) itive 
tests are: 

(1) Electromagnetic study of the integrity of ) tals, 
the “Eddy current test.” The specimen is passed 
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through an electromagnetic field; sensitive instru- 
ments detect alterations in field strength due to in- 
homogeneities in the specimen. 

(2) Ultrasonic testing of thickness to assure uni- 
formity. Variations of thickness cause variations in 
the observed signal from the sensing transducer. 

(3) Hydrostatic proof-testing of sealed containers. 

(4) Helium leak detection of flaws in closed con- 
tainers. The atmosphere around the closed vessel 
containing helium is sampled by a mass spectrograph. 

(5) “Zyglo” or fluorescent dye-penetrant testing 
to locate surface defects. This test depends upon 
flaws drawing in an adsorbent material by capillarity, 
“developing” the spot by treatment with a fluorescent 
dye which is adsorbed, and, finally, examination 
under ultraviolet light. 

(6) Autoclave testing in an environment of equal 
or greater rigor than the planned or design exposure. 

(7) Artificial corrosion to determine areas of non- 
homogeneity by differential appearance of the oxide 
film 


(8) Radiography. 

(9) Ultra precise measurement to assure dimensions 
within tolerance and avoid unplanned mechanical 
stresses in an assembly. 


CLADDING MATERIALS AND FABRICATION 
PROCESSES 


Choice of fabrication processes is based upon the 
material. The choice of material is based on the type 
of reactor and nuclear considerations. 

An excellent material for use in heterogeneous reactor 
cores exposed to an aqueous environment is the alloy 
of zirconium known as zircaloy-2 or its more recent 
improvement, zircaloy-3. These alloys contain about 
1.5% tin and smaller amounts of iron, nickel and 
chromium. The zircaloys have excellent corrosion 
resistance to water at 650°F. at 2500 psi. They have 
the additional merit of a thermal neutron cross section 
of only 0.18 barn (11). More neutrons are thereby 
available to continue the fission process. 

Zirconium as a metal is not new. Zirconium reactor 
grade metal is a very recent development (5). It has 
been found that zirconium as it occurs in nature is 
invariably associated with hafnium. Hafnium is an 
element which has the special nuclear characteristic 
of absorbing neutrons avidly. For reactor cores 
zirconium is separated from the hafnium. This is 
done by a counter-current solvent extraction of the 
mixture of zirconyl chloride and hafnium by suitable 
extractants (12). After reduction, zirconium metal 
is alloyed with 1.5% tin and small quantities of iron, 
nickel, and chromium, to make an alloy which -has 
strength approximately equal to stainless steel and 
excellent resistance to corrosion by water. 

The high reactivity of zirconium with atmospheric 
gases at elevated temperatures means that ordinary 
joing procedures cannot be used for zirconium or its 
alloys. After the original atmosphere is completely 
replaced with an inert atmosphere it is possible to 
weld zircaloy successfully 100 times out of 100 and 
devel. leak-proof welds. 

Zirc::loy is pyrophoric when finally divided. Ma- 
chining or grinding is done with the metal either sub- 
merge in or flooded with a strong flow of a suitable 
coolant. Zirconium burns (in either oxygen or nitro- 
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gen) with an intensity comparable to that of an in 
cendiary bomb and is more difficult to extinguish. 
For this reason fabrication of zirconium is done with a 
very lively appreciation of the fire hazard involved. 
Zircaloy has other interesting properties; among them 
is a tendency to work harden. This means that 
brittleness develops as a result of plastic deformation 
which accompanies machining, drawing, bending, etc. 
It will work harden after only 60% cold work (i.e., 
60% change in dimension as in drawing or forging) and 
must be annealed for further fabrication. This anneal- 
ing is usually done in vacuum. Despite the various 
handicaps attendant upon fabricating, zircaloy has been 
produced in all the usual shapes, for example, rods, 
bars, plates, and indeed, precision thin wall tubing has 
been made to closer tolerances than commercial stand- 
ards for other metals and alloys. 


Stainless steel has been proposed and is being used 
in core fabrication. Austenitic stainless steel (Type 
304), the common 18-8 chrome nickel steel, is a material 
which shows unusual behavior in a core. When ex- 
posed to neutrons for a very considerable period of 
time, austenitic stainless steel becomes very brittle 
(13). The yield point (force required to produce 
0.2% elongation) approaches, as a limit, the tensile 
strength; both are raised very considerably as a result 
of exposure to neutron bombardment. The loss of 
ductility is a serious factor to consider in fabricating 
the core. For this reason it is likely that nonaustenitic 
stainless steels, for example, martensitic-ferritic stain- 
less steels may be employed. These are the 12% 
chrome steels which are also somewhat magnetic. 
These steels have much greater ductility and exhibit 
more resistance to radiation damage as a result of 
neutron bombardment. 


The subject of radiation damage cannot be left with- 
out mentioning the self-annealing characteristics of 
stainless steel which has been damaged by radiation. 
Stainless steel will recover a considerable portion of 
its original ductility if removed from neutron flux and 
kept at elevated temperatures for a period of time. 
If a core is shut down and the temperature goes down 
fairly slowly, the radiation damage will be repaired 
in some measure (14). 


A metal at which we have been casting longing eyes 
is aluminum. The wide distribution of aluminum, its 
relative low cost, and its easy fabrication make it 
very desirable as a material of construction. Un- 
fortunately, aluminum alloys as we have known them 
up to now have not been safe to use in water above 
100°C. Recent work by J. Draley of the Argonne 
National Laboratory and his colleagues (15) indicates 
that we can use certain aluminum alloys up to 200°C. 
There is hope that from the new alloys which primarily 
contain 5% nickel and small quantities of iron, nickel, 
and chromium as well as significant but very small 
amounts of certain other alloying elements there will 
be developed an aluminum alloy suitable for use in a 
pressurized water reactor. It should be recognized 
that consideration of material compatibility within a 
given structure would lead to a radical revision of 
material selection for various components and pH of the 
primary system if aluminum alloys are used. This 
is because the optimum corrosion resistance of these 
aluminum alloys is found between pH 3 and pH 5. 
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THE CONTROL ROD PROBLEM 


The function of the control rod is to soak up neutrons 
so that the fission chain reaction may be stopped or 
controlled. When the control rod takes up neutrons, 
some reaction must occur within it. The subsequent 
performance of the control rod material, after it has 
absorbed neutrons, is a chief concern. 

If the change results in another isotope of the same 
element, no essential change in the metallurgical prop- 
erties of the control rod material will occur. Such 
a desirable material might be hafnium. Unfortunately 
hafnium is in very short supply and unavailable for 
civilian applications of nuclear energy. 

Among other materials which might be considered 
is boron. Boron has a very excellent affinity for 
neutrons. Its thermal neutron cross section is 750 
barns; the B"™ isotope has a cross section of 4000 
barns. But B"” (about 19% of total B atoms) trans- 
mutes as a result of absorption of a neutron into lithium- 
7 and an alpha particle which becomes helium gas. 
If the boron is encased in a metal matrix this helium gas 
will produce internal stresses and ultimately distort and 
finally rupture the structure. 


Another desirable element for control rods is cad- 
mium. Cd!!* has a good affinity for neutrons (thermal 
neutron cross section is 25,000 barns) and transmutes 
to Cd! which is stable. Cadmium, of course, has a 
low melting point and as such cannot be readily used. 
It can be alloyed to achieve a useful form; it has been 
prepared in a series of such alloys. The alloys of cad- 
mium, however, are subject to corrosion and must be 
clad in suitable corrosion-proof cans for practical use. 

Co*® transmutes to Co® as a result of neutron ab- 
sorption. There are many commercial cobalt alloys 
which contain high percentage of the metal, e.g., the 
series of alloys made by the Haynes-Stellite Division 
of the Union Carbon Company. These are being 
examined for possible use as control rods. Co 
is a source of the very penetrating 1.3 Mev. gamma 
radiation which has been used in cancer therapy and in 
the radiographic examination of metals. The subse- 
quent handling of cobalt control rods, therefore, would 
require that this developed activity be considered in 
design. An additional problem is presented by the 
slow decay characteristics of Co™ (half-life 5.5 years). 


Among other possible elements for use in control 
rods are the rare earth elements. These are not as 
rare as their name indicates. They are in fact fairly 
abundant. Recent technology has made them in- 
creasingly available (18). The feasibility of incor- 
porating the rare earths into a control rod is being 
examined. Whether they are used as metallic alloys 
or as inclusions of rare earth oxide in a cermet, an 
attempt is being made to evaluate the possibility of us- 
ing these materials in control rods (17). Gadolinium 
and europium are the elements of major interest. 
The principal effort is being carried out at the Knolls 
Atomic Power Laboratory of the General Electric 
Company and the Battelle Memorial Institute. 

The fabrication of control rods depends in large 
part upon the design of the reactor. Control rods 
have been used in various forms. Among the more 
favored forms are solid cylinders and cruciforms. 
The latter are used for reasons of economy of space, 


accuracy of positioning, and enveloping of neutro), 
source. 

The control rod occupies a definite place within th. 
core when the core is shut down. This place would b: 
available to flow of coolant when the control rod js 
removed from the core during the start up perio. 
In order not to disturb the pressure drop relations «{ 
the primary reactor, a neutron-transparent follower 
of exactly the same size and shape may be attached 1» 
the active portion of the control rod. This occupi:s 
the place of the neutron absorbing portion of contr: 
rod when it is removed from the core. There is this 
no change in the hydraulic behavior of the coolant jn 
the core. 

The various difficulties which attend fabrication of 
fuel element structures also attend control rods. Coi- 
trol rods must be accurately fabricated to extremely 
close dimensional tolerance so that they will not jam 
or stick as they are manipulated within the core. !n 
addition, the effect of radiation damage must be such 
that control rods do not warp or distort dimensionally 
as a result of neutron bombardment or gamma ray 
heating. These factors must be taken into account 
in selecting a method of fabrication so that there will 
be no release of stresses and distortion of the control 
rod as a result of primary environment exposure, 
thereby sticking within the core. 

An interesting possible method for controlling the 
core reactivity is to inject soluble chemical nuclear 
poisons into the coolant. These poisons would be 
later removed, presumably by some chemical or phys- 
ical means, e.g., ion exchange, precipitation, ab- 
sorption, etc., when it is desired to remove control 
from the core and thus allow it to produce energy by a 
continuing chain reaction. Such techniques are much 
too slow for emergency purposes; but, they seem to 
have promise for use in starting up and stopping reac- 
tors. For a soluble chemical poison, apparently the 
best material is boric acid solution. 


STRUCTURAL MATERIALS 


The structural materials serve to hold the core in 
place and support it during its service life; this means 
that they are exposed to neutron and fission fragment 
bombardment. The structural materials will de- 
crease the efficiency of the core if they absorb any 
considerable quantity of the neutrons before these 
reach the reflectors which will bounce them back to 
where they can be utilized to fission additional fuel 
nuclei. For this reasons as well as high temperature 
strength, fairly neutron-transparent materials are 
looked for; generally a stainless steel is selected. It 
should be noted, however, that stainless steel (thermal 
neutron cross section about 3 barns) is not as tr:ns- 
parent to neutrons as zircaloy (thermal neutron (10ss 
section about 0.18 barn); it must, therefore, be eval- 
uated accordingly by physicists and designers. 

Structural materials like all other parts of the ore 
must not corrode rapidly in the primary coolant. or 
must they contribute to the primary coolant any |ong 
half-life radioactive components which would §dis- 
sipate through the system, deposit in undesirable ~''es, 
and decrease the accessibility of parts which may ‘iced 
routine service. These parts include pump impe':Ts, 
seals, pump volutes (at exit ports of pumps), \«lve 
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seats, etc. The effect on structural materials of nu- 
clear bombardment must be evaluated in terms of 
service life. For this reason materials cannot be used 
which would be destroyed rapidly by neutron bom- 
bardment. The long-range effect of neutron bom- 
bariment in causing ordinary stainless steels to lose 
ductility would be that the support structure would 
become brittle and liable to fracture on impact. If 
we consider land-based civilian atomic reactors, im- 
pact requirements are much less stringent than they 
are for nuclear reactors for military use. This is 
another case where the ultimate service is evaluated 
before materials are selected to achieve the objective 
of lowest possible ultimate cost of electricity at the 
switch. 


THE COOLANT (19, 20) 


The coolant, by definition, circulates across the 
primary heat exchanger surfaces (fuel elements) and 
transmits the heat to the secondary heat exchangers 
where steam is generated. The coolant may also 
function as a moderator. A moderator slows down 
neutrons to a range of velocities which permits the 
neutrons to be more effective in causing fission. 

In the type of reactor which has principally been 
considered thus far, a pressurized water reactor, the 
coolant will also function as a moderator. Other 
moderators for heterogeneous reactors include heavy 
water, beryllium in the form of metal, oxide,.or carbide, 
and carbon in the form of graphite. Moderators can 
be incorporated in a core, but thermodynamic effi- 
ciency as a heat transfer medium is of first importance 
for the primary coolant. 


Effect of Moderators On 1 Mev. Neutrons (24) 
H 


Element mass 

no. 

Fractional en- 

ergy loss per 

collision 0.63 0.52 0.35 0.18 0.14 0.11 
Collisions for 

thermalization 18 25 42 90 114 150 
Capture cross 

section (barns) 0.3 0.001 0.00 0.01 0.005 0.002 


Among the various proposed coolants are: ordinary 
water, heavy water, organic compounds, liquid metals, 
and gases (22). A study of reactor types indicates 
that all have individual advantages and disadvantages. 
For example, an organic coolant has the advantage of 
low initial attack on the materials of construction of 
the primary system. Many structural materials which 
could not be used with an aqueous coolant can be used 
with an organic coolant. On the other hand, organic 
coolants tend to break down fairly rapidly in primary 
reactor systems (20). This releases various unwanted 
materials such as tar and other decomposition prod- 
ucts \vithin the reactor system. Only such organic 
coolarits as diphenyl, terphenyl, and mixtures of these 
with diphenyl oxide give present promise of sufficient 
radiation stability to justify attempts to employ them. 
Furthermore, the heat capacity of these coolants is low 
so that they are not as «ficient heat transfer media as 
water (27). 

Reactors which employ aqueous coolants have, of 
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course, the drawback of poor theoretical thermody- 
namic efficiency of the power generating engine due to 
low temperature operation since the critical tempera- 
ture of water is 374°C. The high pressures (2000 psi) 
required to operate at practical temperatures lead to 
severe design difficulties (22). Water is also extremely 
corrosive to most materials of construction due in part 
to the products of radiolysis of water (23). The 
liquid metals are extremely hard to contain; they are 
toxic when released in relatively small quantities; 
but, they do transmit heat at elevated temperatures 
and they transmit this heat extremely rapidly. Me- 
tallic sodium (or sodium-potassium alloy ‘“NaK’’) is a 
favored liquid metal heat transfer medium. When 
oxygen can be kept out of it, liquid sodium is relatively 
inert toward stainless steel (25). It is not felt that 
present methods of fabrication of heat exchangers are 
sufficiently reliable to operate a heat exchanger con- 
tinuously with molten sodium-potassium alloy (NaK) 
on one side and water under pressure on the other 
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side. Gas-cooled reactors have been used in England 
and are being considered for the United States. In 
May 1956 the Calder Hall Reactor was put in opera- 
tion in the United Kingdom. This reactor uses 
carbon dioxide as a coolant. The use of inert gases 
permits higher temperature operation of clad fuel 
elements. 

The use of gas as a coolant (heat transfer medium) 
has the drawback that a large amount of the power 
generated by the reactor must be diverted to pump- 
ing the gas around the system. Air is not a partic- 
ularly good choice for the coolant because of nuclear 
reactions and the damaging corrosive effect of hot 
air on most economical materials of construction. 
Radioactive N' with a half-life of 7.35 seconds is 
formed in-pile from O'*. This isotope of nitrogen 
decays by emission of strong beta and gamma radia- 
tion. Hydrogen, a desirable coolant from considera- 
tions of heat transfer and nuclear characteristics, is 
dangerous because of the hazard of explosion in the 
event of leakage and contact with a source of oxygen. 
Helium is almost as desirable as hydrogen thermody- 
namically; it is of course a comparatively expensive 
material. The use of helium would require a leak- 
proof system to avoid costly replacement of the coolant. 

The effect of the choice of the coolant on the other 
components of the primary system must be constantly 
kept in mind. The coolant is the universal bath to 
which all primary system components are exposed 
continuously. For this reason the selection of the 
coolant is very critical. Recent studies in liquid 
metals have indicated that, although sodium-potas- 
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sium alloy has the important advantage of melting at 
room temperature (19°C.), good thermal conductivity, 
and high heat capacity, bismuth, particularly in the 
form of its eutectic alloy with lead, has other advan- 
tages. The bismuth-lead alloy is presently being 
explored at the Brookhaven National Laboratory (26). 
Bismuth has a capture cross section of only 0.015 barn 
with a melting point of 271°C.; the bismuth-lead 
eutectic melts at 125°C. and has a capture cross section 
of 0.17 barn. This compares with a tenfold neutron 
cross section value for the sodium-potassium alloy. 
Further, the accidental contact of hot bismuth with 
water is less fraught with danger than a similar contact 
of sodium potassium alloy. These advantages may 
possibly turn out to far outweigh the advantages of 
sodium-potassium alloy. 

The composition of the primary coolant in pressur- 
ized water reactors gets very considerable attention. 
Undesirable ions may be removed by ion exchange 
methods or by absorption. Solid or semisolid cor- 
rosion products may be removed by suitable filters, 
absorption on a solid surface, or coated out on ion-ex- 
changer beds. The primary coolant can be expected 
to contain transport corrosion products plus the prod- 
uct of leaching of fuel elements where an accidental 
break in cladding occurs. These components (“‘crud’’) 
are radioactive and tend to deposit on surfaces remote 
from the point of origin (27). This condition de- 
creases accessibility of the system to routine mainte- 
nance. It is imperative to keep the level of these com- 
ponents low through suitable crud traps. 
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AN ATOMIC ORBITAL BOARD FOR STUDENT STUDY 


Many teachers of general chemistry now utilize the concept of atomic orbitals in discussing 
atomic structure and bonding. More and more general chemistry texts are devoting a section 
to a discussion of the build-up of electrons in atomic orbitals. Such a discussion, involving a 
qualitative introduction to subenergy level, their shape, distribution in space and size, leads 
naturally to a more fundamental understanding of bond energies and angles. 

For several years an enlarged form of the board suggested by Campbell! was used. It was 
found that students still missed the significance of the ‘‘Aufbau Prinzip’’ until they had the op- 
portunity to work out atomic and ionic configurations on the board for themselves. With the 
help of Robert Barnard, stockroom manager, a simple 8!/2 X 11 cork board was designed which 
each student carries in his notebook. While the instructor discusses atomic structure and shows 
orbital configurations on the large demonstration board, the students can do the same construc- 
tion on their own board by inserting small map pins into the proper orbitals in the proper order. 
Two colors of map pins represent the opposed spins which two electrons assume when occupying 
a single orbital. When not in use, the pins are pushed into the side of the cork board which is 
1/, in. thick. On the front of the board is a concise outline of rules for the build-up of electrons 
in the orbitals. On the reverse side is a Fisher expanded form periodic chart. 

At the present time these boards are available only at the Associated Student Store of Mon- 
tana State College at $0.95 a piece. 

In the near future, Fisher Scientific Company will market a modified notebook size atomic 
orbital board based on the “magic slate” principle. 
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A SCHEMATIC REPRESENTATION OF VALENCE 


Tris paper describes a new chart representing the 
valence structure of atoms. By studying this chart, 
with the help of a few simple rules, students of elemen- 
tary chemistry can acquire a useful understanding of 
chemical combination. 

The fundamentals of the scheme are indicated in 
Figure 1. Each covalent bond formed by an atom 
requires both an unpaired electron and a low energy 
vacancy capable of accommodating an electron of 
another atom. To the trained chemist, it may seem 
redundant to specify both the unpaired electron and 
the vacancy, because as he knows, the word ‘‘unpaired”’ 
automatically implies the existence of the vacancy. 
The beginning student, however, needs to have the 
requirements fully specified. This combination of 
requirements for covalence is represented in Figure 1 
by a black bar for the electron, with a bar-shaped 
vacancy beside it. The depth to which the bar, and 
the vacancy, are imbedded in the atom, represented 
as a shaded circle, shows the relative attraction of 
the atom for electrons. This attraction is known as 
the relative electronegativity, and varies from a 
minimum in the alkali metals to a maximum in oxygen 
and fluorine. Thus, in Figure 1, an atom of low 
electronegativity (Na) is represented as having an 
outer electron only slightly imbedded, to show that 
this electron can be lost relatively easily, and having 
very shallow vacancies, indicating a corresponding lack 
of attraction for outside electrons. Conversely, an 
atom of high electronegativity (F in Figure 1) is 
represented by deep penetration of its own electrons, 
showing them to be tightly held, and deep vacancies, 
corresponding to strong attraction for outside electrons. 
Beginning with Period 3, although most commonly 
the elements utilize only the s and/or p orbitals of 
the outermost shell, the possibility of expanding the 
“valence octet” by promoting electrons to the outer d 
orbitals exists. Where this possibility can make an 
especi:lly important contribution to the valence of an 
element, the outer d levels are indicated schematically 
as an outer broken circle with five pairs of vacancies. 
In Figure 1, this is illustrated by phosphorus, wherein 
it is indicated that this element, with a “normal” 
valence of 3, can acquire the requisites for forming two 


more covalent bonds if one of the pair of electrons is: 


promoted to the higher energy level. The avail- 
ability of underlying d orbitals and electrons, which 
characierizes the transition elements, is represented 
as shown in Figure 1 for trivalent iron, by an inner 
solid cirele indicating the appropriate number of 
electrons plus vacancies equal to ten. 

It is of course impossible to depict three dimensions 
by such representations, but possible to draw the atoms 
to seale. The diagrams in Figure 2 represent correct 
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relative covalent radii, and the valence structure, of 
the atoms of 72 elements, together with the principal 
electronic configurations. Only the outer shell and 
the underlying (d) shell (when available) are shown in 
detail, and with maximum multiplicity (minimum 
electron pairing) as exists when the atoms are ready 
for chemical combination. 

It is desirable that a beginning student learn some- 
thing of s, p, d, and f electrons and orbitals, but not 
absolutely essential here. If he understands the general 
significance of Figure 2, he can acquire much informa- 
tion from it, provided he keeps in mind the following 
rules. 


Fe 18+8 
(2-8-14--2) 


2-8-5) 


SOME RULES OF VALENCE 


(1) An atom can form as many, but only as many covalent 


bonds as it has combinations of unpaired outer electron and outer 
vacancy. In the transition elements, ‘outer’ includes combi- 
nations directly underlying the outermost. 
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(2) An atom tends to form the maximum number of covalent 
bonds of which its outer shell is capable, and normally no com- 
bination of electron and vacancy in this shell will remain un- 
utilized when the atom unites chemically. In the transition 
elements, the maximum number of covalent bonds includes those 
made possible through use of the underlying (d) electrons and 
vacancies, as shown in Figure 2. 

(3) An outer unshared pair of electrons can be used in the 
formation of two covalent bonds only if another pair of vacancies 
(orbital) is available, to which one of the paired electrons can 
be shifted. Availability of such vacancies beyond the outer octet 
is shown in the diagrams by broken lines. 

(4) An outer unshared pair of electrons can be used in the 
formation of a single covalent bond if the other atom has a pair 
of stable vacancies (empty orbital) available. Here both elec- 
trons are supplied by one atom, both vacancies by the other, and 
the electrons are attracted to both nuclei. Such a bond is called 
a “coordinate covalent” or “donor-acceptor” bond. 


(5) If the bonded atoms were initially unlike in elec: ro. 
negativity, the electrons forming the bonds are unevenly shied, 
making the bonds polar in proportion to the electronegati. ity 
differences. Highly polar bonds result in the formation of i nie 
crystals, and bond polarity in general exerts a very significan: jp- 
fluence on both physical and chemical properties. . 

(6) Outer electron pairs, whether engaged in bonding or not, 
are mutually repellent and therefore tend to become distrili:teq 
about the nucleus as far apart as possible. This results in cval- 
ent bonds being directional, and the most common direct i na] 
characteristics can be predicted simply and logically from this 
rule. .Thus, when the outer shell electrons plus vacancies are 
2-6, two covalent bonds can be formed. The farthest apari two 
electron pairs can possibly get is on directly opposite sidis of 
the nucleus. The experimentally determined fact is that <uch 
bonds are linear as predicted (sp hybrids, 180°). Similarly. the 
farthest apart three electron pairs (formed when the elec: ron- 
vacancies is 3-5) can be is at the corners of an equilatera| tri- 


H o+1 


1.Black bar = electron, 
availability. 
ite well = vacancy for 
electron, depth = 
electronecativity. 
3.Covalent radius shown 
by outer solid circle. 
4. Inner solid circle = 
inner d level. 
s.Outer broken circle = 
outer d level. 
K 1841 
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Co 18-9 18-10 Cu 18-11 


Fe 18-8 
(2-8-15-2) (2-8-%6-2) (2-8-18-1) 


(2-8-14-2) 


Rb 36-1 


@-8-18-8-1) 


Ac 36-11 
(2-8-18-18 -1) 


Cs 


Os 68-8 
2618-32-17) (2-8-18-32-17-1) (2-8-18-32-182) 2-8-18-32-18-3) @8-18-32-18-4) @-8-18-32-18-5) 


Ir 68+9 Pt 68-0 


VALENCE STRUCTURE 
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Li 2+1 Be 2+2 B 23 


(2-8-18-3) 


Y 36+3 
(2-8-18-9-2) 


La 54.3 
2-8-18-18-8-1) 2-8-18-18-8-2) 2-8-18-18-9-2) 


He 78-2. TI 78+3 78+4 


IV Vv vi vil 


C 2+4 N 2+5 O 246 


Si 10+4 S 10-6 
(2-8-6 


Cr 18-6 
(2-8-13-1) 


Te 46-6 
@-8-18-18-6) 


(2-8-18-32-18-7) (2-8-18-32 


Figure 2 
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He 2+0 
2-8) 
(2-8-2) 2-8-3) @-8-7) @-8-8) 
Ca 18+2 Sc +3 Tits-4 18-5 Mn 18-7 
Zn 28-2 Gaze-3 Ge 28-4 As28-5 Se 28-6 Br 28-7 Kr 36-0 
(2-8-18-2) @-8-18-4) (2-B-18-S) (2-8 -18-6) (2-8-18-7) (2-8-18 -8) 
Sr 36-2 Zr 36-4 Nb36-s Mo36-6 Tc 36-7 
(2-8-18-8-2) (2-8-18-10-2)  (2-8-18-12-1) (2-8-18-13-4)  (2-8-18-13-2) 
Ru 36-8 Rh36-9 Pd 36.10 Cdacez Inue-s Sn 46-4 Sbucs us-7 Xe 
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@-8-18-32-18-6) 
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angle planar with the nucleus. The actual bonds are indeed 
so directed (sp? hybrids, 120°). Four electron pairs (resulting 
from 4-4 electrons-vacancies) are farthest apart when they are 
at the corners of a regular tetrahedron, and this is the orientation 
of such bonds (sp? hybrids, 109°28’). When the electrons- 
vacancies are 5-3, or 6-2, the covalent bonds formable are only 
3 or 2, but there are also unshared electron pairs, making in effect 
a total of four electron pairs which also tend to be tetrahedral. 
Aithough small deviations are observed, the angle between any 
two such bonds is almost never less than 90°. 


USE OF THE CHART 


With the help of these rules, a student cannot only 
predict, but also begin to understand, the valence of 
the elements as it results from the structures indicated 
in Figure 2. Thus he can see that an atom of hydrogen 
ean only form one covalent bond and then its maximum 
capacity is used. He can understand why hydrogen 
atoms combine into Hz molecules, and why they 
eannot join to other atoms until the bond in H, is 
broken. He can also observe that hydrogen is interme- 
diate in electronegativity and therefore can be expected 
to become partially negative in combination with 
elements of lower electronegativity—mostly metals— 
and partially positive in combination with elements of 
higher electronegativity. 

He can see that helium atoms not only have no 
unpaired electrons and no vacancies in the outer 
shell, but also hold their electron pair so tightly that 
it is unavailable for coordinate bond formation. Hence 
helium is chemically inert. 

Lithium as depicted in Figure 2 can form a single 
covalent bond but its vacancies are not very stable 
and its electron can relatively easily be removed. 
In combination with almost any other element, the 
lithium will therefore become positive, and ionic 
when the other element is strongly electronegative, 
as, for example, fluorine. 

Beryllium is shown to be able to form just two 
covalent bonds, but might begin to use its vacancy 
pairs as electron acceptors in coordinate covalence. 
The two covalent bonds are of course linear, but if 
four electron pairs surround the beryllium, as in its 
coordination complexes, the structure must normally 
be tetrahedral. 

Boron, as depicted in Figure 2, has the capacity 
to form three, planar covalent bonds, and furthermore 
has an outer pair of vacancies (orbital) able to accept 
an electron pair from some other atom. Of course, 
if it does so accept, this fourth electron pair forces 
the other three out of their positions in the same plane 
with the boron nucleus, and the structure becomes 
tetrahedral. 

The characteristic tetracovalence of carbon is 
readily understood from the diagram, and the charac- 
teristic structure from rule 6. The absence of both 
unshared electron pairs and vacancies, when the 
car!on has formed four bonds, shows that tetracovalent 
carbon can have no coordinate covalence. The 
elec: ronegativity, somewhat above the median, shows 
thai carbon, in combination with metals, can become 
hegitive, but in combination with hydrogen it is 
onl) very slightly negative and with more electronega- 
tive nonmetals it is positive. 

It is clear from the diagram of nitrogen in Figure 2 
that although each atom has five outer electrons, 
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only three can become involved in ordinary covalent 
bonds because only three vacancies are available. 
When nitrogen has formed three covalent bonds, 
however, there is still a fourth electron pair, unshared. 
The three bonds are therefore not planar but at nearly 
tetrahedral angles, the extra pair occupying the fourth 
space. This extra pair allows the nitrogen to serve 
as electron donor in forming a coordinate covalent 
bond. 

As shown by the oxygen diagram, an oxygen atom 
can only form two covalent bonds, but it has two 
electron pairs that allow combined oxygen to serve as 
electron donor. Normally only one pair so functions 
at one time. It can be seen that here is a highly 
electronegative atom that becomes negative in practi- 
cally all its compounds. 

Fluorine has only the ability to form one bond, 
and the three unshared electron pairs are so tightly 
held as to be unavailable for coordinate covalence 
(except when made more available through acquisition 
of high negative charge by the fluorine). As shown 
by the high electronegativity, fluorine is negative in 
all its compounds, without exception. 

Neon, like helium, is shown to hold its electrons too 
tightly for sharing, and there are neither single electrons 
nor vacancies permitting ordinary covalence. 

From here on, the trend through calcium follows 
the preceding one, except that electronegativities are 
lower in this third period, and also that with the 
increasing nuclear charge, the possibility of utilizing 
electron vacancies beyond the shell of eight increases. 
Thus even aluminum and silicon may coordinate more 
than four other atoms, and in phosphorus, the “un- 
shared pair’ can split, forming two more covalent 
bonds and bringing the number of shared electron pairs 
to five. In sulfur, both the unshared pairs can like- 
wise split to give hexavalent sulfur. No chlorine atom 
forms seven single covalent bonds, but at least one of 
the unshared pairs can split to form two more single 
bonds for a total of three, and in all these elements 
including chlorine, vacancies beyond the outer eight 
can be used in multiple bonding (where more than two 
electrons are used per bond). Therefore the extra 
vacancies possible are indicated in the dotted outer 
circles in Figure 2. Students should bear in mind 
that the availability of these extra vacancies for stable 
bonds increases with increasing withdrawal of electrons 
from the atom, which means that the higher valences 
tend to be shown when the element is combined with 
the more electronegative elements. 

Skipping, for the present, the transition and copper 
and zine groups, students can see that beyond major 
Groups I and II, there is a notable change in the 
electronic configurations from period 3 to period 4. 
This is a change from an inert element structure to a 
shell of 18 electrons, immediately underlying the 
valence shell. Although the valence shells are suf- 
ficiently similar to justify inclusion of these elements as 
“major group” elements where it is convenient to do 
so (from Group III on), the underlying difference 
produces an increase in electronegativity, as shown in 
Figure 2, that prevents these 18-shell elements from 
continuing all the chemical trends begun from period 2 
to period 3. In these elements again exists the pos- 
sibility of using vacancies beyond the outer octet, 
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and in Figure 2 this possibility is represented by the 
dotted circles. 

Studying Figure 2 as a unit, a student can begin 
to acquire a real understanding of chemical perio- 
dicity from the viewpoint of both periodic trends and 
major group similarities and variations. One impor- 
tant lesson to be learned from this figure is that the 
tendency of active elements to become, through 
chemical combination, like the inert elements in 
electronic configuration is more a convenient coinci- 
dence than a fundamental incentive to reaction. Many 
elementary chemistry books overwork this convenience, 
implying that active metals actually seek to lose 
electrons, and active nonmetals to gain them, for lo! 
by so doing they “become like the inert elements.” 
In fact, of course, no element comes close to complete 
inertness through achieving, actually or ‘‘in effect,” 
the electronic number of an inert element. Further- 
more, it requires about 90 kilocalories per mole to 
remove the loosest electron of any atom, that of cesium, 
despite the fact that the cesium ion is isoelectronic 
with xenon. Moreover, energy must be expended 
to persuade an oxygen atom to become an oxide ion, 
even though this ion is isoelectronic with neon. 

This does not mean that the “inert gas number” 
concept is not useful, but only that its real signifi- 
cance ought not to be misunderstood. A fluorine atom, 
with its great initial attraction for an electron, stops 
when it has acquired one, for two reasons. First, 
by acquisition of an extra electron, its attraction for 
electrons has been greatly reduced. Second, there 
just is not any other vacancy that could accommodate 
a second electron. The latter fact is of course related 
to the stability of a shell of eight but not specifically to 
the resemblance to neon, which aviually is not very 
close because of the difference in nuclear charge. 
Similarly, as can be seen from Figure 2, the alkali 
metals, which lose electrons most easily, lose only one 
electron because all the others are held too tightly, 
in a more stable energy level, and are held even more 
tightly when the one is lost. Quite unlike the iso- 
electronic neon, sodium ion can attract and hold 
electrons. Also, consider a carbon atom attached to 
four other atoms of equal electronegativity by covalent 
bonds which therefore must be nonpolar. Even if 
the valence electrons are evenly shared, there can 
hardly be a close similarity of carbon to neon which 
has the same number of electrons all to itself. Carbon 
does not unite to ‘become like neon”; it forms four 
and only four bonds because it possesses the requisites 
to form four and lacks the requisites for forming more 
than four. Indeed, if sharing were a satisfactory 
substitute for acquiring, the diatomic molecules of 
the halogens would be inert. 


TRANSITION ELEMENTS 


It is more difficult to represent the valence structures 
of the transition elements in an adequately meaning: \| 
way, because of the idiosyncracies of these eleme: ts 
both as a class and individually. An attempt is mae, 
however, in Figure 2. Here electronegativities «re 
only approximated because although the values . re 
believed to be of similar magnitudes, most are 1.0t 
accurately known. The maximum valences are eqiial 
to the total number of electron-vacancy combinativns 
in each diagram. There seems as yet to be no simple 
or consistent rule for predicting when or whether a 
lower oxidation state will result or under what condi- 
tions. Indeed, the most stable oxidation states in 
binary compounds of the transition metals with oxygen 
are not always the same as those with fluorine, «nd 
there are other differences among the different halides, 
Furthermore, the oxidation state does not necessarily 
tell the number of bonds; e.g., chromium(IT) chloride 
is CreCl, in the vapor even at 1500°. One can only 
make the general observation that the first member of 
a transition group is more stable in lower oxidation 
states, and less stable in the maximum oxidation states, 
than the next two members, especially the third. 
It may also be observed that the tendency toward 
maximum valence in preference to lower valence is 
greatest in the scandium group, which never exhibits 
lower than plus three states in its compounds, and 
diminishes across the periodic table, iron, cobalt, 
and nickel never forming the theoretical maxima of 
covalent bonds. 

The copper group elements are diagramed as transi- 
tion elements despite the usual assignment of 18 
electrons in the next-to-outermost shell. This is 
because these elements clearly exhibit transitional 
properties, with oxidation states greater than plus 
one, in addition to having some rather unique proper- 
ties of their own. But other than convenience, 
there is no justification whatever for the common 
classification of the zinc group as transitional. These 
elements are clearly 18-shell elements, using only 
the outermost principal energy level for valence, 
and zinc, for example, bears exactly the same kind 
of relationship to magnesium as gallium to aluminum 
and germanium to silicon. 

The valence structure of ions has not been included 
in Figure 2 as such, but in most cases it can easily 
be inferred from the structure of the corresponding atom. 

An instructor can easily prepare an extensive list 
of questions about valence and the prediction of both 
formulas and properties of compounds. Practice in 
answering these with the help of this new chart should 
be extremely instructive and useful to students learning 
chemistry. 


WHO TEACHES SCIENCE IN HIGH SCHOOLS? 


A REpoRT entitled ‘‘The Academic and Teaching Backgrounds of Secondary Science Teachers 
in the State of Ohio’’ has been prepared by Professor Charles L. Koelsche of the University of 
Toledo. The typical data it provides will be of interest to all concerned with the quality of science 


instruction. 


For example, 96.5% of Ohio’s high school chemistry teachers had some courses in 


chemistry; 22% had 10 credits or less; 13.3% had 31 or more. Copies of the report are available 
from the Research Foundation at the University of Toledo. 
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SYSTEMATIC DETECTION OF ANIONS THROUGH 
THEIR PARENT ELEMENTS 


Vantous attempts have been made to work out a 
scheme for the separation and detection of anions 
analogous to those in use for the analysis of cations, 
namely by division into groups through successive 
precipitations. None of these proposals has been 
adopted universally, largely because of the difficulty 
of reconciling the conditions permitting the coexistence 
of the various anions with the conditions requisite to 
their clean separation. Consequently, many prefer 
the use of individual tests for each anion. Even 
though such tests are often satisfactory, they some- 
times are difficult to execute, particularly for begin- 
ners. Some of these procedures demand much time 
and material. Futhermore the large number of anions 
that needs to be taken into account makes the entire 
scheme lengthy, even though many of the tests will 
be negative. 

The analytical procedure obviously would be short- 
ened and simplified if the anions,. even without 
separation, could be classified into groups with respect 
to their behavior toward certain reagents, provided 
that the presence or absence of the anions belonging 
toa particular group could be established by a special 
test. In view of the availability of tests which permit 
the grouping of anions from several standpoints, it 
is thus possible, even though a systematic order is 
lacking, to employ at least a methodical procedure 
to eliminate in advance the possibility of the presence 
of various anions, and thus considerably reduce the 
number of confirmatory tests that need to be conducted. 


ELEMENTAL ANALYSIS 


We have developed a system of preliminary tests to 
reduce the detection of the acid constituents to a 
problem of ultimate analysis, aiming first of all at 
the detection of the parent elements of the anions, no 
matter what their state of combination. Besides 
permitting a simpler classification of the anions on 
the basis of their parent elements, this scheme, if 
combined with other preliminary tests now in wide 
use (precipitation reactions with cations, reducing or 
oxidizig behavior, etc.) considerably facilitates the 
elimin ‘tions since, under certain conditions, many 
anions are mutually excluding. Therefore, the estab- 
lishme:it of the presence of certain anions likewise 
establishes the absence of certain other anions and 
makes iests for these latter superfluous. The number 
of tesis required to prove the identity of the cations 
— will consequently be decreased con- 
siderably, 
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The system of tests suggested here employs reac- 
tions now in common use, the investigations of the 
various anions being limited to their ability to produce 
certain readily identifiable substances such as ammonia, 
hydrogen cyanide, hydrogen sulfide, silver halides, 
and a few others. 

The fact that some anions may show their presence 
in more than one phase of the procedure, depending on 
the conditions and the intensity of the action of the 
redox reagent employed, is of no special consequence, 
since the anions invariably reveal the characteristics 
of the element from which they originate. 

The tests based on the formation of insoluble com- 
pounds (salts of Ag+, Ba++, Ca++, Zn++, Ni**, ete.) 
and on the redox behavior are those in common use in 
the most widely used manuals of qualitative analysis 
(1), and consequently the present discussion will be 
limited to those included in the proposed system of 
tests. Accordingly, among the common elements 
which yield acid radicals, we select the following 
arranged in accord with their position in the periodical 
classification of the elements: 


Si P 
As 


Excluding oxygen, all of the following anions may be 
classified within the following groups according to the 
parent elements: 


Nitrogen: NO;-, NO.~, CN~, Fe(CN).~%, Fe(CN).~*, CNS~ 
Arsenic: AsO,~, AsO;~* 

Sulfur: 8,0;7, SO;7, 8.0.7, s0,", 8.0,7 
Chlorine: Cl-, Cl0-, Cl0,~, Cl0;~, Cl0,- 

Bromine: Br-, BrO-, BrO;~ 

Iodine: i; 20, 

Fluorine: F-, SiF.~ 

Phosphorus: HPO,~, HPO;7, PO,~*, P:0;~*, 
Boron: BO,.~, BO;~%, B,O;" 

Silicon: SiF.~ 

Carbon: CO;", C:H;0.~, 


De Koninck (2) was the first to propose a method, 
later developed (1881) by his assistant, H. Slanghen, 
for the detection of nonmetallic elements regardless of 
their state of combination. In principle, this proce- 
dure was that used by Liebig and Volhard for the 
ultimate qualitative analysis of organic materials, 
namely fusion with sodium carbonate plus potassium 
nitrate. The sample is treated with a solution of 
caustic alkali, taken to dryness, and the residue then 
fused with the alkaline oxidizing mixture of carbonate 
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and nitrate. The cooled mass is extracted with 
alcohol and filtered. The filtrate may contain the 
halogens as halides; if present, at all, sulfur, phos- 
phorus, boron, silicon, carbon will now be in the form 
of salts representing the highest oxidation level: 
sulfate, phosphate, borate, silicate, carbonate. Arse- 
nic, chromium, manganese emerge as arsenate, chro- 
mate, manganate. The nitrogen of ammonium and 
cyanide compounds is set free. Since nitrate is one 
of the reagents, nitrite and nitrate must be sought in a 
separate portion of the material being analyzed. 

The reduction method by Hempel (3) uses metallic 
sodium, which is in line with the Lassaigne procedure 
(4) in which metallic potassium was employed for the 
ultimate analysis of organic compounds. The reduc- 
tions are rapidly accomplished but the substitution 
of metallic magnesium or aluminum is advised be- 
cause of the violence of the reaction with the alkali 
metals. Sulfur compounds are reduced to sulfide, 
nitrogenous materials yield cyanide, the halogens 
appear as halides, and borates and silicates are reduced 
to boron and silicon. 

The powerful reducing action of metal hydrides 
can be employed (4). For example, it has been found 
(6) that the sulfates, including the alkali and also the 
insoluble alkaline earth sulfates, are quantitatively 
transformed to sulfide by heating with calcium hy- 
dride: 


2CaH; + NasSO, > NaS + 2CaO + 2H20 


Calcium hydride is rather expensive, but calcium 
carbide may be used instead. However, the reaction 
is not quantitative in this case. 

Roumain, Merland, and Mesnard (7) proposed the 
use of potassium borohydride in qualitative mineral 
analysis. If the sample is heated with KBH,, the 
oxy-acids are reduced as follows: ClO;~ and BrO;— 
explosively to Cl- and Br~; IO;~ to I-, and SO,- 
to Ss; NO;- to Ne The oxy-acids of phosphorus 
yield phosphide and phosphine; CO;- and C,O,;- are 
reduced to carbide; the silicates give an unidentified 
residue. The compounds of arsenic and antimony 
produce arsenides and antimonides. The cations of 
the heavy metals are reduced to the metal, whereas 
strongly basic cations retain their positive oxidation 
state. 


THE ANALYSIS SCHEME 
(1) Boil with Alkali 


The sample is first treated with an alkaline reagent, 
as in the usual classic procedure, to avoid the inter- 
ferences which are encountered in an acid medium. 
Thus, if an alkaline hydroxide or carbonate is added 
to a sample containing salts, the ammonia is set free, 
even in the cold, or more rapidly when warmed. 
Under such circumstances, the search for the NH,* 
cation may be included in the initial phase of the 
system of the tests for anions. 

Certain compounds of nitrogen, such as amides, 
imides, nitrides, cyanamides, and cyanates, though 
they do not occur very often in the samples presented 
for analysis, yield ammonia when boiled with a strong 
alkali. 

Other nitrogenous compounds, which yield ammonia 
under these conditions include cyanide, ferrocyanide, 


ferricyanide, thiocyanate. For example, cyanides are 
gradually decomposed by alkaline hydroxides jy 
concentrated solution on boiling to yield amm nia 
and formate. Insoluble ferro- and ferricyanides are 
initially disintegrated and eventually decompos. to 
give the same products as the cyanides. 

The proposed system also permits the use of the 
so-called “prepared solution” which is obtained by 
boiling the sample with sodium carbonate. In this 
case, however, the test for ammonia is impaired and 
furthermore it is necessary also to analyze the re~=idue 
from this treatment, as is usually done (8) becaus: the 
possible presence of certain compounds of very low 
solubility does not always permit a satisfactory dis- 
solution or disintegration of the sample. 


(2) Reduction by Aluminum Metal 


After any ammonia arising from ammonium com- 
pounds has been entirely eliminated, the alkaline 
solution is treated with a metal such as aluminum 
(9, 10, 11) to reduce the nitrate and nitrite to ammonia, 
which can then be detected by the usual tests. Zine 
powder or tin foil may be used but their action is 
slower. Devarda alloy (Cu-50%, Al-45%, Zn-5%) 
may be used to advantage since it reacts almost as 
fast as aluminum but the ebullition is less violent and 
not so much aluminum is introduced into the solution 
(12): 


3NO;- + 8Al° + 50H- + — + 3NH; 
NO,- + 2Al° + OH- + — 2Al0.- + NH; 


In alkaline solution, ferricyanides are initially 
reduced to ferrocyanides, but the reaction is rather 
complicated and to a great extent depends on the 
conditions, allowing the formation of various products, 
including CN-, CNO-, COs, ete. 

Cyanates are not reduced by aluminum in alkaline 
media (13) but simply decompose because of hy- 
drolysis. Likewise, thiocyanate, when heated strongly 
with caustic alkali or soda lime in the presence of 
aluminum, may yield slight amounts of ammonia 
because of the cyanide formed: 


3CNS- + 2Al + 80H~ — + 3CN- + 2Al0.~ + 


However, the authors have found that the difference 
in the intensities of these reactions permits a fairly 
good distinction between NO.— and NO ;~ and other 
anions containing nitrogen. 

To render this part of the procedure more charac- 
teristic for the presence of nitrate or nitrite, with 
avoidance of the decomposition of simple or complex 
cyanides, the caustic alkali or alkali carbonate m:y be 
replaced by Ca(OH)s or by MgO (14) plus metallic 
zine: 

Zn° + Ca(OH). > ZnO + CaO + Hz 


or mercuric oxide may be added to produce the s!:zhtly 
ionized and stable mercuric cyanide or thiocyanat: 


2CN- + HgO + 20H~- + Hg(CN): 


Mercuric oxide (preferably the yellow modific ition) 
completely decomposes the simple and coniplex 
cyanides (insoluble or not) on heating. Co ulti- 
eyanides [Co(CN).]—, however, are not decom) sed. 
For example: 
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SUCATION 


(Fe(CN)s]-* + 3HgO + 3H,0 — 
Fe(OH). + 40H~ + 3Hg(CN)- 

Fe, Fe(CN)s]; + 9HgO + — 
3Fe(OH). + 4Fe(OH); + 9Hg(CN), 


When mercuric oxide is used, part of the As(IIT) may 
be oxidized to As(V) which however is readily detected 
later. Amalgamated aluminum (/5) or sodium amal- 
gam (16) may also be used; in addition to their reduc- 
ing power, they also have the ability to bind the 
cyanide compounds. 

Through their reduction with nascent hydrogen in 
alkaline medium, it is possible to detect also the 
arsenites (17) which are readily reducible, yielding 
arsine (AsH;). This is easily detected with silver 
nitrate paper, but mercuric chloride paper is a better 
test. Dauvé (18) reports that metallic aluminum 
almost always contains silicon. Under the conditions 
of the test, this extraneous silicon may yield SiH,, 
which blackens silver nitrate paper but is without 
effect on mercuric chloride paper. 

In concentrated alkali hydroxide solution, hypo- 
chlorites are converted on heating to chlorides, liber- 
ating oxygen but no chlorine (19): 


2ClO- — 2Cl- + Oz 


Certain other ions are totally or partially reduced 
under these same conditions, e.g., ClO;~, 
SCN-, but since no volatile products result, these 
anions do not interfere with the above tests. 

ClO;- + 3Zn° + — 3Zn0.~ + Cl- + 


+ 4Zn° + 10OH~ — 4Zn0.~ + + 
SCN- + Zn° + 40H- — ZnO.“ + + CN- + 


(3) Fusion with Sodium Formate 


After the NH; and AsH; have been completely 
removed, solid sodium formate is added, the solution 
is taken to dryness and the residue fused. Sodium 
formate melts at 205°-210°, but if heated above 
350°-400°, it decomposes (20) : 


2NaCOOH — Na:CO; + CO + H: 


or a mixture of forraate and alkali (21) when heated 
reacts: 


NaCOOH + NaOH — Na.CO; + H: 


Under these conditions, SCN-, [Fe(CN).]~*, [Fe(C- 
N)s]~* are transformed into CN- with possibly a 
little ammonia being formed; likewise, SCN~-, S205", 
80,-, S,Oe~ are converted into S= along with some 
SO,-. The oxy-halogenated ions yield the respective 
halide ions, and the arsenates (22) are reduced with 
liberation of arsine, which may be detected by the us- 
ual methods. Some elementary arsenic also results; it 
sublimes and forms a mirror on the cold areas of the 
reaction vessel. Small amounts of hydrogen sulfide 
and hydrogen cyanide may be released during the fusion 
with sodium formate. 
If a reducing agent more powerful than sodium 
form:ite is used, SO;-, SO,-, PO,—*, SiO;-, and BO.- 
will .lso be affected. Thus if metallic magnesium or 
calciim is added and the alkaline residue then fused, 
there will be considerable reduction of these ions. 
According to Castellana (23) the fusion mass can pro- 
duce nascent potassium, i.e., a powerful reductant. 
The reduction of sulfates by fusion with sodium carbon- 
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ate and metallic magnesium has been studied by Briick- 


ner (24) and Deussen (25). Lidov (26) based a test 
for the detection of PO,—* in rocks on a fusion of the 
sample with magnesium to produce phosphide, which 
when moistened with water yields phosphine, readily 
detected by its odor or by its reaction with paper im- 
pregnated with silver nitrate or copper acetate. Wede- 
kind and Diirr (27) studied the reduction of silicates by 
metallic calcium. However, all of these reductions are 
usually not complete and some of the original material 
is left. Accordingly we prefer to accomplish the reduc- 
tion by fusion with sodium formate, and te postpone 
the tests for SO,-, PO,—*, SiO;-, BO,~, as well as F~. 
These latter make up a group that is difficult to reduce. 

The fusion with the formate-hydroxide mixture, 
which also contains carbonate derived from the de- 
composition of the formate, renders the silicates more 
basic and decomposes the great majority of the in- 
soluble compounds, producing the carbonates, hy- 
droxides or oxides of the respective metals, as well as 
the water-soluble salts of the respective acids. 


(4) Addition of Acetic Acid 


When the residue from the formate fusion is dis- 
solved in water, the arsenide, resulting from the 
reduction of arsenate, releases arsine which can be 
detected by silver nitrate or mercuric chloride paper. 
After removing the arsine completely by boiling, the 
suspension is filtered. The filtrate containing the 
sodium salts is acidified with acetic acid. If hydrogen 
cyanide and/or hydrogen sulfide are evolved they 
indicate respectively the possible presence of CN-, 
[Fe(CN).]~*. [Fe(CN).]~*,and SCN -, and of S=, 
8.0,-, 8.0;~. The simultaneous evolution of HCN and 
H.S may be due also to the presence of CNS-. The 
two gases may also be obtained because of the presence 
of both CN~- and 8,0;-, which may react to give 
CNS- 


8.0;- + CN- — SO;- + CNS- 


If it is desirable to apply a test of a general character 
(28) which takes in any acid containing nitrogen as 
well as all nitrogenous materials, use may be made of 
the production of nitrous oxides when any of these 
substances is heated with ignited manganese dioxide 
(29). The vapors can be tested with paper impreg- 
nated with Griess reagent or the Saltzmann reagent 
(30). 

The presence of sulfide, thiosulfate, and thiocyanate 
can be specifically confirmed by observing the catalytic 
effect on the iodine-azide reaction (31). 


(5) Oxidation with HNO, 


After the acids HCN and/or HS have been identified, 
the mixture is brought to dryness and the residue 
is taken up in dilute nitric acid and _ filtered. 
This treatment will oxidize all products arising from 
the foregoing reduction of the sulfur and phosphorus 
acids, transforming them into sulfate and phosphate, 
respectively. The organic residues, which apparently 
account for the darkened precipitate when phosphate 
is precipitated by silver (32), are destroyed by this 
oxidizing procedure. The presence of silica in the re- 
sulting residue can be validated only if the preceding 
operations have been conducted in a nickel crucible. 
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(6) Addition of Ba(NO;). Solution 


The acidified filtrate is treated with barium nitrate 
solution. This removes any sulfate ions which may 
have been present from the start either legitimately or 
as impurity. The sulfate may also have arisen from 
sulfite or in a lesser degree from thiosulfate as a result 
of oxidation: 


+ 30: (air) > + 280, 


or from CNS-~, 8,0;-, SO;7, ete., which can give rise to 
SO,- through reactions such as: 
480;~ + 380,~ + 
38.0,~ + 9H,O — 5SO,;~ + + 6H;O* 
8.0;~ + 3H,0 + 2H;0+ 
In any event, the presence of sulfate ions indicates the 
presence of anions derived from sulfur. 

At this stage the solution will therefore contain, 
besides the halides including F~, the anions coming 
from acid radicals which are decomposed or reduced 
with difficulty under the ordinary conditions, such as 
and BO,-. 


(7, 8) Precipitations with Silver Nitrate Solution 


The addition of silver ions to an acidified solution 
will precipitate the silver halides (except fluoride) and 
indicate the presence of the corresponding halide ions. 
This precipitate is subjected to the usual procedure to 
verify the presence of ch'oride, bromide, iodide. 
Taken in conjunction with the results of the other 
preliminary tests, the findings are used later to estab- 
lish the presence of the respective anions. 

The solution is then buffered at approximately 
pH = 5.5 by adding sodium acetate-acetic acid solution, 
and the phosphate is precipitated as silver phosphate. 


(9) Tests for Fluoride and Borate 


The neutral or faintly ammoniacal solution may be 
tested for fluoride by precipitation of CaF2. Finally, 
the test for borate is conducted on the last filtrate. 

Separate portions of the solution may also be taken 
for individual tests for PO,—*, F-, and BO.-, and with- 
out any separations, by employing separate parts of the 
filtrate obtained after precipitating the silver halides. 

Since the [SiF,]~ ion is destroyed by bases, it 
consequently is decomposed on treatment with caustic 
alkali solution or when fused with sodium carbonate: 


+ 60H~ — 6F~ + + 


Under these circumstances, the concurrent presence of 
SiO;- and F- ions may indicate the presence of 
[SiFs]- in the original sample, a possibility that 
must be explored with a separate portion of the un- 
known. 

The usual procedures are used to determine the 
presence of anions containing carbon, namely carbonate, 
acetate, oxalate, which are customarily included in 
inorganic qualitative analysis. Individual tests are 
emp'oyed for these. 


WORKING DIRECTIONS 


(1) A small test tube is used, or a nickel crucible if SiO;- 
ions need to be considered. About 20-30 mg. of the solid, or a 
volume of the solution containing a comparable weight of the dis- 
solved solid, is treated with 1-2 ml. of 3 N sodium hydroxide 
and the mixture or suspension is brought to a gentle boil. The 
mouth of the test tube or crucible is covered with a disc of filter 


paper impregnated with a solution of MnSO, + H2O2. If om. 
monia is evolved, proving the presence of ammonium salts, ‘he 
paper will turn brown. This is due to the formation of MnO. re- 
sulting from the oxidation of Mn(II) by hydrogen peroxide in ‘he 
resulting alkaline medium. 

All of the ammonia coming from the ammonium salts or deri ved 
from the hydrolysis of any nitrogenous compounds must be «. 
pletely removed before proceeding to test for nitrate and nit 
This removal may be accomplished by continuing the heating 
sodium hydroxide or if necessary by evaporating the solu: 
almost to dryness and then taking the residue ap in water. 

(2) If the volume of the solution has been considerabl, 
minished, a little more water should be added. About 20 ng. 
of aluminum powder (or Devarda’s alloy) is introduced and the 
suspension gently heated. NO.~ and NO;~ are reduced to im- 
monia and the latter is verified by means of MnSO, + H.O, 
paper exposed to the vapors. Likewise, AsO;~ is reduced tv ar- 
sine whose presence can be disclosed by the yellow or brown 
stain appearing after a few minutes if paper impregnated with a 
3% solution of HgCl, is placed at the mouth of the test tule or 
crucible. 

(3) About 0.5 g. of solid sodium formate is then added, the 
mixture taken to dryness, fused, and heated for 3-5 minutes at 
400°-500°; During the fusion, HgCl.-paper should be held close 
to the mouth of the vessel to detect any arsine produced by the 
reduction of arsenate (As;O,~*). Elementary arsenic may be 
liberated during the fusion; it will sublime and produce a mirror 
on the cold part of the test tube or crucible. Slight quantities 
of HCN and H.S may be released. Since the latter interferes 
with the test for arsenic, it may be trapped by a plug of cotton 
soaked with saturated lead acetate solution and placed on top of 
the test tube. 

The mixture is allowed to cool and the residue is then taken up 
in water. The HgCl.-paper should be kept over the mouth of the 
vessel to reveal any arsine formed by the action of water on ar- 
senide. The solution is then warmed gently to expel the arsine 
completely, and then filtered or centrifuged. 

(4) The clear alkaline filtrate or centrifugate is made acid to 
litmus paper with 6 N acetic acid. The solution is warmed and 
the resulting vapors tested with lead acetate paper to reveal H.S. 
The vapors are also tested with (NH,).S-paper, to which has 
been added a 1% solution of FeCl; to detect HCN. If no H.S is 
found, the HCN may be detected by means of copper acetate- 
benzidine acetate reagent. A positive response to the test for 
H.S indicates the possible presence of S=, CNS~, 8.0,-, 
8.0;7. Similarly the presence of HCN signals the possible pres- 
ence of CN-, CNS-, [Fe(CN).]~*, 

(5) The solution is now treated by evaporation to dryness, 
the residue is taken up in 1 ml. of 2 N HNOs, warmed gently, 
and filtered. If it is desired to test for silicate, the residue 
is fused in a platinum loop with Na,CO;. (In this case the pre- 
vious operations must have been conducted in a nickel crucible.) 
The material remaining in the loop is tested with a warm solu- 
tion of ammonium molybdate in nitric acid. A yellow color indi- 
cates silicate. If a drop of the solution is then placed on filter 
paper and treated with 1-2 drops of a solution of benzidine in 
acetic acid, and then exposed to NH; vapors, a blue color appears 
if silica is present. In case a test for silicate is not to be per- 
formed, the acid-insoluble residue is thrown away. 

(6) The acidic filtrate is treated with 1 N Ba(NOs): solution 
added drop by drop. Since Ba(NOs)- is only slightly soluble ina 
solution containing a high concentration of nitrate ions, the pre- 
cipitate may not be BaSO, but Ba(NO;)z. However, the !:tter 
is soluble in hot water. The formation of a BaSQ, precipitate 
indicates the possible presence of SO;7, SOQ.~, S:,0;7 ani of 
sulfur-bearing anions in general. The suspension is allow! te 
stand for 5 minutes and then filtered. 

(7) The silver halides (AgCl, AgBr, Agl) are precipitat::| by 
adding 1 N AgNO; solution. The suspension is filtered or c\\tri- 
fuged and the usual methods are applied to learn the ident: » of 
the halide ions present. 

(8) The filtrate is made just neutral to litmus by adding | 
of 3 N NaOH. Excess alkali must be avoided since hyd : 
silver oxide dissolves but slowly. The neutral solution is 
treated with 0.5 ml. of 3 N acetic acid and more (0.5-1 ml. 
AgNO; if necessary, and heated gently to 80°-90°. A \ 
precipitate (Ag;PO,) indicates the presence of phosphorus- 
ing anions. The identity of the precipitate is established |»: 
solving it in 6 N HNO; and placing 1 drop of the solution 
filter paper. The spot is treated with 1 drop of amm«' \m 
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molvbdate-tartaric acid solution (5 g. ammonium molybdate and 

15 g. tartaric acid dissolved in 100 ml. of 6 N nitric acid.) The 
per is warmed over an asbestos-covered wire gauze and then 

treated with 1 drop of benzidine solution (0.005 g. benzidine base 

dissolved in 10 ml. concentrated acetic acid and then diluted to 

100 ml.). If phosphate is present, the spot turns blue on ex- 
ure to ammonia vapors. 

(9) The filtrate is made neutral or faintly basic by adding drops 
of 6 V ammonium hydroxide. Then a 2 N solution of calcium 
acetite is added until all of the CaF, is precipitated. The sus- 
pension is brought to boiling, allowed to stand 5 minutes, and 
filtered. The precipitate is calcined, digested with acetic acid, 
diluted, filtered, and the residue is treated with 4 or 5 drops of 
the following reagent: 0.05 g. of zirconium nitrate in 50 ml. of 
water plus 10 ml. of concentrated HCl; the solution is then mixed 
with a solution of 0.05 g. sodium alizarin sulfonate in 50 ml. of 
water. This reagent dissolves calcium fluoride with the pro- 
duction of [ZrF,]- ions and free alizarin sulfonic acid. A 
yellow color appears if fluoride is present. 

(10) The filtrate is tested for borate ions. A few drops of con- 
centrated H,SO, are added to the filtrate in a porcelain dish and 
the liquid taken almost to dryness. A little methyl alcohol is 
added and the vapors set on fire. Methyl borate, (CH;);BOs, 
burns with a green flame. Alternatively, 2 or 3 drops of a 0.01% 
solution of quinalizarin (1,2,5,8-tetrahydroxyanthraquinone) in 
concentrated H,SO, are added to the filtrate. If borate is pres- 
ent, the violet color changes to blue. 

The following schematic outline summarizes these successive 
steps: (¢ = gas or volatile products; | = precipitate or in- 
soluble residue) 


Procedure: Observation: Inference: 
1. Treat sample with NH; NH,+ 
NaOH and boil. 
2. Add Al and boil. NH; NO,-, NO;— 
AsO,~ 
3. Fuse with NaOCH. H;As t AsO,-3 


Add water and 
boil. 

4. Filter and add HAc HCN ft 
to the filtrate. 


CN-, Fe(CN).~4, 
Fe(CN),.~*, CNS~ 
HS 8.05", CNS- 
5. Evaporate to dry- SiO. Si0;-, SiF.~ 


ness and add HNO; 
6. Add Ba(NO,)s. BaSO,} SO.", $,0,-, 
8.0;, CNS~ 
7. Add AgNQO3. AgCl Cl-, ClO-, ClO,-, 
ClO;—, ClO,~ 
AgBr | Br-, BrO-, BrO,~ 
Agl | 
8. Neutralize with AgsPO, | H.PO.-, HPO; oe 
NaOH; add PO, P,07—4, 
HC,H;0, and (PO3~)n 
AgNO. 
9. Neutralize with CaF, | F-, SiF.~ 
NH,OH; add 
10. Evaporate to dry- BO;(CHs);3 t BO, BO; 
ness add H.SO, 
and CH;OH. 
Ignite the 
vapors. 
SUMMARY 


Each test in this scheme establishes immediately 
the ahsence or presence of one or more of the materials 
included in the compilation. Hence if a negative 
response is obtained, all of the usual procedures for 
detecting these particular ions may be omitted. In 
this sense these group tests are used to establish the 
absence of particular anions rather than their presence. 

Mos: samples contain not more than three or four 
anions. Accordingly, even in the most unfavorable 
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instances, when all of these anions belong to different 
test groups, the number of other tests that can be 
omitted is still considerable. After these preliminary 
group tests have been completed, a brief study of 
their revelations combined with the results of the 
other customary preliminary tests such as those for 
volatile oxidizing or reducing acids will restrict even 
more the number of anions that may be present. A 
few confirmatory tests will then usually suffice. The 
net result is that the search for anions is not only 
accomplished in less time but with more reliability. 

Finally, since the scheme outlined here is’ based on 
the chemical nature of the parent elements, the effects 
of the reciprocal interferences between the anions is 
eliminated. 
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THE PRINCIPLE OF MINIMUM BENDING OF 
ORBITALS 


How can one explain the presence of hindered rotation 
in ethane and in ethanelike molecules? How does 
one explain the trans-effect of Chernyaev; the pre- 
dominance of chair-form cyclohexanes over boat-form; 
trans elimination reactions; anomalous bond angles 
in simple inorganic molecules, ‘strained’? bonding? 
These and related phenomena that are usually discussed 
in a purely descriptive way are the subject of this 
paper. We present here a principle of valency that 
accounts for these phenomena in a clear and easily 
understood manner. 

Modern theories of valence are incomplete in their 
ability to account for the stereochemical character of 
many molecules and activated complexes. Our purpose 
here is to show how the “principle of minimum bending 
of orbitals” (1) provides a clear and sound theoretical 
basis for understanding ground and excited state con- 
formation chemistry. 

We first must explain the theoretical basis of this 
principle and fit it into the general valence theory and 
we will find that, after our quantum mechanical 
analysis, simple statements such as “electrons hate to 
go around corners” and ‘molecular orbitals have high 
surface energies” contain the essence of the matter. 


GENERAL THEORY 


The advent of wave mechanics resulted in the ‘‘in 
principle” (2) solution of all chemical and structural 
properties of molecules. The small number of problems 
that are amenable to exact mathematical solution has 
led to approximation methods which have been extremely 
fruitful in providing quantitative results about chem- 
ical structure and have given a sound theoretical basis 
for many of the gross aspects of structure. Both 
valence-bond and molecular-orbital methods (3, 4) 
have led to a better understanding of molecular 
structure in terms of orbitals with directional properties, 
and the concepts of maximum overlapping (4) and of 
hybridization (5) have especially aided the interpreta- 
tion of the directional properties of bonds. The 
tetrahedral angles of the normal carbon are well 
understood in terms of sp* hybrid orbitals, and the 
assigning of more or less p or d character to bonds has 
given some basis for understanding anomalous bond 
angles. The arbitrary assignment of variable degrees 
of bybridization does not explain completely these 
effects. 

Much of the valence-bond and molecular-orbital con- 
sideration has emphasized the potential energy effect 
of the nucleus with its inner electron shells, and it is 
only in the free-electron model (6) that we meet face to 
face the kinetic energy effect. In the more exact 
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valence-bond or molecular-orbital methods the wave 
functions used are very sensitive to the approximations 
that it is necessary to make and, as Pople (7) has 
pointed out, these approximations are especially 
sensitive to the kinetic energy operator. The free- 
electron model, or particle-in-a-box, stresses the im- 
portance of the dimensions of the box in assigning 
energy levels. Even here, one is very likely to neglect 
a secondary effect due to kinetic energy. It is this 
secondary kinetic energy effect that we will develop. 

The “principle of minimum bending of orbitals”’ is to 
be found in the close examination of the wave equation. 
Consider the charge-cloud interpretation (3, 4) of the 
eigenfunction, y, of the wave equation where y’ is a 
measure of the density of the electron cloud. We find 
that the cloud is confined to a small region near the 
nuclei, and y contours can be drawn such that a definite 
percentage of the charge is contained within that 
contour. It has been found that the shapes of these 
boundary surfaces are very significant in the elucida- 
tion of the stereochemistry of molecules This electron 
cloud behaves very much like a fluid of high surface 
tension in that it will seek minimum curvature of the 
boundary surface consistent with minimum potential 
energy (8). That this is so can be seen by an examina- 
tion of the Hamiltonian operator. The energy of a 
given eigenfunction is found by application of the 
Hamiltonian operator: Hy = Ey. If we examine the 
kinetic energy portion of the Hamiltonian, we find it is 
composed of a curvature (second derivative) term for 
each of the coordinates. In the unidimensional iree- 
electron model only one second derivative is retained, 
corresponding to curvature in one dimension, and the 
energy is minimized by lengthening the path of the 
electron. A more careful treatment would retain the 
other second derivatives and we would find energy 
contributions dependent on the extent of curvature 
along these other coordinates. Note that, i the 
separation of variables in the complete wave equ:ition 
of a system, we tend to lose sight of the fact that the 
variables are not necessarily separated in the complete 
Hamiltonian, and operating on the complete wave 
function leads to unique one-dimensional energ’ P2- 
rameters only in the case of Cartesian coordinate= hb 
deed, the inseparability of so many wave equ:'10ns 
points out the generality of this dimensional inter: ‘100. 

With this discussion in mind, then, we are led « » the 
following more complete picture of chemical boring. 
We classify the effects that determine the siz: and 
shape of orbitals in the order of their significance. 

(1) Potential and kinetic energy about a ~ingle 
nucleus: brings the electrons in close to the nucle, 2” 
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efiect of the order of a few hun- 
dred kilocalories as measured 
by the ionization potentials. 

2) Lowering of kinetic 
encrgy by spreading over more 
than one nucleus. 

(a) Unidimensional: 
terds to extend the path of 
ele-trons by delocalization of 
the orbital over as many nuclei 
as possible. This effect can be 
me:sured as being of the order 
of bond energies. 

(b) Resists curvature by 
minimizing the bending of 
orbitals and by smoothing the 
surface of the orbital—an y, 
effect of the order of a few ” ies 
kilocalories. la. 

Effect 2b provides the basis 
for the “principle of minimum 
bending of orbitals’ and this will lead us to the fluid- 
drop model of valence when combined with effect 2a. 
But first we will consider examples that are primarily 
concerned with bending alone. 


ETHANE BARRIER 


One of the interesting applications of this concept 
is to the problem of a barrier to free rotation in ethane 
and ethane-like molecules. The early quantum me- 
chanical analysis of this problem by Eyring (9), showed 
that the usual steric factors can account for only 
about a tenth of the existing barrier. Extension of 
this work in subsequent years has not resolved the 
problem (10,11). Approximations based on effect 2b do 
yield results of the correct order of magnitude and 
indicate that the barriers exist primarily as a result of 
resistance to the bending of molecular orbitals (12a, 12b). 

Ethane exists in two conformations, staggered and 
eclipsed (Figure la), with the staggered conformation 
being more stable by about three kilocalories. We 
find that ethane can be considered as being composed of 
three four-nuclei paths over which electrons delocalize 
somewhat (Figure 1b). In the staggered conformation 
the four nuclei are found to lie in a plane, but in assuming 
the eclipsed conformation one of the terminal nuclei is 
rotated sixty degrees out of this plane, resulting in an 
additional bending of the molecular orbital (Figure 1c). 
An alternative choice of four-center orbitals is illustrated 
in Figure 1d in which the staggered conformation 
provides a rather straight path in comparison with the 
semicircular path representing the eclipsed conforma- 
tion, and the curvature difference of the two conforma- 
tions should be treated as a perturbation. 

The delocalization of the electrons in ethane can be 
thought of in terms of Mulliken’s hyperconjugation 
effect (13) with CH;-groups or better, in some cases, in 
terms of a-hydrogen bonding (/4), and is largely 
brought about by effect 2a. The straighter or smoother 
paths in the staggered conformation of the ethane-like 
molecules account for the greater stability of this 
form and illustrate the idea that electrons hate to go 
around corners. 


CYCLOHEXANES 
The predominance of the chair conformation of 


Staggered 
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Figure 1 


cyclohexanes over the boat form has been well estab- 
lished (15). Utilizing the foregoing discussion of 
ethane we see that the chair-form is composed of the 
same four-center orbitals as the more stable staggered 
molecule (Figure 2). The boat-form, however, has 
the less stable, bent, four-center orbitals found in the 
eclipsed conformation of ethane. 

Here, again, the electrons prefer the straighter path- 
ways provided by trans conformation of four-center 
obitals. 


Figure 2 
CONJUGATED SYSTEMS 


A logical extension of these arguments is to the cis- 
trans isomers found in the conjugated dienes. Here we 
have the normal delocalization provided by the pi- 
orbitals of the double bonds and need not look for 
hyperconjugative or other resonance effects to provide 
delocalization over the many-center orbitals. The 
triene benzene is one of the best examples of conjugated 
double bonds restricting a molecule to a planar con- 
figuration and the advantage of a closed circular 
pathway provided by the cyclic structure far exceeds 
any disadvantage from the cis arrangement of the four 
carbon groupings. The fact that conjugated double 
bonds restrict a molecule to a planar configuration can 
be interpreted as the resistance of an orbital to curvature. 
Admitting that the restriction of these conjugated 
systems to a plane is a kinetic effect, effect 2b ,we look 
for the evidence of this curvature effect within the plane. 
The illustration of this is 


found in the comparison of 
the s-cis, s-trans isomers of Notfc 
conjugated chains such as cH ay 
butadiene, acraldehyde, and en 


crotonaldehyde (Figure 3). 

Mulliken’s calculations for butadiene indicate that 
the s-trans form predominates and is more stable than 
the s-cis (16, 17). Bradacs and Kahivec (18) come to 
the same conclusion from Raman spectra as did Shoma- 
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ker and Pauling (19) from electron diffraction studies. 
Aston, Szasz, Wooley, and Brickwedde (20), on the 
basis of entropy and specific heat measurements, state 
that the two forms differ in energy by 2.3 kcal. per 
mole and are separated by a 2.6 kcal.-per-mole barrier—- 
the s-cis being the higher energy form. LuValle and 
Shomaker find the s-trans form predominant in glyoxal 
and dimethyl glyoxal (21). Mackle and Sutton (22) 
from electron distribution curves find evidence for an 
s-trans/s-cis ratio between 3/1 and 6/1. It is also 
interesting that they find no evidence for the d-cis 
form in either the s-trans or s-cis (Figure 4) form of 
crotonaldehyde. More about that later. This evi- 
dence indicates that the elongated trans form has a 
lower energy than the semicircular cis form by roughly 
2 to 3 kcal. per mole— about the same as the ethane 
barrier. It also indicates that delocalization across the 
carbon-carbon single bond occurs more readily in the 
minimum curvature trans form. 

The nonexistence of d-cis crotonaldehyde is particu- 
larly interesting as one expects the hyperconjugation 
delocalization from the terminal methyl group of the 
crotonaldehyde to conjugate with the delocalization of 
the rest of the molecule across the smoother path 
provided by the trans conformation. However, it 
would be suprising if the hyperconjugative effect were 
greater than is the normal diene conjugation and the 
complete exclusion of the other isomer is improbable. 

A supporting piece of evidence is gained from proton 
nuclear resonance studies (23) which show that in a 
styrene molecule (Figure 5) there is a higher electron 
density trans to the benzene moiety than at the cis 
proton—again supporting the postulated greater de- 
localization through the straighter trans pathway. 


BAEYER STRAIN THEORY 


The first formal recognition of strained chemical 
bonds was announced in the Baeyer strain theory (24). 
The tetrahedral bonding of carbon atoms proposed by 
van’t Hoff and leBel had been most successful in 
explaining the optical activity of the carbon compounds 
(25, 26). The perplexing problem of the nontetrahe- 
dral angles of cyclopropane and cyclobutane could be 
explained only through recognition of a strained bend- 
ing of the normal tetrahedral bonds. Thermodynamic 
investigations subsequently established the existence 
of an instability energy directly related to the extent 
of bending of the carbon bonds. 

We now understand how the strain energy arises. 
In the cycloalkanes of five carbons or less and in their 
heterocyclic analogues there is a definite amount of 
energy which can be related to the extent that the 
carbon bond angles are deformed from the normal sp* 
tetrahedral angle (Table 1). 


The strained angles decr: ise 
delocalization with a result int 
loss of stabilization energy 
from delocalization. ere 
again we have an effect of the 
same order of magnitude as the 
ethane barrier and in the «ase 
of the smaller molecules the 
effect even exceeds that in 
ethane. The small amou::: of 
puckering, as in cyclobui:ne 
(29), represents a balance between the striving for 
planarity to minimize curvature and the relieving of the 
strained H—C—C—H orbitals. 


(Not found) 


TABLE 1 
Heats of Combustion per CH, Unit for Cyclic Alkanes 
(27, 28) in k cal. 
4 
165.5 


H 


Proton magnetic resonance 
shows high electron density 
in trans position. 


Figure 5 


THE FLUID-DROP ORBITAL MODEL 


We wish now to consider examples that illustrate the 
fluid-drop analogy and contain more of the ‘‘surface” 
phenomena of effect 2b and a more active illustration of 
effect 2a. That is to say that we are concerned with 
more than just the extent of curvature imposed on an 
orbital. The combined kinetic effect produces an 
orbital that will try to minimize its surface energy by 
having a smooth surface with a minimum of curvature 
and that will tend to delocalize that orbital over as 
long a pathway as possible by effect 2a. One of the 
best illustrations of this is the hydrogen molecule. 

As two hydrogen atoms approach each other, each 
atom has an electron in the /s orbital. Effect 2a 
tells us that these electrons would like to have longer 
paths. When the two hydrogen atoms come together 
their atomic orbitals fuse into a molecular orbital which 
results in a lowering of the kinetic energy as governed 
by the Wilson-Sommerfeld quantization rule: pg = 
nh. Complying with both the quantization rule and 
the exclusion principle, the electrons have found a 
longer pathway (Figure 6) and retained a smooth 

orbital surface closely re- 


sembling the fusion of two 
fluid drops. 


We have spoken of m::ny- 
center orbitals as a res\:'t of 
this kinetic effect pro 
ing delocalization. In this 
section we will show how 
the orbitals will actually 
“flow” into regions |ow 
potential energy (30) \ hile 
maintaining a mini um 
surface energy consi-'cnt 
with that potential fiel’. 
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THE TRANS-EFFECT OF CHERNYAEV 


This effect was first postulated by Werner (31) to 
account fo. the Peyrone and Jorgensen reactions of the 
jsomers of dichlorodiammineplatinum (Figures 7 and 8) 
and was formulated by Chernyaev as a regularity of 
the effect of acidic ligands exercising a much greater 
labilizing effect on bonds trans to the ligand than do 


NHs 


Pt ( 
NH; NH; 
Figure 7. Peyrone Reaction 


neutral coordinating groups (32). Syrkin (33) has 
recently developed a reasonable explanation of this 
effect in terms of hybridization and resonance, but we 
feel that the principles discussed here provide added 
clarification of the factors involved. 

Consider first the Peyrone reaction (34). The 
labilizing of one of the chlorines prior to entry by the 
reacting ammonia produces a potential hole in the 
activated complex into which the chlorine-platinum 
orbitals will tend to “flow” by the delocalization at- 
tributable to the kinetic effect 2a. That the chlorine- 
platinum orbital will be the one to delocalize is under- 
stood if one considers the ortho-para directing char- 
acter of a chlorine-substituted benzene. Effect 2b, 
minimum curvature, will allow a greater delocalization 
if the potential hole is in a trans position than if the 
orbital must delocalize at right angles to the cis position. 
This leads to a greater stabilization of the trans elimina- 
tion activated complex and a greater probability of 
substitution in the trans position. 

In the Jorgensen reaction (35), the same argument 
holds where removal of the ligand trans to the chlorine 
leaves the potential hole in the square-planar activated 
complex axial to the chlorine-platinum orbital facilitat- 
ing its delocalization and the stabilization of the 
activated complex. 


CIN NH; 


In like manner, we are led to an interpretation of 
such phenomena as the higher dissociation constants of 
the trans forms of compounds such as Pt(NH3;)2(OH): 
(36, 37) and [Pt(NH;)2(H?O)2]++ (38, 39) (Table 2). 


TABLE 2 
Dissociation Constants 


Pt(NH;)2(OH )e ** 
Re K, 


Cis 0.16 X 107 afr: 2.76 X 10-* 4.79 X 10-* 
Trans 9.63 X 107 0.12 X10-" 4.79 4.17 X 107° 


In keeping with these arguments, we expect that un- 
saturated ligands with their readily available delocalized 
electrons would display an enhanced trans-effect, as 
indeed, they do. Ligands such as carbon monoxide and 
olefins give a very high ‘rans-effect (40). 


ORGANIC ELIMINATION REACTIONS 


From the foregoing discussion we have a model by 
which we can understand the mechanism of the trans 
eliminations of organic chemistry. Let us discuss the 
elimination reaction of the 2,3 halobutanes. 

From the discussion of the ethane barrier it is 
apparent that in butane the preferred conformation will 
be staggered with the two terminal methyl groups in 
trans arrangement. This arrangement is supported by 
the potential curves of Pitzer (41, 42) (Figure 9). In 
the 2,3 halobutanes the 2 and 3 carbons will be asym- 
metric and we have a meso form and a D,L pair (Figure 
10). 

In the meso form, with the CH;- groups trans to one 
another, the bromines are also trans to each other. 


T 
CHsCHs 


180 360 


Figure 9 


This is also in accord with the postulate that the pre- 
ferred orientation of a dihalide molecule is such that the 
smallest group of an asymmetric carbon atom will lie 
between the two largest groups on the other asymmetric 
carbon atom (43). This latter postulate does not seem 
reasonable for the p,L form as one would expect one of 
the electron-donating pairs to take a trans conformation 
for the lowest energy. Of the three possible forms of 
one of the p,L pair we will choose the one with the 
bromines trans as this will facilitate the trans elimina- 
tion. 

The trans elimination reaction from the meso form 
will yield the trans butene while the reaction of the p,L 
pair will lead to the cis isomer. Examination of the 
models as the reaction takes place reveals that the 
elimination in the meso form proceeds with a continual 
smoothing of the four carbon delocalization path while 


cl- 
_Pt Pt 
" NH; NH; Cl NH; 
ing of the NE cl Pa 
NH; NH; 
c Alkanes N + 
Ci 
6 
157.4 
ance 
sity 
x 
Pt NH; Pt 
Cl Cl NH; 
Cl 
t 
Cl > 
+ 
Cl NH; # 
Pt 
| 
Cl 
Cl 
Figure 8. Jorgensen Reaction 
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CHs Br 


trons di 
Figure 10 


meso 


the D,L to cis reaction represents an increase in the curva- 
ture of the four carbon delocalization orbital. This 
explains why the elimination reaction of the meso 
isomer proceeds at a faster rate (43). 

The mechanism of the elimination reaction can be 
understood in the same way as the trans-effect of the 
metal chelates. The removal of an atom such as 
bromine leaves a potential hole into which the adjacent 
orbitals will tend to extend. If the bromine on the 
adjacent atom is in a position trans to the first, this 
extension is enhanced by a straighter path and this 
intermediate complex in the elimination is stabilized for 
sufficient time to eliminate the second bromine. 
Dehalogenation by a two step trans elimination mecha- 
nism is preferred. 

It is noted that substitution reactions can be analyzed 
in an identical manner. 


COMPOUNDS OF THE FIRST AND SECOND PERIOD 


Before proceeding with the analysis a few introductory 
remarks are in order. The classification of ground 
state structures of simple compounds into linear and 
bent configurations on the basis of molecular type and 
number of valence electrons has long been recognized 
(44, 45) and the work of Walsh (46) and of Mulliken 
(47) has clarified the matter with interpretations based 
on the assignment of bonding and antibonding orbitals 
and their energy dependence on the angular disposition 
of these orbitals. The use of equivalent orbitals (48) 
leads to a further understanding of the angles in these 
bent orbitals but, as yet, there is no method of predict- 
ing the angles a priori. Neglect of the kinetic energy 
effects discussed hinders the understanding of the 
trends found in these molecules and the details of 
their structure. Inclusion of these principles leads to 
a qualitative understanding of the relative bending 
of these molecules. 


Type AH, 


The presentation here is designed to focus attention 
on the role of kinetic energy in determining orbital 
shapes and position. 

The application of the principles outlined leads us to 


oem 
& 
5 ats) 


Figure 11 


Polarization of 
No-Bond Electrons 


a qualitative understanding 0: the 
structure of simple molecules and 
the observed structural trends. We 
will begin the discussion by cop. 
structing a water molecule in such 
a manner that we can observe each 
effect in its particular role. 

The oxygen atom can be exp. ted 
to have an sp’ tetrahedral st oj 
valence orbitals with two ©’ the 
orbitals having only single elec ‘rons 

in accord with the Hund rule of maximum multiplicity 
(Figure 11a). 

The fluid orbitals with only single electrons wil! haye 
less curvature minimizing force so that the paired 
electron orbitals will expand slightly at their expense 
(49) and the angle between the two bonding orbitals 
will be less than the normal 109° 28’. The two hydro- 
gen atoms with an electron in /s orbitals will overlap 
along the major axis of the one-electron oxygen orbitals 
and fuse into molecular orbitals (Figure 11b) in order to 
provide longer paths for the electrons by virtue of the 
minimization of kinetic energy accomplished, since 
this is not in violation of the exclusion principle as in the 
case of the hydrogen molecule discussed earlier. The 
secondary kinetic energy effect will smooth the weld 
of the orbitals eliminating the excessive curvature at 
the junction (Figure llc). The potential hole provided 
by the proton polarizes the center of gravity of the 
electron distribution in the orbital away from the 
oxygen, and the additional potential center “thins” the 
orbital by providing an additional nucleus for the 
electrons to approach closely. These two effects pull 
the two no-bond orbitals closer to the oxygen and allow 
a slight solid angle expansion so that they cover more 
of the oxygen “‘surface ” (49). The H—O—H angle 
is consequently less than tetrahedral. 

To understand the difference between the OH, and 
SH. molecules we take note of two factors. The 
larger orbitals of sulfur, relative to those of oxygen, | 
fuse with the same hydrogen /s orbital and the lengthen- 
ing of the orbital is accompanied by a greater relative 
“thinning” to achieve a “smooth” orbital surface. 
Also, the lower electronegativity of the sulfur atom 
allows a greater polarization of the electron cloud 
toward the hydrogen nuclei leaving more of the sulfur 
“surface” free to the no-bond orbitals. The greater 
polarization of S—H orbitals also pulls the no-bond 
orbitals closer to the sulfur so that they cover more ol 
the surface. Thus we have an accentuation of the 
effects observed in the OH: model and the H- S—H 
angle approaches a right angle. 

We pause here to note that the molecule: Bell: 
and HgH, have but four valence electrons and cal 
be expected to be linear :\« noted 
by Walsh (46). 

The NH, radical h:s two 
features to distinguish it from 
the OH: model presente! The 
lower electronegativity of the 
nitrogen atom leads ‘0 the 
polarization effect noted in the 
SH: molecule, but nitrog:n Isa 
first period element the 
size effect will be ney’ gible. 
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SDUCATION 


Opposing this is the fact that one of the no-bond orbitals 
contains an unpaired electron. This one-electron no- 
bond orbital will be less effective in commanding an 
extra share of the central atom surface. This latter 
factor will be greater than the electronegativity change, 
and the H—N—H angle is predicted to be slightly 
grenter than that of the OH: molecule. Present 
evidence indicates considerable similarity between the 
two. 

The CH, radical with only one electron in each no- 
bond orbital and with less electronegativity of the 
central atom will leave the no-bond orbitals quite in- 
effective in commanding a share of the central atom 
surface. Spectroscopic studies show the radical to 
have an angle greater than 140° (50). 

Let us recapitulate two of the factors involved: 

(1) Terminal atom electronegativity relative to 
central atom—draws electrons away from the central 
atom leaving more “‘surface”’ of the central atom avail- 


able to no-bond orbitals: important as we go down a — 


periodic family; i.e., OH2, 

(2) The ability of the no-bond orbitals to command 
more or less of the central atom surface depends on the 
polarization forces and on the charge density of the 
orbital: important as we go across a period; i.e. CHa, 
NHe, 


Types AB, and CAB 


So far as is known, all molecules of types AB, and 
ABC containing 16 or less valence electrons are linear 
in their ground state. Walsh (46) has shown through 
orbital correlation diagrams that this should be so. 
C02, COS, CS2, N20, CICN, HgCl., NCO-, N3~, COe*, 
NO.*+, UQ.+*, and AuCl.~: are all linear. 

One of the first things we notice on considering 
triatomic molecules of 17, 18, 19, 20 valence electrons, 
respectively, is that there is a general decrease in the 
apex angle as we increase the number of valence elec- 
trons. If we were considering a series with completed 
octet terminal atoms, the picture would be com- 
pletely analogous to the hydrides where we are filling 
the two no-bond tetrahedral orbitals of the central 
atom and consequently the orbitals command a greater 
portion of the central atom surface. As an example 
of this we observe: NOs» (17 electrons, 132°) and NQ.~ 
(18 electrons, 114°). 

It is of interest here to quote Walsh (46): “Thus the 
fundamental reason why 17 and 18 electron molecules 
have ground states that are bent is because they have 
1 and 2 electrons, respectively, which are in orbitals 
more localized on the central than on the end atoms and 
repel the bond electrons.” 

In the series with electron vacancies in the octet 
of the terminal atom we have a relative electron de- 
ficiency which will aid in the delocalization of the 
electrons of the central atom. The delocalization of 
the electrons on the central atom will resist the curva- 
ture of the molecule by the principle of minimum bend- 
ing of orbitals (Table 3). 

If \.e consider OF; we note that the terminal potential 
hole provided by the fluorines in the two-center 
orbitals are very deep and the orbitals are polarized 
and ihinned to a great extent and we expect more 
closing of the F—O—F angle (101°). We should 
remark here that, by virtue of the extreme electro- 
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TABLE 3 
Effect of Incomplete Terminal Octets 
NO, 132° 
NO.- 115° NOC! 116° NOBr 117° 
OcIO 116.5° 
CIOCI 110° FOF 101° 


negativity of the fluorine, there is little tendency for 
the terminal outer shell electrons to delocalize. In 
OCl., on the other hand, the chlorine has a lower 
electronegativity than fluorine and the polarization will 
be slightly toward the oxygen and the oxygei-chlorine 
two-center orbitals will command slightly more than 
the tetrahedral angle. One is tempted to postulate a 
delocalization of electrons from the terminal chlorine 
atoms, but this effect would be small compared to a 
delocalization from the central atom which is a pro- 
nounced effect only when the terminal atoms have 
incomplete octets of electrons. 

If we were to consider atoms in other than the first 
and second period we would take more note of the 
arguments presented by Mulliken (47) that d-hybridiza- 
tion must be considered. 


Types AH; and AB; 


First noting that the valence electron numbers up 
through 6 for AH; and through 24 for AB; type molecule 
result in planar configurations, the arguments set 
forth in the preceding sections hold for the analogous 
cases here. 

The dipole moments of NH; and NF3, 1.5d and 0.2d 
respectively, have been of some concern but they are 
explained on the basis of the directional properties of 
the lone pair being quite strongly opposed by the N—F 
moment; this is much stronger than the N—-H moment 


(3). 
Isoelectronic Series 


Were a neon atom altered by removing a proton 
from its nucleus to a bond distance, the electrons would 
redistribute themselves to form the hydrogen fluoride 
molecule. Repeating this process a second and a third 
time produces, in turn, the water molecule and the 
ammonia molecule. The electronic configuration of 
the neon atom is such as to minimize the potential and 
kinetic energy about a single nucleus. The exclusion 
principle is the only factor restricting the electronic 
configuration. As each new bond is created as one 
passes down the isoelectronic series Ne, HF, HO, 
NHs, a pair of electrons is channeled along the new 
axis. As directional properties are conferred on 
each succeeding pair of electrons, the remaining no-bond 
orbitals become correspondingly restricted in direction 
because of the Pauli principle. In ammonia, with only 
one no-bond orbital, the unused electron pair must 
already be channeled to form a tetrahedral bond. It is 
not surprising, then, that an extra proton readily adds 
to NH; since it does not have to do the work of channel- 
ing the electron pair it uses, as the other N—H bonds 
have already done this preparatory work. In fact, 
the water molecule has sufficiently channeled unused 
electron pairs so that they bond with a proton to form 
a hydronium ion, while the lack of channeling of the 
non-bonding pairs in either the hydrogen fluoride 
molecule or the neon atom unfits them for bonding a 


7 


proton. The Bronsted basicity of this series is thus 
bound up with the degree of channeling of the prospec- 
tive coordinating electron pair. 

Oxygen and ethylene are an interesting pair of 
isoelectronic molecules. Oxygen, in contrast to ethyl- 
ene, has a triplet ground state which is not hard to 
understand in terms of channeling. In ethylene the 
electrons which form the pi bond are channeled by the 
four hydrogen bonds into a plane passing through the 
two carbon atoms and bisecting the plane containing 
the four hydrogen atoms. Thus, their effort to de- 
localize is naturally fulfilled by forming a pi bond. In 
oxygen there is no such channeling of the unpaired 
electrons into the pi bond. The ability to spread out 
around the respective oxygen atoms together with the 
advantage of noninterference with the sigma bond 
favors the acceptance of the node between oxygen 
atoms provided by a triplet state. 

eh ee. 
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Figure 12. Chlorine Trifluoride 
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EXCEPTIONAL MOLECULES 


Chlorine Trifluoride. There occur in nature, mole- 
cules which take rather exceptional conformations, and 
the model presented here provides a powerful tool for 
understanding these. One such molecule is chlorine 
trifluoride (51). We see that the planar structure with 
its different Cl—F bond lengths and 87° angles (Figure 
12) can be accounted for in the following manner. 
The Cl—F orbitals are thinned by the extreme electro- 
negativity of the fluorine molecule leaving considerable 
surface of the central chlorine for the two paired- 
electron orbitals. These two large orbitals pressing 
down on each side of the plane of the atom will interfere 
with the two lateral bonds, stretching them and bending 
them downward as a result of the electronegativity of 
the fluorines and the demand of these orbitals for 
chlorine surface. This molecule has, then, a very 
reasonable structure. 

Borazole. Borazole (Figure 13) provides a fine 
example of unused vaience electrons delocalizing by 
virtue of incomplete octets on adjacent atoms. 

The force constant for twisting is 56% of the benzene 
twisting constant indicating that the delocalized 
orbitals have less resistance in bending than the formal 
pi orbitals of benzene (52). The lack of symmetry can 
be shown by different physical properties of substitution 
compounds depending on the attachment of a group to 
either the boron or the nitrogen. This indicates that 
the delocalization is by no means complete. 


Figure 13 
SUMMARY 


We have now a model and a language that are clear 
and simple and are founded on sound quantum mechan- 


- ical concepts and are born out by experimental data tu 


fill in one of the shortcomings of valence theory. The 
presentation here has been broad in scope to show the 
general nature of the principles but there are many 
applications yet to be found. We hope that chemists 
will find this a valuable addition to their repertoire. 
We wish to express our appreciation to the National 
Science Foundation for their support of this work. 
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GEOCHEMICAL PROBLEMS AS STUDENT 


PROJECTS’ 


Opporrunrry to undertake supervised research should 
be made available to all qualified chemistry majors. An 
independent problem serves not only to stimulate in- 
terest in the student’s chosen field, but also affords a 
means of introducing him to literature searching, inde- 
pendent experimental work, and report writing. If at 
all possible, such problems should be selected from an 
area in which the student has developed some interest. 
Since all chemistry majors at our institution complete a 
one-year course in the principles of geology as sopho- 
mores, several have developed an interest in geochem- 
istry and have chosen to undertake problems in this 
relatively new field which is concerned with the applica- 
tion of chemical methods to the solution of geological 
problems. A brief account of some aspects of recent 
work in this area done by students in our laboratory 
may, therefore, be of general interest. 

‘wo of our seniors have recently completed a biogeo- 
chemical investigation to determine if plants common 
to semiarid regions could be utilized to detect anoma- 


lous amounts of copper. It is well known that cer-— 


tain plants growing in ore-bearing regions often con- 
tain larger amounts of valuable elements present in 
the ore than do the same plants growing in nonminer- 
alized areas. Such anomalies are being utilized increas- 
inely for locating ore bodies and as an aid to geological 
mi pping. Usually the metal concentration found must 


' Based on a paper presented before the Division of Chemical 
Education at the 133rd Meeting of the American Chemical So- 
ciety, San Francisco, April, 1958. 
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be two to three times that of the normal content for 
the area to be of significance. 

A study of the ash content of five common desert 
plants growing in the Copper Flat area, near Hillsboro, 
New Mexico, has shown that in each case plants growing 
in a location known to contain little or no copper min- 
eralization were found to have a much lower copper 
contert than the same plants growing in mineralized 
areas. The differences were largest in the cases of 
the Spanish Bayonet, Prickly Pear, and Emory Oak, 
suggesting that these desert plants might possibly be 
used as copper concentration indicators. 

Spectrograms of the ashed samples were first made 
and compared with standards. Copper was also deter- 
mined by titrating acid solutions prepared from the 
ashes with dithizone.*:* 

Sampling and analysis of surface soils is usually the 
most successful method for geochemical exploration. 
This relatively new method is used chiefly as an aid to 
finding mineral deposits which may underlie primary 
residual soils. A knowledge of the basic geology of an 
area is essential before work is started. Soil samples 
are commonly obtained at shovel depth along a series of 
traverses at 50 to 100 foot intervals. The samples are 
hand pulverized and collected in heavy paper bags. 

Our students have made both spectrographic and 


WarrEN, H. V., R. E. DELAvavtt R. I. Intsu, Bull. Geol. 
Soc. Am., 63, 435-84 (1952). 

3 SanpELL, E. B., “Colorimetric Determinations of Traces of 
Metals,”’ Interscience, New York, 1950, pp. 100-106. 
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chemical analyses of soils in two mineralized areas 
and found interesting anomalous amounts of copper and 
manganese. We have used a modification of the im- 
proved carbamate method of Cheng and Bray‘ in 
analyzing for copper. This method is based on the fact 
that copper and bismuth are the only metals sequestered 
from versenates by sodium diethylthiocarbamate. The 
transmittancy of the resulting golden-brown CCl, solu- 
tion was measured at 5000 A. with a Beckman Model B 
spectrophotometer. The parts per million of copper in 
the samples were determined from a previously pre- 
pared calibration curve. The manganese determina- 
tions were made by oxidizing the sample solutions to 
permanganate and comparing the colors obtained with 
standard solutions. 

One of our students has studied the relation of the 
uptake of trace elements by the Creosote Bush to pH 
and the concentration of other elements in the soil in 
which the plant grows. Others have carried out studies 
to determine if deficiencies of trace elements necessary 
for plant and animal metabolism exist in the soil in 
this region of the Rio Grande Valley. These two studies 
did not require any previous knowledge of geology. 

Our projects have all developed lively interest, 
and the students who have participated have obtained 
much valuable experience. We are now extending our 
methods of geochemical exploration to include the 


_ application of chromatographic methods of analysis.® 
‘~ Other projects which might be developed include: 
~ Geochemical prospecting for other heavy metals, sucl: 


as lead, zinc and uranium; investigation of the distribu- 
tion and association of trace elements, including th: 
reasons for any relationships found. 

Although we have included spectrographic ani 
spectrophotometric methods in various phases of ou: 
projects, it is not necessary to have expensive equip- 
ment to engage in geochemical prospecting or trace- 
element detection. The content of many heavy metals 
in plants, stream waters, and soils may be estimated wit! 
surprising accuracy through the use of simple, inexpen- 
sive equipment and the utilization of visual colori- 
metric comparison with suitable standards. The prin- 
ciples of chelation, solvent extraction, and chromatog- 
raphy may be illustrated with these simplified methods. 
Robertson® gives methods of geochemical prospecting 
recommended by the United States Geological Survey 
and a bibliography of geochemical prospecting. 


4CuenG, K. L., anp R. H. Bray, Anal. Chem., 25, 655-09 
(1953). 

5 Hunt, E. C., A. A. Nortu, anp R. A. WELLs, Analyst, 80, 
172-94 (1955). 

6 Ropertson, F., “Geochemical Prospecting by Soil Analysis 
in Montana,”’ Bulletin 7, Montana Bureau of Mines and Geology, 
Butte, Montana, 1956. 


GRADES OF CHEMICALS 


Mosr students, graduate as well as undergraduate, 
are generally unfamiliar with the various grade labels 
of chemicals, and the significance of the various grades. 
Terms such as Reagent Grade, Chemically Pure, Tech- 
nical Grade, ete., are loosely used. That this un- 
certainty should exist is not surprising, for this topic 
is not covered at any point in the chemistry or chemical 
engineering curriculum. In this article an attempt 
has been made to present a summary of the present- 
day grades of chemicals, in a form suitable for easy 
comprehension by students. 

The highest grade of chemicals is considered to be 
that of Primary Standard. Interestingly enough, 
there are no specifications for this purity. The name 
is generally considered to indicate a chemical of such 
purity that it can be weighed out directly, in making 
solutions of known strengths or in standardizing 
solutions of unknown strengths. Primary standard 
grade is commonly considered to mean purity of 
99.95% or greater. Purities are usually given to four 
significant figures, rather than the usual three for 
reagent grades. 

The best known primary standards are those offered 


1 Department of Chemical Engineering. 
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by the National Bureau of Standards: acid potassium 
phthalate and benzoic acid for acidimetric values, 
sodium oxalate, arsenic trioxide, and potassium di- 
chromate for oxidimetric values, benzoic acid for 
calorimetric value, sucrose for saccharimetric value, 
and dextrose for reducing value. It will be noted that 
these are not listed or labeled as primary standards, 
but as standard samples. Each such sample is furnished 
with a certificate of analysis. Various commercial 
companies also offer primary standards, consisting of 
specially selected lots of chemicals, which are purer 
or more carefully analyzed than their usual reagent 
grades. 

Reagent Grade chemicals are next to primary sta)d- 
ards in purity. They are not always labeled with ‘he 
words “Reagent Grade” but may bear easily recognived 
synonyms: Mallinckrodt ‘Analytical Reagent,” 
Fisher ‘Certified’. Reagent, J. T. Baker “Baker 
Analyzed” Reagent, Merck “Reagent,” E & A “Tes'ed 
Purity,” etc. These names are usually registered 
trademarks of the companies concerned. Reag: nt 
grade chemicals normally have lists of limits of im- 
purities on the labels, by which they may be recogni. ed 
in the absence of other criteria. 


JOURNAL OF CHEMICAL EDUCAT!ON 


Cl 
4 
20 
* 
to 
sp 
pu 
pu 
m 
ice 
fa 
cr 
be 
sp 
sh 
of 
a e of 
in 
ar 
m 
by 
Si 
or 
T 
of 
ar 
th 
ey 
be 
m 
A 
558 


rsis.5 

include: 
Is, such, 
istribu- 
ing the 


ic and 
of ou: 
equip- 
r trace- 
metals 
ed wit! 
nexpen- 
colori- 
1e prin- 
ymatog- 
ethods. 
pecting 
Survey 


» 655-9 
lyst, 80, 


Analysis 
Geology, 


jassium 
values, 
um di- 
‘id for 
value, 
ed that 
ndards, 
rnished 
mercial 
ting of 
» purer 
reagent 


stand- 
ith the 
ygnized 
ugenit,” 
“Baker 
Tes‘ ed 
istered 
eagent 
of im- 
ygnived 


SATION 


A committee of the American Chemical Society has 
established standards for many reagent chemicals, 
which it has published in the book entitled “Reagent 
Chemicals, American Chemical Society Specifications.” 
The latest edition appeared in 1955 and contains 
methods of testing and limits of impurities for almost 
209 chemicals. A specification is based in general on 
“the highest level of purity (of the reagent chemical 
to which it applies) that is competitively available 
in the United States.’”” Chemicals which meet these 
specifications may bear on the label, in addition to the 
usual legend, the words: ‘‘Meets A.C.S. Specifications.” 
This system does not necessarily result in exceptionally 
pure chemicals, but in those of known limits of im- 
purities; for example, potassium hydroxide, A.C.S. 
grade, must contain not less than 85% potassium 
hydroxide and not more than 2% potassium carbonate, 
most of the rest of the impurity being water. 

For reagent grade chemicals not listed in the Amer- 
ican Chemical Society book, there are no official 
American standards. The conscience of the manu- 
facturer is the only limit on impurities. It is to the 
credit of the companies concerned that they have 
been so conscientious in the discharge of this re- 
sponsibility. Companies manufacturing such reagents 
are governed by a complicated balance between 
manufacturing costs and desire for sales. A higher 
percentage of purity increases costs but also increases 
sales and builds up the reputation of the company. 
Limits of impurities are usually, but not always, 
shown on the labels. Tests are believed to be generally 
of the same type as those of the A.C.S., and limits 
of impurities are of the same order of magnitude. 

Some companies actually test for the amounts of 
impurities present, rather than for the limits present, 
and so indicate on the labels. This does not neces- 
sarily mean that the chemicals from these companies 
are purer than others, but that the testing results are 
made quantitative rather than limiting, probably 
by using standards of varying strengths in the tests. 

U.S.P. Chemicals are those which meet or exceed 
the standards of the United States Pharmacopeia.* 
Similar to these are the N.F. chemicals, which meet 
or exceed the standards of the Nationa! Formulary.* 
These two grades may or may not be as pure as reagent 
grades of the same chemicals. More attention is 
paid to impurities which would make the substance 
unfit for medicinal use, and less attention to other 
impurities. U.S.P. or N.F. chemicals are, however, 
often used as reagents, especially in solutions which 
are to be standardized after making, such as sodium 
thiosulfate. The U.S.P. and N.F. committees work 
closely together, the U.S.P. in each edition including 
the medicinals most favored from the standpoint of 
good medicinal practice, and the N.F. including those 
for which standards are needed because of continuing 


extensive use. A chemical moving from one of these ~ 


books to the other usually does so as a complete 
monograph, with assays, tests, and limits of impurities 
unc hanged. 

The tests on the A.C.S., U.S.P., and N.F. grades 
are not as specific as would be expected for high- 

*‘Pharmacopeia of the United States,’”’ 15th revision, United 
Sta'cs Pharmacopeial Convention, 1955. 

* “National Formulary,’ 10th ed., American Pharmaceutical 
Association, 1955. 
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purity chemicals. Usually the assay, if one is specified, 
is made by testing for only one component. For 
example, the assay for potassium chloride U.S.P. 
consists of a Volhard determination of the chloride 
content, while the A.C.S. specifications for the same 
chemical do not include an assay. Tests for impurities 
are almost without exception limit tests; these do 
not show the actual amount of any impurity present. 
The sample is compared, usually colorimetrically, 
with a standard containing the limit of the impurity 
in question; if the sample shows less of the impurity 
than the standard, the sample passes the test. Im- 
purities are usually present in quantities too small to 
measure accurately by separating and weighing. 
The methods are standardized tests, which actually 
compare the sample with previously tested samples 
which have been found satisfactory for the intended 
use. Therefore the directions must be followed 
exactly and in detail. 

Setting the limits of impurities is a delicate task. 
Too much impurity may make a substance useless for 
the intended purposes, while too stringent speci- 
fications may make the chemical uneconomical or too 
troublesome to manufacture, thereby removing it 
from the market. Supplements to the United States 
Pharmacopeia and National Formulary are issued from 
time to time to change any specifications found to 
be unrealistic. f 

There are also many unofficial grades, for which no 
standards exist. Purified, Highest Purity, Recrys- 
tallized, etc., have no meaning per se, but usually 
mean chemicals of greater than usual commercial 
purity. Actual meanings vary from company to 
company. “Typical” or “Guaranteed” analyses for 
these may be obtained from manufacturers as needed, 
but no one analysis will necessarily apply to the same 
chemical, under the same grade name, from another 
manufacturer. The term “Chemically Pure,” for 
years denoting a very high purity, is now considered 
to be largely meaningless, and is falling into disuse. 

Technical Grade chemicals are the usual commercial 
chemicals. They may have almost any composition, 
depending on company policy, sources of raw material, 
and ease of purification. For example, recent tests 
of samples of potassium chloride, technical grade, 
from several sources, showed all to be equivalent to 
A.C.S. reagent grade. However, future lots from the 
same companies might not be as pure as these. Other 
compounds, such as sodium hydroxide, might have a 
much lower per cent of the labeled material than is 
characteristic of the A.C.S. reagent grade. 

Special grades are set up as needed or desired by 
dealers or customers. These may be for use as phos- 
phors, spectrographic solvents, transistors, or other 
uses where high general purity or low content of 
certain impurities may be important. 

There is little likelihood that the confusion in grading 
will be substantially reduced. Various companies 
have spent much time, effort, and advertising on their 
own products, and are not now likely to change present 
nomenclature. The number of chemicals in the A.C.S. 
reagent chemicals list will probably continue to in- 
crease, thus reducing the confusion somewhat. In 
other grades, the present ambiguous terms will probably 
be with us for many years. 
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ATOMISTIC NOTIONS IN YOUNG CHILDREN 
AND YOUNG CULTURES 


Zoonocists,” Henri Poincaré wrote in Science and 
Method,? “‘declare that the embryonic development 
of an animal repeats in a very short period of time the 
whole history of its ancestors of the geological ages. 
It seems to be the same with the development of minds. 
The educator must make the child pass through all that 
his fathers have passed through, more rapidly, but 
without missing a stage. On this account the history 
of science must be our first guide.’ The world abounds 
with analogies and the fruitfulness with which they often 
can be pursued strongly tempts one to do so. Plato 
and Aristotle were fond of elaborating upon the parallels 
between the personalities of states and of individuals, 
of finding the cosmos mirrored on a more convenient 
scale in the microcosmos of man’s psyche. This is 
the tradition, then, in which I wish to make a few re- 
marks comparing the development of cosmological, 
particularly atomistic, notions in children with the 
ideas expressed by the ancient Greek philosophers 
who flourished when, so to speak, Western Civilization 
was in its childhood. 

The young child endures an unsophisticated state 
of mind very similar to that of primitive man. In 
the child’s world, as in that of the primitive, vital 
forces are attributed to inanimate objects (animism) 
and human motivations to natural events (anthro- 
pomorphism). While the child in a savage environ- 
ment, exposed as he is to all the harsh vicissitudes of 
brute nature, has the leisure only to embroider feebly 
on his animistic-anthropomorphic view of the world, 
the child protected by a high degree of civilization, 
whose exposure to the world is long delayed, is suffered 
to examine and experiment with his first philosophy. 
Bit by bit, especially with the recognition that his 
parents are not omnipotent, he discards his earlier 
conceptions, and as these animistic and anthropomor- 
phic ideas dissolve, mechanical explanations of the 
external world slowly begin to form. 

Analogous processes occurred in ancient Ionia. 
From as early as Homeric times comes evidence of 
dissatisfaction with the prevailing mythological tradi- 
tion. The Homeric gods share the worst of human 
qualities and are themselves answerable to Fate or 
Necessity. But it was not until Thales of Miletus 
(ca. 600 B.c.) that the anthropomorphism, but not all 
the animism, was forsaken and natural causes sought 
for natural events. Apparently Miletus afforded that 


1 Present address: Radio Corporation of America Materials 
Advanced Development Laboratory, 64 A Street, Needham 
Heights 94, Mass. 

? Poincaré, H. “Science and Method,” tr. by F. Maitland, 
Dover Publishing, Inc., New York, 1952, p. 127. 
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degree of security and material comfort necessary for 
the flourishing of speculative philosophy while exposw:e 
to foreign peoples and ideas (remember that Miletus 
was a great seaport and cosmopolitan center) provided 
the stimulus. Yet in Egypt, by way of contrast, 
isolated, stagnant, theocratic, century after century 
failed to provide the opportunity for the birth of natural 
philosophy. 

Of course popular religious sentiment was far from 
dead in Greece. Our notions of Greek achievement 
should be assessed, as they rarely are, against the back- 
ground, not of Greek genius, but rather of the normal 
modes of existence. Greek religious life was richly 
varied. The Greek mind was not by nature icono- 
clastic; quite the contrary, it was receptive to the verge 
of fault, eager to enthuse about the Orphic, Bacchic, 
or Pythagorean mysteries or about the latest cult 
imported from Egypt. This receptiveness resulted 
in a most peculiar liberality of religious spirit—a 
tolerance without parallel in the ancient world. And 
it is to this broad-mindedness that the credit for the 
nurture of Greek philosophy is in large part due. It 
suffered the substitution of natural for teleological 
causes and even countenanced severe criticism of the 
popular beliefs. Xenophanes of Colophon (ca. 530 B.c.) 
and other intellectuals of the day were aware that 
religious belief is often a matter of geography and 
were scandalized by the misconduct of the traditional 
Homeric deities. As the child turns from his animism 
and anthropomorphism, the Greek thinkers turned from 
that prevailing in their culture; as the child becomes 
disillusioned with the powers of his parent, they re- 
jected the Olympian gods of their fathers; as the child 
casts about for more natural explanations of the world 
about him, so did the philosophers of ancient Ionia. 
Physics replaced the psychic, natural law replaced the 
caprice of divinities. 

In the thinking of the child, according to J. Piaget,’ 
there occurs a “progressive evolution of artificialist‘ 
causality into higher forms of causality.... These 
higher forms, which the child attains spontaneou-ly, 
are. . . causality by identification of substance, the form 
modeled on the notions of condensation and rarefaction, 
and a certain primitive atomism or synthesis of ‘he 
elements. ...’’ Piaget reports a number of fascinat ng 
interviews with children; three, all nine years «4, 


3 Pracet, J., “The Child’s Conception of the World,” Harco rt, 
Brace & Co., New York, 1929, esp. pp. 184-37, 267-79, 323-47, 
378-79, 384-87. 

‘ Artificialism is a form of anthropomorphism which invo ves 
the view that the objects of nature are man-made or created by 
processes. analogous to. human manufacture. 
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SATION 


insisted that stars are composed of “‘little bits of light- 
ning,” “little sparks which have collected together,” 
or “little stones.’’ While stones in turn, asserts an 
eleven year old, are made of “dirt. . .pressed together 
until it becomes heavy.” Wood is made of shavings, 
‘ron of “thin iron wire,” and glass of “broken bits of 
slass stuck together.’”? One cannot but wonder whether 
children’s play, in sand boxes and with blocks, might 
not be conducive to the corpuscular mode of thinking. 


SEED HYPOTHESIS OF ANAXAGORAS 


The atomism of children, it is interesting to notice, 
resembles the famous ‘‘seed’’ hypothesis of Anaxagoras 
of Clazomenae (ca. 460 B.c.) much more closely than it 
does the true atomism of Leucippus (ca. 430 B.c.) 
and Democritus (ca. 420 B.c.) of Abdera.® The 
subdivision of matter in Anaxagoras’ view leads to 
a point beyond which new subdivision fails to reveal 
new species. Subdivision may be continued indefinitely 
but beyond this point the parts will be homogeneous. 
The properties of bulk matter are determined by the 
type of homogeneous part, or “‘seed,’’ predominating. 
Thus gold is composed of tiny seeds of gold; flesh, 
seeds of flesh; bone, of bone. In the more sophisti- 
cated view of Leucippus and Democritus the analysis 
of matter cannot be continued indefinitely; rather one 
is finally left with atoms which are literally uncuttables. 
Here now the properties of bulk matter are the con- 
sequence in part of certain primary qualities such as 
shape, size, and possibly weight, inhering in the atoms 
themselves, but for the most part of secondary qual- 
ities, such as color, taste, smell, which result from 
aggregates of atoms or from the interaction of atoms 
and their aggregates with the sensory organs. Anaxag- 
oras had to explain chemical change awkwardly by 
saying that, for example, when bread is digested the 
flesh and bone seeds present in the original bread be- 
come dominant while the bread seeds become reces- 
sive. The atomists, on the other hand, explained chem- 
ical change nicely in terms of the formation and dis- 
solution of atomic aggregates. 

‘Not only do the conclusions of Anaxagorean physics 
and chemistry resemble those of children more 
closely than do those of the Greek Atomists, but so 
also do the methods by which those conclusions were 
reached. The corpuscular notions of the child, like 
the seeds of Anaxagoras, are an immediate response to 
the need of explaining manifest natural phenomena. 


> For expositions of the philosophies of the pre-Socratic philoso- 
phers see any of such standard texts as: Gomperz, T., ‘Greek 
Thinkers,” Humanities Press, New York, 1955; Burnet, J., 
“Greek Philosophy,’”’ Macmillan & Co., Ltd., London, 1950; or 
“Farly Greek Philosophy,’’ Adam & Charles Black, London, 
1948; ZELLER, E., ‘‘Outlines of the History of Greek Philosophy,” 
Routledge & Kegan Paul, Ltd., London, 1955; or such excellent 
specialized presentations as Barry, C., Greek Atomist 
an Epicurus,’”’? Oxford University Press, New York, 1928; 


Sa\tpursky, S., Physical World of the Greeks,” Routledge 


& Kegan Paul, Ltd., London, 1956. For the extant fragments of 
their writings see Freeman, K., “Ancilla to the Pre-Socratic 
Philosophers,’”’ Basil Blackwell, Oxford, 1948. 

* The same was also true in India. The older Samkhya philoso- 
ph. resembled the “atomism’” of Anaxagoras or Empedocles’ 
theory of elements while the later Vaisesika and Jainas philoso- 
phics embraced a true atomism (see Ray, A. P. C., “History of 
Chemistry in Ancient and Medieval India,’’ Indian Chem. Soc., 
Calcutta, 1956, pp. 43-48. 

_' Hemet, W. A., “Antecedents of Greek Corpuscular Theo- 
nies,’’ Harvard Studies in Classical Philology, 22, 111 (1911). 
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Heidel’ and others have suggested that Greek Atomism 
too owed its origins to the effort of explaining natural 
and physiological phenomena such as evaporation and 
condensation, respiration and nutriment assimilation. 
Certainly one would like to be able to affirm that Greek 
Atomism, the father of modern science, was firmly 
based on a sound empiricism. But the evidence in the 
case seems otherwise. While the Atomists were ob- 
viously delighted that their philosophy provided a 
facile explanation for such an enormous breadth of 
natural phenomena, the real roots of their ideas are to 
be found not in physics but in metaphysics. The 
central purpose of their endeavor was to solve the 
antinomy between the philosophy of Heracleitus of 
Ephesus (ca. 500 B.c.), who maintained that all is in 
flux, and that of Parmenides of Elea (ca. 475 B.c.) and 
his disciples, who held that change is illusory. 


SIGNIFICANCE TO SCIENTIFIC EDUCATION 


In this brief essay I have barely sketched out the gen- 
eral contours of the problems involved and little more 
than suggested the host of fascinating related studies, 
but I think a few remarks may be properly made on the 
basis of what I have written. In the first place a great 
deal more research needs be done into the origin and 
growth of scientific ideas in children. Few writers men- 
tion Piaget’s work without feeling called upon to apolo- 
gize for his methods, especially his sampling and inter- 
viewing techniques. Yet his work is of inestimable 
importance; it is, if you will pardon an illiteracism, 
nearly unique, and surely deserves corroboration and 
extensive expansion. Is there a counterpart of Py- 
thagorean spatial atomism in childish thought? Do 
children have the same difficulty explaining chemical 
transformations as Anaxagoras, and can they distinguish 
primary and secondary qualities? Who knows what 
light the answers to these queries might throw upon 
certain obscure aspects of the history of science. 

In the second place and by way of conclusion, the 
foregoing comparisons suggest three observations 
relative to the topical problem of scientific education. 
(1) As Plato suggested of mathematics in his Meno, 
scientific education may well be more a matter of 
evoking ideas rather than instilling them. A child’s 
native curiosity and ingenuity should carry him a 
long way if only properly directed by pedagogic dis- 
cipline. (2) Young children are amazingly receptive 
to scientific notions, and as consequence comparatively 
obtuse adults are likely to be led very much astray in 
their judgments of which types of material are too 
‘difficult’’ for a given age. Perhaps the more difficult 
subjects—mathematics, science, and the disciplinary 
languages—should be advanced to the grade school or 
secondary school level when receptivity is at its maxi- 
mum and before the distractions of late adolescence 
intrude, while the more luxurious studies—philosophy, 
art, music, literature, and history—should be deferred 
until college age. (3) Undoubtedly the development of 
scientific knowledge in children and in cultures follows 
a similar natural path, suggesting a special efficacy of 
the historical presentation of the natural sciences. The 
actual historical development usually provides a more 
rational and systematic exposition of the sciences 
than does any artificial topical approach, for mankind 
tended to stumble upon simpler things first. 
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FLUOSILICIC ACID 


Ix most chemistry courses the inorganic acids 
studied are hydrochloric, nitric, sulfuric, and phos- 
phoric. An acid produced in very large tonnages and 
seldom referred to outside of some industrial chemistry 
courses is fluosilicic acid, H.SiFs, frequently called 
fluorosilicic acid or hydrofluorosilicic acid. The im- 
portance of this compound cannot be overlooked 
because of its ever increasing abundance as a by- 
product in the expanding phosphate industry and 
because of its availability as a large potential source 
of fluorine and fluorine derivatives. This paper 
describes the preparation and properties of fluosilicic 
acid and some of its important uses as well as those 
of its metallic salts, the fluosilicates. 


PREPARATION 


Commercial. The commercial preparation of fluosi- 
licic acid is concentrated chiefly at phosphate acidu- 
lating plants. In the process for manufacturing 
so-called wet phosphoric acid, phosphate rock, contain- 
ing varying quantities of fluoride and silica, is reacted 
with sulfuric acid. Phosphoric acid is formed along 
with hydrogen fluoride, which reacts immediately 
with silica to produce gaseous silicon tetrafluoride. 
In order to prevent possible harm to plant and animal 
life, it is necessary to trap these fluoride gases rather 
than release them to the atmosphere. Consequently, 
the gaseous reaction products are passed through water, 
and dilute solutions of fluosilicic acid form. 

If the mineral apatite is used as the phosphorus 
raw material source, the acidulation with sulfuric 
acid would follow the simplified reaction: 


3Ca;(PO,)2-CaF, + 10H,SO, 10CaSO, + 6H;PO, + 2HF (1) 
4HF + SiO, — SiF, + 2H,O (2) 

3SiF, + 2H.O — 2H.SiF, + SiO. (3) 

Laboratory. In the laboratory two simple procedures 
can be used to prepare solutions of fluosilicic acid. 
In one method, dilute hydrofluoric acid is added to 


sand. Silicon tetrafluoride forms first and is readily 
converted by the water into fluosilicic acid. 


SiO. + 6HF — H.SiF, + 2H,0 
An alternate procedure for the laboratory preparation 
of fluosilicic acid consists of mixing fluorspar (CaF:), 
sand, and water and slowly adding sulfuric acid. 
Hydrogen fluoride is first generated by the reaction 
of fluorspar and acid: 


CaF, + H.SO,— 2HF + CaSO, 
Next, hydrogen fluoride and sand react to form silicon 


' Present address: Research Division, Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 
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tetrafluoride, as shown previously in equation (2) 
Silicon tetrafluoride is finally absorbed by the water 
to form a solution of fluosilicic acid, as represented ii 
equation (3). 


PROPERTIES 


Fluosilicie acid is a strong acid in water solution, 
its apparent degree of dissociation being 0.76 at 25°C. 
in 0.1 N solution (1). Like carbonic and sulfurous 
acids it cannot exist under ordinary conditions in the 
vapor state. The anhydrous acid cannot be isolated 
nor is it formed when anhydrous silicon tetrafluoride 
and hydrogen fluoride are reacted. Furthermore, the 
acid cannot be prepared by reacting sodium fluosil- 
icate with sulfuric acid. Silicon tetrafluoride results 
in such attempts, due to the dehydration of the gaseous 
reaction mixture by sulfuric acid. 

Three hydrates, mono-, di-, and tetra-, have been 
reported; but a reinvestigation of the system H,0- 
H,SiF; at temperatures below 0°C. is needed to estab- 
lish more conclusively the nature of the reported 
unstable hydrates. 

The specific gravities of some representative aqueous 
solutions of fluosilicic acid have been tabulated (2), 
and a few values are listed in Table 1. 


TABLE | 
Specific Gravity of Aqueous Solutions of H.SiF, at 17.5°C. 


% HSiF 5 10 15 20 30 
Specific gravity 1.0407 1.0834 1.1281 1.1748 1.2742 


Detailed studies on the distillation and concentration 
of fluosilicic acid solutions have been made (3, 4). 
Attempts to distill solutions of the acid have revealed 
that in the vapor phase when water is absent fluosilicic 
acid exists as a mixture of SiF, and HF. However, 
at 20°-22°C. under reduced pressure of 8 mm. the acid 
can be concentrated to 60.9%. 


ANALYTICAL METHODS 


Analysis of fluosilicic acid solutions is achieved in 
three ways, depending upon the presence or abseice 
of other acids (6, 6). 

Direct Titration. Fluosilicic acid is diprotonic, 
and direct titration with standard base works well on 
dilute solutions of the acid alone, using phenolphthal:in 
as indicator. | 


H,SiF, + 20H- — SiF;~ + 2H:0 4) 
Titration After Removal of Fluosilicate Ions. To'al 
acidity in solutions containing acids in addition to 


fluosilicic is usually determined by first precipitating 
the fluosilicate ion as the insoluble potassium salt. 
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SATION 


H,SiFs + 2 KCl — K.SiFs + 2 HCl (5) 


The liberated acid and others present as well are 
determined with base. The decomposition of the 
fluosilicate ion by excess base is very slow in cold 
solutions and does not interfere in the determination. 

Decomposition of Fluosilicate Ion. If free fluosilicic 
acid in the presence of other acids is desired, the 
fluosilicate ion is first precipitated, as shown in equation 
(5). The solution containing the potassium fluosilicate 
is brought to a boil, and standard base is added to a 
bromthymo! blue end point. 


SALTS 


The numerous fluosilicates are quite stable, being 
ouly 1% or less hydrolyzed at 0°C. They react with 
water completely in the presence of metallic hydroxides 
to yield silica. 

Fluosilicates can be prepared either by reaction of 
a hydroxide with the stoichiometric quantity of acid, 


H.SiF, + 2MOH — M.SiF; + 2H,O 


or preferably by reaction of fluosilicic acid with a 
metallic chloride, whereby volatile hydrogen chloride 
is easily removed. 


H.SiF; + 2MCl — M,SiF, + 2HCl 
Many of the fluosilicates are soluble in water, the 
notable exceptions being those of the alkali metals. 


Table 2 lists the solubilities of some of the more common 
fluosilicates in water (7). 


TABLE 2 
Solubility of Some Fluosilicates in Water 


Solubility, g. anhydrous 
salt/100 g. saturated solution 


Salt Temp., ° C. 


K,SiFs 
MgSiF 
CaSiFs 
BaSiFs 
CuSi F; 
ZnSiF 
(NH, )SiFs 


* Per 100 ml. saturated solution. 
» Per 100 g. water. 


USES FOR FLUOSILICIC ACID 


Fluosilicie acid is used for the preparation of metallic 
fluorides and fluosilicates, as a disinfectant, for pre- 
serving wood, and in certain electrochemical operations, 
as summarized in Table 3 (8). Recently, its chief 
use has been as a fluoridation agent for municipal 
water supplies. In 1956, approximately 7000 tons 
of fluosilicic acid, 7000 tons of sodium fluosilicate, 
and 750 tons of ammonium fluosilicate were used to 


treat water in some 1500 towns and cities with a total — 


population of 31 million (9). 

Aqueous solutions of fluosilicic acid react with (a) 
chiorides to produce fluosilicates, (b) hydroxides to 
yield fluorides, and (c) ammonia to give either am- 
monium fluoride solution or ammonium fluosilicate. 
From any of these reaction products, hydrogen fluoride 
as well as elemental fluorine can be prepared. The 
figure represents schematically the versatility of 
fluosilicie acid. 
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TABLE 3 
Some Uses for Fluosilicates 


Output 1955, 
Salt millions of lbs. Uses 


36.0 


Laundry sour, vitreous enamel 
frits, opal glass, latex foam rub- 
ber, insecticides 

Vitreous enamel frits, synthetic 
mica, light metal fluxes 

Hardening agent in ceramics and 
concrete, laundry sour 

Wood preservative, plaster addi- 
tive, laundry sour, moth-proofing 
agent, concrete hardener 

Water fluoridation, mothproofing 
agent, laundry sour 

Insecticide, fungicide, in flotation 
processes 

Opacifying agent, in ceramics, in- 
secticide, hardening agent in 
construction materials 

Antiseptic 


K:SiF, 4.5 
MgSiF. 1.5 
ZnSiF 4.0 


(NH,)SiFs 3.5 
CuSiF; 
CaSiFs 


AgSiFs 


* Figures not readily available. 


H, SiFe 


NH,F sovution ME 


(NH4)e 


Versatility of Fluosilicic Acid 
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A MICROREACTION BLOCK 


Micro and semimicro techniques in organic chemistry 
are becoming increasingly popular for both instructional 
and research purposes. Cheronis! and Stock,? with co- 
workers, have published much material on this subject. 

The author has developed an electrically heated reac- 
tion block for executing numerous laboratory operations 
on a micro scale, including distillations, refluxings, sealed 
tube reactions, sublimations, recrystallizations, drying 
of analytical samples, and determination of melting 
points up to 360°. 

The block is machined from a 1!/.-in. & 2-in. X 7-in. 
piece of ST 37 aluminum alloy. The photographs illus- 
trate the cuts and holes, none of which is of critical di- 
mension. Drilled endwise through the block are three 
holes for 7-mm. sealed glass tubes; in the right end is 
one hole for a 76-mm. immersion, 360° thermometer; 
on top of the block are two seats for 6-in. test tubes; 
also on top is a viewing chamber, '/, in. diameter, 
drilled through to the bottom of the block; and in the 
rear of the block are two holes for melting point capil- 
laries, projecting into the viewing chamber. 

The block is heated with a Briskeat standard insula- 
ted heating tape '/, in. XK 2 ft., 93 ohms, 115 watts, 
woven into !/i.-in. X 5/s-in. grooves cut into the bottom 
of the block. Holes */,. in. diameter at intersections of 
the grooves facilitated turning the corner into the next 
groove with the tape. Burrs were removed from the 
grooves and corners with emery tape before the Briskeat 
tape was pressed into the bottom of the block. 

The block was then mounted on a '/;-in. transite plat- 
form, surrounded by a transite top, in a wooden cabinet. 
One end of the cabinet is equipped with two electric 
plugs; to one outlet, for Variac use, are connected the 
leads from the Briskeat tape; to the other, leads for a 
7.5-watt, 110-volt night light (Fig. 1). 

The light is positioned in the cabinet with the bulb 
directly beneath the viewing chamber in the aluminum 
block for observing samples in tips of melting point 
capillaries. A short piece of hard glass rod supported 
by the light bulb is placed in the bottom.of the viewing 
chamber; the top of the viewing chamber is counter- 
bored and sealed with a mica disc. 

Although the use of the block for most unit operations 
is obvious, a few comments may prove of interest and 
value. Reaction mixtures may be refluxed virtually at 
constant temperature in either 3- or 6-in. test tubes for 
long periods of time. Because the heat input can be 
very closely controlled, a 1-ft. length of 7-mm. glass 


1 Cueronis, N. D., ‘'Technique of Organic Chemistry, Volume 
VI: Micro and Semimicro Methods,” Interscience Publishers, 
Inc., New York, 1954. 

we J.T., J. Comm. Epuc., 34, 358 (1957), and references 
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tubing serves as an adequate air cooled condenser fo 
even such volatile solvents as ethyl ether (Fig. 2). 

Again, because of precise heat control, fractional dis- 
tillations are efficiently executed. 


Figure 1 


+ 


Components of microreaction apparatus showing ther i 
block (bottom view) with heating tape in grooves, transite platform and 
top, and cabinet with light and electrical outlets. When assembled, the 
viewing chamber of the block is above the light in the cabinet. 


Front view of microreaction apparatus showing a reflux assembly on ‘he 
block. On top of the block note empty test tube seat and top of view 0g 
chamber covered with a mica disc. 
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Sealed tubes 7 mm. X 150 mm. holding approxi- 
mately 1.2 ml. of reactant volume when half full, can be 
heated in the three 7-in. holes drilled endwise through 
the block. Water has been heated to 300°—315° in 
soft glass sealed tubes before they burst; this amounts 
to approximately 1200 psi internal pressure. However, 
in typical sealed tube reactions using Pyrex tubes, tem- 
peratures have not been taken above 180°, caustic solu- 
tions have not been placed in the tubes, and all usual 
precautions necessary to such work have been ob- 
served. 

Sublimations may be carried out either in a vacuum in 
glass tubes placed within the block, or from beakers 
placed upon the top of the block. 


Because the block is designed for illumination of the 
melting point tubes from below, on the same axis as the 
tubes are viewed, it is advantageous when determining 
melting points to place above the viewing chamber a 
tripod magnifying glass (metal frame, not plastic) 
focused directly upon the samples in the melting point 
capillaries. 
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A BOILING POINT APPARATUS 


A oNE-PIECE boiling-point apparatus which utilizes 
Cottrell’s principle of spraying the thermometer with 
boiling liquid is described by the accompanying sketch. 
A distinctive feature of the apparatus is the vapor 
lift. This consists of an inner tube with several jets 
pointing inward near the top and a small drainhole in 
the bottom which is attached by a ring seal just above 
the jets to the outer tube whose flat bottom completes 
the pump proper. Thus the pump is the familiar 
percolator type except that here the vapor-liquid 
mixture moves up through the annular region be- 
tween the two concentric cylinders rather than up 
through the inner cylinder. 

Use of the apparatus for the usual liquid-vapor 
equilibrium experiment is straightforward. A sample 
of the liquid to be studied is added to the pump until 
the inner compartment is one-half to two-thirds full. 
The thermometer is suspended from a metal-foil- 
wrapped cork stopper in the top of the outer tube 
such that the thermometer bulb is _ positioned 
before the jets. A low-flame setting of a microburner 
is usually sufficient to operate the vapor lift. The 
shallow depression in the side arm is continually 
rinsed by condensed vapor. When the thermometer 
reading becomes steady, the flame is removed and a 
sample of condensed vapor from the side-arm de- 
pression and one from the pump are withdrawn with a 
capillary tube for analysis. 

Experience has shown that two errors can easily 
occur in the fabrication of the apparatus. The first 


error is too large an annular region in the pump. The. 


tubing specified here is 22 mm. and 28 mm. o.d. with 
wall thickness of 1.5mm. If the combination 20 mm. 
and 28 mm. o.d. is used, for example, the effectiveness 
of the pump is severely impaired. The second error 
is a poorly formed side-arm depression. The de- 
pression should retain sufficient liquid that the sample 
m:iy be easily analyzed (for refractometric analyses 
several drops are sufficient), while the shape of the 
depression should be such that the descending con- 
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A Boiling-Point Apparatus 


densate shall rinse the depression efficiently but that 
the ascending vapor shall not unduly strip the lower 
boiling component from the collected condensate. 

Of course, the apparatus can be modified in several 
ways. Some of the more obvious modifications are 
the following: The thermometer could be supported 
by a ground glass joint so that the vapor will be in 
contact with glass only; ‘the condenser could be in- 
clined to the vertical and the side arm essentially 
eliminated in order to bring the vapor-condensing 
surface closer to the vapor source; a shield could be 
introduced so that drops from the splashing liquid 
might be more effectively kept away from the con- 
densed vapor in the sidearm depression. The present 
design combines simplicity, ruggedness, and low cost 
with reasonable effectiveness in achieving the desired 
measurement. 
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THE CHEMICAL AND RELATED LITERATURE OF 
AUSTRALIA AND NEW ZEALAND’ 


Ausrrauta and, to a lesser degree, New Zealand are 
becoming increasingly important as industrial countries 
(1). Extensive investigations undertaken by Austra- 
lian government agencies, such as the Australian 
Commonwealth Scientific and Industrial Research 
Organization (C.S.I.R.O.), on plants and plant princi- 
ples of that continent, and other investigations have 
greatly contributed to various fields of knowledge. 
The importance of chemical and related literature 
originating in Australia and New Zealand is like- 
wise increasing markedly. The history of the develop- 
ment of scientific activity, and of the scientific literature 
associated with it, in Australia and New Zealand, 
covers only a relatively short period of time—hardly a 
hundred years. Yet considerable scientific achieve- 
ments have been accomplished. 

Australia. A few historical facts are necessary for 
an understanding of the evolution of Australian 
science and scientific literature. While the exact date 
of the discovery of Australia is unknown, the Chinese 
had some knowledge of its existence as far back as 
the thirteenth century. A “Terra Australis” was 
hinted in a map dedicated to King Henry VIII of 
England. The first European explorers to land in 
Australia were Dutch (1606); the first Britisher was 
Wm. Dampier in 1688. However, it was the English 
Captain Cook on H.M.S. “Endeavour” who sighted 
New Zealand October 6, 1769, and West Australia 
April 19,1770. The first British colony was established 
in 1788 near Botany Bay; yet, as late as 1862, a sizable 
part of the Australian continent was still unexplored. 
The British colonies in Australia developed slowly into 
.six independent states, New South Wales being the 
oldest; these became the Commonwealth of Australia 
January 1, 1901 (1). 

As mentioned before, the Dutch reached Australian 


1 Presented before the Division of Chemical Literature at the 
133rd Meeting of the American Chemical Society, San Francisco, 
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shores more than 150 years before Cook’s landing. 
Thus, the Dutch navigator Pelsart described a Western 
Australian macropod Thylogale eugenti in 1627 which 
perhaps may be called one of the earliest items of 
scientific literature evolving from that continent (2). 
The observations of Cook himself were published in 
London in 1773 (3). An early attempt to organize 
science in Australia was the foundation of the Philo- 
sophical Society in Sydney in 1821 (4). 

Historically speaking, the medical and pharmaceu- 
tical literature by far antedates the chemical literature 
in Australia. Medical journalism started in Australia 
as early as October 14, 1804, when a Dr. Thomas 
Jamison published an article on smallpox in the Sydney 
Gazette. The first pharmaceutical society was formed 
in Victoria in 1857; the first retail pharmacy was 
opened in Adelaide in 1845 (4). 

The purely chemical literature made its appearance 
last in Australia. For example, the Royal Australian 
Chemical Institute was founded in 1917 but did not 
start publishing its own journal before 1934(6). 
Research in chemistry proceeded very slowly and 
sporadically at first, but in 1926 the Council for Scien- 
tific and Industrial Research was established. The 
Australian Journal of Chemistry was founded in 1947. 

As for Australian universities, that of Sydney was 
the first to be established, in 1850. Chemistry was 
not a subject of study in the early years of Australian 
academic life. The first chair of chemistry was 
established in 1882 (U. of Melbourne), and was given 
to Sir David Orme-Masson, often referred to as “father” 
of Australian chemistry. 

New Zealand. Cook annexed New Zealand for 
England but the British government at first did not 
recognize the annexation. It was not until January 
22, 1840, that Hobson hoisted the Union Jack over the 
territory. New Zealand afterwards became a British 
colony and, eventually, a dominion within the British 
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Commonwealth of Nations in 1931 (1). 


Science, re- 


TABLE 1 


Countries 


Research Institutions 


Learned Societies 


Universities 


Australia 


The Australian Acad in Can- 
rra, 
The Commonwealth Scientific and Industrial 
Research (C.S8.1.R.0.), 1926 
Microbiological Laboratory, Sydney, 1892 
National Health and Medical Research Council, 
Canberra 


y of Sci 


Department sf Science and Industrial Re- 
search (N. Z.), Wellington, 1926 

Cawthorne Institute, Nelson, N.Z., 1919 

Waikato Scientific Association, Hamilton, N.Z. 

Dairy Research Institute, Palmerston, N.Z. 


New Zealand Institute of Chemistry 
New Medical Research Council, Well- 
ington 


The Australian and New Zealand Association 
for the Adva of S , Sydney, 1888 

Royal Society of North Wales, Sydney, *ig21 

The Royal Australian Chemical Institute in 
Melbourne (7) 

The an gl Australian College of Physicians, 
Sydney, 1938 


Reval Society of New —— 186 
of 


Britsh Medical Association, Branch of New 
Zealand 


University of Sydney, 1850 
University of Melbourne, 1853 
University of Tasmania, 1890 
University of Queenslan id, 1 

University of West 1911 (7, 8) 


of New Zealand, Welling on, 
‘University College, Auckland. 
University College, Welling'on, 
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search, and scientific literature in New Zealand developed 
jater than the corresponding evolution in Australia. A 
summary of scientific institutions in the two countries 
is given in Table 1. 

Over the period of the last twenty-five years an 
impressive scientific literature has evolved in Australia 
and, to a much lesser extent, in New Zealand, com- 
prising a great number of chemical, preclinical, and 
clinical periodicals. (See Table 2 (9)). 


PATENTS AND PATENT PROCEDURES 


The Australian government allows patents (10) for 
a period of 16 years. Medicinal products are not 
patentable if the product is a mere mixture of known 
ingredients. Likewise, a process for producing such a 
product by a mere admixture is not patentable (1/). 
Patent applications in Australian are automatically 
laid open to public inspection, thus being an early 
source of valuable chemical information. New Zealand 
also grants patents for a term of 16 years (12). 


THE CHEMICAL INDUSTRY 


The chemical industry of Australia is very young. 
Before 1939 it had developed only slowly. In that year 
C.S.I.R.O. established a Division of Industrial Chem- 
istry, which rapidly expanded until it now has a staff 
of more than 100 research scientists, good laboratory 
facilities, and pilot plant equipment. 

The chemical industry of Australia, in comparison 
with government and academic research, has so far 
contributed relatively little. The Drug Houses of 
Australia, Ltd., have completed (1952) a new Central 
Research Institute in Sydney. This is an exceptional 
case, and the majority of the small chemical manu- 
facturers of which the Australian chemical industry 
is largely comprised often have no scientific staff (7). 


AUSTRALIAN PLANT PRODUCTS 


The Australian flora is abundant and rich in natural 
products—alkaloids and other substances. Its chem- 
istry was first systematically studied by Baker and 
Smith in 1885; the former was a botanist, the latter a 
chemist. They concentrated on the genus Eucalyptus 
(Myrtaceae). Another Australian plant, Duboisia 
myoparoides (Solanaceae), was found to contain the 
important alkaloid scopolamine. The plant was a 
main source of this base during the war (7). 

The often cited C.S.I.R.O. has played a leading role 
in Australian plant and natural product research. 
The organization undertook a systematic field survey 
of the Queensland flora, looking for useful alkaloids. 
During this survey 753 different species from 110 
different families were tested. The work was begun in 
19/4, the results being published in 1949 (13, 14). This 


sys'ematic survey of Australian native plants was con- - 


tinued, and subsequent results of the testing were pub- 
lished in 1952 (16). 

Other Australian contributions to the chemistry 
and pharmacology of plant principles may be found 
in the current Australian literature. Among special 
texts dealing with toxic plants of Australia, that of 
Gardner and Bennetts is mentioned (16). A book 
by Connor deals with poisonous plants of New Zea- 
land (17). 
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TABLE 2 


First 
appear- 
Title Published by: ance Appears¢ 


AUSTRALIA 
The Annual Report of the Insti- 
tute of Science and Industry 
The Australian Journal of Ap- C.S.I.R.O., Melbourne 
plied Science 
The Australian Journal of Ex- Adelaide 
perimental Biology and Med- 
ical Science 
The Australian Journal of Science on 
The Australian Journal of Scien- O., Melbourne 
tific Research 
= Australian Journal of Chem- C.S.1.R.0., Melbourne 


The —y Journal of Bio- Melbourne 
logical Science 
Journal and Proceedings of the Australian Chemical 
Royal Australian Chemical Institute Melbourne 
Institute 
Reviews of Pure and Applied Australian Chemical 
Chemistry (8) Institute, Melbourne 
Australasian Journal of Phar- Melbourne 
macy 
Annals of Medicine dney 
Australian Official Journal of 
Patents, Trade-Marks and 
Designs 


1922 A 


NEW ZEALAND 
Journal of Science and Technol- 


ogy, 
Series A: Agricultural Re- Wellington 
search 
Series B: General Research Wellington 
The Journal of the New Zealand Wellington 
_ of Chemistry 
The Transactions and Proceed- Wellington 
ings of the Society of 
New Zealan 
New Sealand | Medical Journal New Zealand branch of 1902 
the British Medical 
Association, Welling- 
ton 


a -_ irregularly; M, monthly; BM, bimonthly; Q, quarterly; A, an- 
nually; SA, semi annually; W, weekly. we 
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TEXTBOOK ERRORS' 


THE MEANING OF “ELEMENT”’ 


Professor A. Sementsov of Lafayette College, Easton, 
Pa., notes that students are often confused by the 
failure of textbooks? to distinguish clearly between 
elements and elementary substances. This difficulty 
becomes particularly clear during the discussion of the 
composition of compounds which are said to contain 
certain elements but which clearly would not be pure 
if they contained any of that element as a substance, 
i.e., uncombined. Thus pure copper sulfide contains 
20.1% of sulfur but copper sulfide can be readily 
purified to contain less than 0.1% of sulfur! 

When the elementary substance has a special name, 
there is no danger of confusion: 4.197% of carbon in 
washing soda may be a sign of purity but the same 
percentage of graphite would certainly reduce its 
cleansing value! Unfortunately few elementary sub- 
stances have such special names which were made 
necessary by their allotropy (diamond, graphite; red 
and black phosphorus; ozone) but even here the most 
common allotrope often has the name of the element 
(carbon, oxygen). 

The trained chemist, of course, always knows from 
the context whether the element or the elementary 
substance is involved but the beginning student can 
readily be perplexed.* 

A possible path towards clarification may be to 
use in the early stages terms such as elemental sulfur 
or elemental oxygen when describing elementary sub- 
stances and simply sulfur and oxygen when discussing 
the elements. Another approach might be to warn 
the student explicitly of the ambiguous character of 
the word element and of the names of most elements. 


THE SOLUBILITY OF PHENOL IN 
CARBONATE SOLUTIONS 


Professor F. J. Guerin of Merrimack College, North 
Andover, Massachusetts, points out that many text- 
books? state that phenol does not dissolve in sodium 


1 Suggestions of material suitable for this column and guest 
columns suitable for publication directly are eagerly solicited. 
They should be sent with as many details as possible, and particu- 
larly with references to modern textbooks, to Karol J. Mysels. 
Department of Chemistry, University of Southern California, 
Los Angeles 7, California. 

2 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of errors discussed will not be cited. The error must 
occur in at least two independent standard books to be presented. 

*In connection with perplexing words the reader may try 
this statement: “If the ions were to form a union, the ionized 
particles would be unionized and the unionized ones would be 
ununionized.”’ 


XX: Miscellanea No. 2 


KAROL J. MYSELS 
University of Southern California, Los Angeles 


carbonate solutions and ascribe this to its weakness as 
an acid. In fact, however, phenol dissolves in sodium 
carbonate solutions and this is due to its strength as 
an acid which is greater than that of the bicarbonate 
ion. 

Phenol is quite soluble in water, the saturated solu- 
tion containing about 8% of phenol which corresponds 
to about 0.9 M. As is well known, it becomes com- 
pletely miscible with water at higher temperatures. 
A test-tube experiment shows readily that, at room 
temperature, addition of sodium carbonate increases 
its solubility and that it dissolves freely in concen- 
trated solutions of this salt. However, at higher salt 
concentration a phenoxide-rich, water-miscible layer 
separates. This in turn gives a phenol-rich layer upon 
acidification. 

The equilibrium involved 

CsH;OH + + CO;H- 


gives an equilibrium constant which can be expressed 

in terms of the corresponding dissociation constants 

which are* about 1.3 X 10- for phenol and 4.4 X 

10-" for CO;H-. 

K,, = _ 
(CsHsOH) (CO;7) (C.H;OH) 


CsHs0OH =3 


(CO;H =) 
(CO;")(H*) 


Thus phenol being appreciably more acidic than 
bicarbonate, tends to form the phenoxide at the ex- 
pense of the carbonate ion. If the equilibrium con- 
centration of carbonate were equal to the solubility of 
phenol, the above equation indicates that the solubility 
of phenol would be more than doubled since the 
stoichiometry gives (CsH;,0-) = (CO;H~-) and under 
these conditions 


(CsH;OH) + 
(C.H;OH) 


1 4 _ 
1+ 


Needless to say that in sodium bicarbonate solutions 

there is no appreciable increase in the solubility of 

phenol since it is a much weaker acid than carbonic 

acid. 

THE CHANGE OF VAPOR PRESSURE 

WITH TEMPERATURE 


Michael Avinor of the Scientific Department of ‘he 
Ministry of Defense of Israel calls attention to ‘he 
fact that textbooks? seldom point out the exact cv n- 


‘ “Handbook of Chemistry and Physics,’’ Chemical Ruler 
Publishing Co., Cleveland, Ohio, 1955. 
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ditions for the validity of thermodynamic equations 


describing the change of vapor pressure with tempera- 
ture. In particular, the familiar equation 


in which the volume of the liquid does not appear is 
cften given as an approximation without noting that 
this is true only for the liquid under its own vapor 
pressure (such as water in vacuum). On the other 
hand, this equation is actually the exact one if the 
liquid is kept under a constant pressure (for example, 
approximately, water in the presence of air). 

This can be shown as follows. The differential 
changes of chemical potential must be equal in the two 
phases under equilibrium conditions and can be writ- 
ten 

VidP! — S'dT = — S*dT (1) 


where the superscripts refer to the phase, and the 
quantities V and S refer to the same amount of the 
material (e.g., one mole). This can be rearranged to 

(S* — S‘)dT = — V'dP! (2) 
The difference of entropies on the left side of the equa- 
tion corresponds to the heat of transition from liquid 
to vapor AH” so that we can write 


AH"*dT/T = V°dP* — V'dP! (3) 
Now we can apply this general relation to two cases. 

The first case is when the pressure on the two phases is 
the same, dP? = dP’. This is the usual case of a 
liquid exposed simply to its pure vapor. The above 
equation then simplifies to 

= — V')dP” (4) 
or 

dP*/dT = AH"*/T(V* — V*) (5) 
which gives 


adP*/dT = 


only if we neglect the volume of the liquid. 

The second case is when the pressure of the liquid is 
maintained constant. This less familiar case can be 
realized exactly if the vapor-liquid interface is curved 
so that surface tension supplies the difference of pres- 
sure between the two phases. In small capillaries 
this difference can be appreciable. The other and less 
perfect way of realizing this case is by the presence of 
an inert and insoluble gas in the vapor. Then P* 
is the partial pressure of the vapor in the vapor phase 
and P* is the sum of the pressures of the vapor and the 
inert gas. This is approximately realized when water 
is exposed to air at constant total pressure. 

Now dP’ = 0 so that our equation (3) becomes 


AH"*dT/T = V*dP* 


(6) 


and gives 
aP*/dT = AH"*/TV* 


without any approximation. 

It may be noted, however, that the value of AH”, 
the heat of transition, has to be taken under the condi- 
tions of the process considered and may differ slightly 
in the two cases. Only the first case corresponds 
exactly to the usual definition of heat of vaporization. 


DISCUSSED ELSEWHERE 


The Action of Phosphorus Pentachloride on Ether. 
J. Zussman and E. de Barry Barnett of The Grammar 
School, Hastings, England, examined’ the evidence 
for the formation of alkyl chloride and phosphory] 
chloride by this reaction as is sometimes stated in 
texts. They conclude that no such reaction occurs 
but that an error probably slipped into a translation 
about a hundred years ago! 


5 ZussMAN, J., AND E. pE Barry Barnett, School Sci. Rev., 37, 
271 (1957). 


Srverat recently described systems for distinguishing 
Pyrex from soft glass rely on the disappearance of a 
Pyrex object when immersed in a liquid having the 
same refractive index.! These systems are fast and 
convenient but require pure liquids or carefully con- 
trolled mixtures, and they fail if the glass is not ab- 
solutely clean and free from grease. 

An alternative detector relies on the lens action of 
gl:ss tubing. A piece of graph paper is taped half- 
W:y around a small beaker with the ruled side facing 


A mixture of 16 parts methanol and 84 parts benzene is rec- 
onimended by Corning Glass Works, Corning, N. Y., in the 
booklet “Laboratory Glass Blowing with Pyrex Glasses.”’ Other 
mixtures and pure liquids have been employed. 
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A SIMPLE PYREX-DETECTION SYSTEM 


H. BRADFORD THOMPSON 
Gustavus Adolphus College, St. Peter, Minnesota 


inward. The beaker is then filled with benzene and 
the end of the glass tubing is immersed. Pyrex, of 
lower refractive index than benzene, enlarges the 
image of the graph paper as viewed from the uncovered 
side of the beaker, spreading the vertical lines farther 
apart. Soft glasses, of higher refractive index, reduce 
the observed line spacing. 

The benzene need not be very pure, nor must the 
glass be clean—merely wiping off most of the dust will 
do. Pyrex is immediately distinguished from all 
soft glasses. However, quartz and Vycor tubing will 
give a “‘Pyrex”’ test. 

Glass rod may be tested by this same means, but 
the observed effects are reversed. Pyrex rod gives a 
reduced image, while soft glass magnifies. 
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In presentine the concept of electron arrangement of 
neutral atoms, it occurred to one author (N. W.) 
that the data could be graphically shown by use of 
what we have called an “electron locator,” as shown 
in Figure 1. This device is 30 inches in diameter and is 
intended for permanent wall mounting when not in 
use as a classroom demonstration. 


“S orbitals occupy spherical volumes 
P orbitals occupy elliptical volumes 


N. WEIS 
& JS. MEEK 


transitional. elements 
[7] rare earth elements 
actinide series 


* AN ELECTRON LOCATOR 


NORMAN D. WEIS and JOHN S. MEEK 
University of Colorado, Boulder 


The locator has a stationary face which is immovably 
attached to a plywood backing, spaced so as to allow 
movement of an inner disc. This disc is shown in 


Figure 2. Upon rotation of this disc so that the 


symbol for an element is lined up with the pointer on 
the face, the perforations on the face permit a black, 
red, or white background on the inner dise to be ob- 
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served and indicate the electronic state of the element. 
Black dots and a red one indicate the positions of 


electrons, while a white background indicates an un- 
filled position. Only one red dot is shown for each 
element and represents the last electron gained over 
the preceding element. This enables one to show 
clearly how the electronic levels are filled in a regular 
manner through argon, how the transition elements 
occur as a d level is filled, why the rare earths have 
similar valences as the inner 4f level is completed, and 
how the actinides form a similar series with the in- 
complete 5f orbital. Hund’s rule’ is also clearly 
demonstrated. The elements have been color coded 
so as to indicate the regular elements, the transition 
elements, the rare earths, and the actinide group. 
At present, data? as far as mendelevium have been used. 
The configuration for a number of elements is uncer- 
tain and several possibilities are found in the liter- 
ature. The configurations giving the most uniform 
progressions were used in making our device. 

Details of construction will be sent to interested 
readers upon request. 


1 Hunp, F., ‘‘Linienspektren und periodisches System der Ele- 
mente,” Julius Springer, Berlin, 1927. 

2? Lipscoms, W. N., “Comprehensive Inorganic Chemistry, 
Vol. I,”’ (edited by M. C. Sneed, J. L. Maynerd, R. C. Brasted), 
D. Van Nostrand Co., Inc., New York, 1953, p. 12. Data for 
elements 89 through 103: personal communication, G. Seaborg. 


» MAPPING THE THERMAL THICKET 


Mavprine the “thermal thicket” consists of calculating 
the temperature of an object moving through the air 
at speeds greater than the speed of sound. The “heat 
barrier” that lies beyond the old “sound barrier” is a 
limiting factor in the capabilities of manned aircraft. 
For example, at Mach 3 the total temperature (uncor- 
rected for radiation and convection losses) is 640°F. 
at 40,000 feet, and at this temperature the tensile 
strength of aluminum is about half its room temperature 
strength. The designer of such aircraft must also not 
forget to refrigerate the pilot! 


The recently publicized “re-entry problem,” or how 


to get an outer-space vehicle back into the atmosphere 
without burning, is just one more aspect of the same 
problem. 

The importance of these problems is obvious. They 
also provide a good opportunity to illustrate the practi- 
c:! use of the kinetic theory of gases, since the nature of 
the thermal thicket is described by a simple application 
ot the kinetic theory. 
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DERIVATION OF THE MATHEMATICAL 
RELATIONSHIPS 


The relationship between temperature and the ve- 
locity of a moving body through the air is easily derived, 
and may be found in various reference texts dealing 
with aerodynamics. ' 

In the usual aerodynamic calculations, the molecules 
of air are considered to be stopped adiabatically in a 
boundary layer on the skin of the plane. For a stream 
of a perfect gas brought to rest adiabatically 


Since C, — C, = R, and C,/C, = vy, we can write 
yCR 


Cp, — Cr y¥-1 


It is most convenient to write our equations in terms 


1Snaprro, A. H., “The Dynamics and Thermodynamics of 
Compressible Fluid Flow, Vol. 1, The Ronald Press Co., New 
York, 1953, pp. 78-80. 
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of unit mass, the gram, and energy in ergs, hence heat 
capacities are in ergs per gram per degree and the gas 
constant, R, is expressed in the same units. This 
choice of units preserves the simplicity of the following 
equation. 

Stopping the gas adiabatically, kinetic energy becomes 
heat energy: 

AH = = CymaT 


Solving for v, the velocity in centimeters per second of 
the plane in still air, 


v = V20,AT = V20,(T: — T) 
Thus: 


v? 1 
7 -T= = 

The speed of sound in a perfect gas isc = ~WyRT 
and the ‘‘Mach number” is defined as M = v/c. Since 
c? = yRT 


T/T =1+7>" 


The T in this final equation is the temperature of 
the “‘still” air, and 7’, is the temperature in the boundary 
layer of air on the flying object. The temperature of 
the object is essentially that of the boundary layer and 
is called the “stagnation”’ or “total’’ temperature. The 
ratio T',/T depends only on the gas constant,y, and the 
Mach number 

In essence the ‘‘total temperature” is the temperature 
of the gas plus the temperature rise due to the impact of 
the gas. 

For a plane at 40,000 feet in still air at — 67°F., the 
value of 7,/T at M = 2 is 1.80, giving a “total tem- 
perature” of 147°F.; at M = 10, 7,/T = 21 and 7; = 
7790°F. (see table). 

At M = 10, with all corrections for conduction and 
radiation, 7; is about 1500°F., well over the melting 
point of aluminum. 

The problem of how hot a descending sputnik at 
18,000 m.p.h. might get is approximated by simply cal- 
culating the temperature of nitrogen whose molecules 
are moving 18,000 m.p.h. at random, or calculating the 
temperature rise as if the satellite were a bullet striking 
a wall, 

The actual temperature reached by a flying object, 
of course, depends on a number of factors other than 
speed and our calculation gives only the upper limit. 
Heat is lost by radiation and by flow to cooler unexposed 
parts. Other factors include the shape of the object, 
the density and temperature of the air; and the length 
of time the flying object maintains its velocity. 

It would seem odd (if we were not so familiar with the 
heating effects of friction) that an object immersed in 
cold air could become hotter, since our usual experience 


is that when a body is immersed in a fluid the body and 
fluid reach the same temperature. The fact is that a 
moving object contributes kinetic energy, and the rele 
vant term in measuring heat includes all the kinetic 
energies: or to put it another way, the kinetic energy 
of one system, using the other system as the reference: 
point. It is, after all, the impact of the molecules o° 
the air on the plane that is the operative quantity, anc 
that value depends not on the motion of the gas mole- 
cules alone, but on the motion of the plane also. 

Thus, in a system of two bodies, such as plane ani! 
air, there are two temperatures which are importani, 
(1) the temperature of the gas taken with a thermometer 
with respect to which there is no mass flow of the gas, 
and (2) the temperature taken with a thermometer that 
is fixed in position with respect to the plane. 

Whatever mental picture one finds most convenient 
does not matter. The temperature rise of a flying 
object on striking the atmosphere is due to the trans- 
formation of kinetic energy of impact into heat. The 
calculation of maximum temperature rise in the moving 
object is easily approximated in either of two ways; 
first, that the kinetic energy of the moving body is 
entirely changed to heat, or second, we can pretend 
the moving object is motionless and then calculate the 
temperature of the gas by taking the speed of the object 
as the speed of the gas molecules and use the familiar 
relation between root mean square molecular velocity 
and temperature. 

This calculation also answers a question that some- 
times bothers the brighter students: The “average” 
speed in the equation 

v = V3RT/M 


is derived for random three-dimensional movement, and 
an occasional student wonders why “heat” motion 
must be three-dimensional and whether one- or two- 
dimensional flow has any meaning temperature-wise, 
or some analogue of temperature-wise. 


‘Total Temperature’ as a Function of Velocity, at 40,000 
Feet Altitude 


Velocity 
in Mach 
numbers 


0 
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Scientific instruments make possible scientific progress. Galileo’s determination of 
the speed of falling bodies could have been made at any time within the preceding 


5000 years with the proper instruments. 
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CLOSED CIRCUIT TV IN THE CHEMISTRY 


AUDITORIUM 


Wruen chemical experiments are shown in a large 
leeture room, all of what happens may not be seen by 
those occupying the side and rear seats. In many 
cases important details may be missed. Formerly this 
problem was met, in part at least, by using projection 
apparatus, silhouettes, or over-dimensioned demonstra- 
tion setups, but the success was not complete. For 
some time there has been functioning in the auditorium 
of the Inorganic Chemical Institute of the University 
of Géttingen a television installation which represents 
a great advance for the demonstration of experiments. 
A television camera installed on the lecture table trans- 
mits the demonstration directly by cable: to screens 
suitably set up in the auditorium, their number being 
adjusted so that every seat has a good view. 

A slide rail is mounted on the inner side of the demon- 
stration table. The camera carriage (100 cm. long, 
45 em. wide, height = that of the table) can be moved 
noiselessly along this track (see Fig. 1). The camera 
and an auxiliary illuminator (screen with 100-watt 
bulb) are on the carriage bed; both can be readily 
moved in all directions, horizontally and vertically. 
The monitor screen is close by. The electrical acces- 
sory instruments are housed in the lower part of the 
carriage. In order to be able to regulate the adjust- 
ment of the picture screens, a central remote control 
is provided. 


? 


Figure 1. Camera Mounted on Lecture Table 


Vote auxiliary lighting and control monitor screen on camera carriage. 
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An Adaptation Used in Germany 
OSKAR GLEMSER 
University of Gottingen, Gottingen, Germany 


(Translated by Ralph E. Oesper 
University of Cincinnati) 


Figure 2. Receiver Mounted for Viewing at Rear of Lecture Room 


Electrical energy produced by ch 
Daniell cell. 


1 reactions, demonstrated by the 


The camera objective (“Pan-Cinor”1:2.8) used by us 
can be shifted by a lever in such a way that the focal 
distance can be varied between 25 and 100 millimeters 
and hence a continuous change from normal to tele- 
objective is permitted. This simple as well as rapid 
and convenient device makes it possible to show the 
graduations of burets, or the scales of electrical in- 
struments or thermometers, at such size that every 
viewer can see them conveniently. 

All of the apparatus and equipment involved in a 
lecture demonstration is placed on a white background 
(Fig. 1). When dark backgrounds are necessary, wood 
blocks painted dull black or black filter paper are 
employed. All accessories included in the assemblies, 
such as ring stands, clamps, rings, etc., must be painted 
dull black to eliminate all interfering reflected light. 

The calibration marks on glass vessels such as burets, 
pipets, and the like must be whitened since mere etching 
of the glass is not sufficient in contrast to show up on 
the screen. Sometimes it is desirable to have the 
audience be able to read the volumes of gas or liquid. 
The meniscus is made distinctly visible if the auxiliary 
lighting is directed from above and the camera is 
directed not level with the meniscus but at an angle 
either above or below it. 

If materials contained in glass vessels are to be seen, 
certain additional precautions must be taken to obtain a 
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Figure 3. Demonstration of the Marsh Test for Arsenic 


good contrasting picture. For example, colorless 
precipitates or solids can be readily seen if a nonreflect- 
ing black shield (25 25 cm.) is held behind the vessel. 
This shield should be provided with a handle. A 
shield painted white serves similarly for dark or black 
precipitates or solid compounds. With respect to scale 
divisions, such as occur on balances or electrical measur- 
ing instruments, it has been found that a black scale on 
a white ground is better than vice versa. The pointer 
must also be kept dull and, if possible, be as long as 
the marks on the scale. 


Details are pointed out with a glass rod (300 mm. 
long, 3 mm. in diameter) the upper end of which is 
painted black and lower end white. The experimente: 
then can easily point out dark or light parts of th: 
image by using the white or black end of the glas: 
rod to achieve the best contrast. 

Bright light or reactions which are attended with th 
evolution of brilliant light (burning of magnesium 
etc.) must not be carried out in front of the televisio: 
apparatus. The light-sensitive film of the scanning 
device will be damaged. In such circumstances, th: 
objective of the camera is closed with a cap. 

An assistant checks the reproduction on the monito: 
before each demonstration and only then does he plus: 
in the picture screens in the auditorium. When th: 
experiment is finished, these are switched off. 

The television setup as described has proved to be 
of value in the 11/2 years it has been in use. About 
70% of the experiments in the main lecture course 01 
general and inorganic chemistry have been shown over 
television without a single instance of failure of the 
apparatus. The speakers in special lectures have like- 
wise been well satisfied with the performance of this 
modern teaching aid. 


THE CASE OF THE ELIGIBLE EMERS' 


ONCE upon a time there lived in the world of the very-very little people three eligible bachelors, 
the Emer brothers. In this world the bachelors were called photons, and the bachelor girls were 
called ions. 

A short distance from the Emer home lived a beautiful young ion, named Maggie Perman- 
ganate. All three Emer brothers wanted to marry Maggie, so one day they decided to court 
her, each in his turn. They drew lots to see who would try to spin her to the level of Matrimony 
first. Pho, the youngest and poorest brother won; Tow, the eldest and richest was second; and 
Onn, the middle-aged, handsome, and very suave brother was third. They had all been saving 
their mu’s for just such an occasion. 

Pho, delighted to have the first chance, quickly sped on his way to see Maggie. This gay, 
young, impetuous bachelor had saved only 400 mu’s to support a wife. So, when Maggie, who, 
by the way, looked simply dashing in purple, encountered Pho, she found him much too fast for 
her, and definitely too poor to support her in the manner to which she would like to become ac- 
customed. So, brother number one struck out with Maggie. 

It was now the eldest brother, Tow’s, turn to court Maggie the magnificent Permanganate 
ion. Tow was rather old, slow, and not at all an ion’s photon, but his fortune of 850 mu’s was not 
to be overlooked. That’s a lot of mu in anybody’s language! But in less than a micro-second 
with this bird Maggie realized that mu’s aren’t everything. Tow just didn’t raise her energy 
level one iota. Needless to say, Tow, poor old Emer that he was, was turned down. 

The third and middle-aged brother, Onn, now prepared to give his all to spin fair Maggie. 
Although Onn was not too rich, with only 550 mu’s to his name, he had that certain something 
that all Permanganate ions look for in a photon. Maggie no sooner met Onn than she felt that 
unmistakable electromagnetic feeling which raised her energy level on the spot. They were so 
attracted to each other that Onn literally gave himself to her, and Maggie immediately spun, 
in wedded bliss, with Onn. 

Unfortunately, this hasty union did not endure. Maggie, who had been spinning happily 
after her marriage, began to notice the instability of her excited state, and to think seriously about 
returning to the ground. Onn, completely broken up over Maggie’s desire to return to her orig- 
inal state, left bit-by-bit. Maggie, no longer excited over Onn, resumed the normal activities of 
an average Permanganate ion. 

CHARLES P. BUHSMER, Jr. 


Kinea’s 
PENNSYLVANIA 


1 Emer signifies Electromagnetic Radiation. 
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SOME COPIES OF JEAN BEGUIN’S TEXTBOOK 
OF CHEMISTRY 


Tue life and work of Jean Beguin as a chemist and 
textbook writer have been presented in an article by 
T. S. Patterson (1). This publication is so nearly 
complete that any additional material on Beguin must 
be considered as an extension of the foundation laid by 
Patterson. An article by Clara De Milt in ruts 
JoURNAL is based in part on Patterson’s work (2). 

Although biographical details are meager, a brief 
summary of Beguin’s life (1) may be given by way of 
introduction. He was born about 1550 in Lorraine. Of 
him, Duveen and Willemart say, “Lorraine’s greatest 
contribution to chemistry during the [seventeenth] 
century undoubtedly came from Jean Beguin’”’ (3). 
After receiving his education he traveled through Ger- 
many, Hungary, and Italy (4), finally coming to Paris 
a few years after the turn of the seventeenth century. 
There he opened a school for the teaching of pharmacy, 
which was very successful, attracting large numbers of 
students from many parts of the Continent. To save 
time in dictating notes, he wrote a textbook in Latin, 
“Tyrocinitum Chemicum,” published privately in 1610. 
In 1615 his first French translation appeared, bearing 
the title, ““Les Elemens de Chymie.” Ferguson calls it 
the most popular text of its time (5) for it went through 
some fifty editions in Latin and French, many of them 
after Beguin’s death about 1620. Although differing 
considerably in form, expression, and notes of revisers, 
most of the editions are substantially equivalent in 
content, some of them, indeed, being close reprints of 
previous issues. Some of the editions were pirated, and 
others appeared in collected works. The last editions 
appeared in 1669. 

The textual material of the book has been commented 
upon by Bolton and Ferguson, and described by Holm- 
yard and Patterson. Bolton says that the book “‘is 
characterized by freedom from ambiguity and prolixity 
as well as from hermetic superstitions; it deals chiefly 
with the medical applications of chemistry” (6). 
Ferguson summarizes the contents very simply by 
saying that ‘The book is merely an outline of certain 
pharmaceutical preparations, but incidentally there is 
some general chemistry, ...” (5). This unenthusiastic 
evaluation evoked from Holmyard the statement that 
“A careful study of the ‘Elemens de Chimie’ has led me 
to place a considerably higher value on the book than 
that assigned to it by Ferguson, and it is scarcely 
doubtful that the great Lemery (1645-1715) must have 
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been very much indebted to it” (7). After a lengthy 
chapter-by-chapter description of the book, Patterson 
concludes that the book “‘must have done much in an 
unostentatious fashion to guide real chemistry along a 
sound experimental path’’ (8). 

Patterson mentions almost all of the various editions 
and gives a complete description of most of them. 
Moreover, since some of them are rare, he devotes a 
considerable portion of his paper to the description of 
individual copies which he was able to locate. How- 
ever, his bibliographical sources are confined only to 
European libraries. It is the purpose of this paper to 
call attention to some copies of “Tyrocinium Chemi- 
cum” and “Les Elemens de Chymie”’ to be found in 
American libraries. To this end, some examples of 
early, middle, and later editions will be discussed. 


COPIES IN AMERICAN LIBRARIES 


Beguin’s second edition is almost as important as the 
first edition of 1610, both because of historical interest 
and rarity. The first edition was published privately 
and anonymously for distribution among Beguin’s own 
students. But a copy came into the hands of Anton 
Boétzer in Cologne and was pirated by him in a pub- 
lication of 1611, with the same title as the original, and 
without mentioning Beguin’s authorship. Vexed by 
this misappropriation of his work, and realizing that it 
was being recognized as his own, he decided upon a 
revision and publication under his own name, as follows: 
Tyrocinium / Chemicum / Recognitum / Et / Auc- 
tum / Autore / Ioanne Beguino, Regis / Eleeomosynario / 
[ornament] / Parisiis, / Apud Matheum Le Maistre, 
iuxtra / S. Jo. Lateranensem / M. DC. XII / Cum- 
priuiligo Regis.?. Patterson calls this 1612 version ex- 
tremely rare, for the copy in the Bodleian Library at 
Oxford was the only one he was able to locate (9). 
However, the Engineering Societies Library in New 
York has a copy of this 1612 edition which is in good 
condition. It is bound in vellum, with three thongs 
holding the gatherings together. On pages 27 and 28 


1A concise table of the ‘‘genealogy’’ of the various editions, 
indicating how they were derived from those which preceded 
them, is given in Patterson’s article, pp. 250-1. Also, following 
p. 296 there are twenty-seven photographs of the more important 
editions, containing title pages, text, and signatures. 

2 The Chemical Beginner Revised and Enlarged by the Author, 
Almoner to the King. Paris, Mathieu Le Maistre, beside St. 
John Lateran’s, 1612, With the privilege of the King. 
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there are a few notations by an adept. The bookplate 
reads, “Engineering Societies Library, N. Y., in memory 
of Horace Vaughan Winchell, President, 1919, American 
Institute of Mining and Metallurgical Engineers. His 
collection of books.”” Another 1612 edition, bound with 
three other books, is in the Pennsylvania Hospital 
Medical Library, Philadelphia. On the title page there 
is written, ‘“No 155. Sum ex lib: Thos [?] Parnell [or 
Darnell] pret: pree emp Lon Aug 4.48.” The title 
page also has the name of Lloyd Zachary in a different 
hand from the quotation above. There is suggestive 
circumstantial evidence to indicate that the book once 
belonged to Lloyd Tevis,* (1701-1756) (10), although his 
name is not inscribed in it. On the inside front cover is 
a pasted label, ‘“No. 40 Belonging to the Medical Library 
of the Pennsylvania Hospital.’”’ Tevis died September 
26, 1756, and his will directed that his forty-three 
volume library be added to the Pennsylvania Hospital 
Library (10). But even if the book did not belong to 
Tevis, at least it is evident that the “No. 40” label in 
this copy of “Tyrocinium Chemicum”’ places it in the 
American colonies around the middle of the eighteenth 
century. 

As a sign pointing to the immense popularity which 
was to be enjoyed by the book, it is interesting to note 
that Boétzer immediately pirated this 1612 edition 
also. A copy of this Boétzer edition is in the Yale 
library. 

The first French translation appeared in 1615, under 
the title of ‘“Les Elemens de Chymie” (1/1), and other 
French editions followed. The Gleeson Library of the 
University of San Francisco has a copy of the 1647 
edition.‘ This particular copy is not apt to appeal to 
the bibliophile, but it will excite the imagination of the 
chemist. Although the printing is perfectly legible, 
the general appearance of the book is not very attractive. 
It has been cut and rebound. The present end papers 
are probably nineteenth century machine made. The 
spine and backing are nineteenth century and are in 
fair condition. The grade of the paper used for the 
printing was the poorest available at the time.’ It was 
probably made near Maromme or to the southwest of 
Rouen. The sheets are octavo. The water marks are 
difficult to discern because worn molds were used, and 
the book has been cut twice, which has resulted in 
removal of parts of some of the marks. Two different 
water marks are found in the body of the text. Most 
sheets are marked with a crown which is similar to 
number 1064 in Heawood (12). Two sheets are marked 
with a six-petal flower with flourishes above and a 
stem with cross-bar below. The index is composed of 
sheets of similar grade to the rest of the book, and con- 


* Tevis was born in Boston. He was one of the founders of 
the College of Philadelphia, an organizer of the Pennsylvania 
Hospital, and a member of its first medical staff. 

‘ This copy was part of the library of Augustus J. Bowie, Jr., 
(1845-1917), internationally famous hydraulic mining engineer 
and first graduate of the University of San Francisco (1863). 
His collection was one of the outstanding scientific, technological, 
and literary collections in the West. See “The Libraries of Cali- 
fornia,’’ Flora Apponyi, A. L. Bancroft and Company, San Fran- 
cisco, 1878, p. 64. Other reported copies of this edition are 
located at Harvard, University of Edinburgh, University of 
Glasgow (two copies), and Clifton College (Bristol, England). 

5 The author is deeply grateful to Dr. Allan H. Stevenson for 
the examination of the paper stock. He examined the book 
while a Fellow at the Newberry Library, Chicago. 


taining as a water mark a hook of peculiar shape. 
The printer’s measure is much wider in the index thai 
in the text. There are two annotated sheets following 
the index. These have a hand-shaped water mark, 
and the paper is probably of seventeenth century 
manufacture. It is possible that these two sheets were 
end papers of the first binding. 

From the point of view of a laboratory manual, this 
little volume shows that it has been put to good usé. 
The cheap paper shows many signs of wear resulting 
from much use. There are numerous stains from ferric 
and silver salts. Besides these accidental marks, there 
are many corrections and additions. Some of the latter 
are in chemical symbols. For instance, immediately 
preceding the first chapter there is a table listing the 
elements and their corresponding planets (“Saturn- 
Plomb,” etc.).6 Opposite each element its symbol has 
been entered in black ink. Following the index of 
subjects there is a handwritten index of the marginal 
annotations which appear throughout the book. 

Among the later editions, two in 1669 may be men- 
tioned. One of these, “Tyrocinium,’’ was published 
by Baleonius in Venice. Patterson (/) and Ferguson 
(5) were not aware of this edition, but it is listed in 
Duveen (13). A copy in excellent condition (except 
for some slightly browned pages), bound in parchment, is 
in the Library of the College of Physicians of Phila- 
delphia. An ownership inscription, ‘ex libx Petr. 
Pauli Raphaelij,’”’” appears below the last line of the 
title and is repeated on page 1. Another copy is in 
the Duveen collection at the University of Wisconsin. 
The other 1669 edition was in English, and has for its 
title, ““Tyrocinium Chemicum: or, Chymical Essays,” 
by John Beguinus; the publisher was Thomas Pas- 
senger, London. Neither the name of the translator nor 
the edition from which it was translated is mentioned. 
Patterson (14) has identified the translator as Richard 
Russell. Patterson (15) also states that the English 
translation was apparently direct from the Latin of 
1612. One would think that the translator would have 
chosen one of the later editions which were improved by 
various competent revisers after Beguin’s death. How- 
ever, a clue to the reason of his choice is given by Russell 
in the unsigned preface in which he says that his aim is 
“.. neither to add anything of his own, nor to omit 
[anything] of the Author’s.” Copies of the English 
version are in the Brooklyn Public Library, the Edgar 
F. Smith Library at the University of Pennsylvania, 
and the libraries of Harvard, Yale, and the University 
of Wisconsin. 

It would be unprofitable to attempt to evaluate any 
influence which Beguin may have had on chemical 
thinking in Colonial America. But at least his works 
were known. It has been mentioned previously that a 
1612 edition was in the Pennsylvania Hospital Medical 
Library about 1750. Another instance is the 1534 
Latin edition now in the Bowdoin College Library. On 
the flyleaf is the signature, “Ezra Stiles 1786.” On 


6 For the origins of this practice see PARTINGTON, J. R., Ariz, 
1, 61 (1937). 

7 A publication of Raphael’s, ‘‘Sepulcrum Hermetis Resera‘um 
Sive De Opere Hermetico Libri Tres Authoris Anony!i,” 
Andream Poleti, Venice, 1715, is listed in Duveen, Ref. (15', P- 
496. 

8 For Russell’s role as a translator of important chemical works, 
see FERGUSON, Joun, J. of the Alchemical Society, 2, 11 (191°). 
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the title page is the signature “A. Holmes,” and the 
bookplate shows that it was presented to the library by 
The Rev. Abiel Holmes. Stiles was a universal scholar, 
distinguished clergyman, and seventh president of Yale. 
His wide and deep intellectual interests embraced a 
number of sciences, chemistry included.* Holmes, a 
distinguished historian and father of Oliver Wendell 
Holmes, was the son-in-law of Stiles, and inherited 
his books and papers. 

The contributions of Beguin to chemistry have been 
generally overlooked by historians of chemistry. 
However, the few editions of his text discussed in this 
paper are merely representative of many more which 
are available in American libraries. While I have not 
attempted a complete count of all copies of every edition 
of the ‘“‘Tyrocinium Chemicum” in this country, I 
have ascertained that there are about 50 Latin, French, 
and English, and distributed in publication date from 
1612 to 1669. This compares favorably with the 77 
copies listed by Patterson (1) in European libraries. 
Thus there is ample opportunity in this country for 
the study of the work of this early French chemist. 
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Ix orper to avoid the instability which has prevented 
the advance preparation of large quantities of solutions 
for the “iodine clock”’ demonstration, Conway! proposed 
the addition of alcohol to the acidified sulfite solution 
in order to inhibit oxidation. The present authors 
felt that the escape of volatile sulfur dioxide from acid- 
ified sulfite solutions might also contribute to instability. 
Therefore, it would seem desirable to keep the sulfuric 


acid separate from the sulfite solution. To test this - 


view, three series of solutions were prepared: (1) the 
two solutions suggested by Alyea?; (2) the same 
two solutions with the acid in the potassium iodate 
rather than in the sulfite solution; (3) three solutions, 
one containing potassium iodate, the second containing 
the acid, and the third containing starch and sodium 


* Conway, W. J., J. Cuem. Epuc., 6, 398 (1940). 
* Auyga, H. N., J. Epvuc., 32, 9 (1955). 
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acid sulfite. After standing for about one year in 
tightly closed containers, the first series of solutions 
required several seconds to completely turn blue after 
the characteristic induction period had elapsed, while 
color changes for the second and third series were 


still instantaneous. To simulate the further passage 
of time and to facilitate the escape of sulfur dioxide, 
the three series of solutions were exposed to the air in 
open beakers. After six hours, only the third series 
of solutions still showed a sharp color change. After 
24 hours, only the third solution showed any color 
change at all. 

As for appearance, the starch solution of the first 
series had turned cloudy after one year, while the starch 
solutions of the second and third series remained 
clear. Fungi (Phycomyces nitens) were found in the 
sulfuric acid solution of the third series, but were not 
detrimental to the reaction. 
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CHEMICALIGEOMETRY—APPLICATION TO SALTS 


Crysrattocrapuy is a topic which frequently excites 
the interest of the elementary student, but as is so 
often the case, the typical textbook treatment is not 
deep enough to develop or sustain this interest. The 
outward form of crystals no longer has the major 
significance it did in the days of Pasteur, nor can any 
really satisfying treatment be given crystal morphology 
in an elementary chemistry course; students are “‘let 
down” when they find one cannot tell the crystal system 
by looking at the crystal. 

On the other hand, the inward structure of crystals 
can be made a very rewarding part of the classical 
course, and particularly of a course devoted to the chem- 
ical bond (1). It is the purpose of this article and a 
succeeding one to illustrate how one may delve rather 
deeply into some aspects of crystal structure which 
are of especial interest chemically, without becoming 
involved in the symbology and semantic complexities 
of conventional crystallography. A further purpose is 
to show how elementary mathematics is a powerful 
tool of the chemist and to indicate areas of chemistry 
which offer a challenge to the better student’s creative 
potential. It is the authors’ conviction that the objec- 
tives cited in the preceding sentence are enormously 
more important in an elementary course than purely 
descriptive material. Why lithium fluoride is unlike 
the other alkali metal fluorides certainly is more inter- 
esting than the mere fact of its insolubility in water. 


THE CONCEPT OF HARD SPHERICAL IONS 


The behavior of ions in solution and in salts is such 
that their treatment as “hard” spheres ordinarily 
serves as a reasonably good approximation. This idea, 
which dates back to very early times, bas been well 
developed by Pauling (2) among others. Its application 
as a correlative principle in elementary chemistry 
requires that the radii of these spherical ions be approx- 
imately constant. For example, Ca++ should exhibit 
the same radius in calcium chloride as in calcium for- 
mate. While the actual radius of an ion is as uncertain 
as the radius of a fluffy ball of cotton batting, one may 
deduce an effective radius from the volume require- 
ment of ions in a crystalline solid. To do this, the radius 
of one particular ion is fixed more or less arbitrarily 
(e.g., O at 1.40 A.) so that a consistent set of interionic 


1 Contribution #253 from Department of Chemistry, Tufts 
University. 
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distances may be developed in terms of the sums of 
ionic radii. The ionic distances in crystals are definite 
and measurable by X-ray and other techniques; the 
ionic radii are “effective” and vary to some extent 
depending on the coordination number and other factors. 
Tables of ionic radii, differing only slightly among 
themselves, are given by Pauling (2), Zachariasen (3), 
and at greatest length in the Landolt-Bérnstein Tables 
(4). The earlier work of Goldschmidt and of Wyckoff 
cited in the latter two references is particularly useful. 


THE PACKING MODEL APPROACH TO 
CRYSTAL STRUCTURES 


If one is willing to accept the derivation of a set of 
ionic radii from interionic distances determined by 
measurements on crystalline salts, then it follows that 
the geometrical properties of salts must be consistent 
with, and therefore calculable from the set of radii. 
Accordingly, one should be able to calculate the volume 
occupied by a mole of calcium fluoride if one knows 
how the calcium and fluoride ions are packed together. 
Since ions of opposite charge attract one another, it 
follows that each ion in the crystal will be surrounded 
by as many ions of opposite charge as possible, arranged 
as closely as possible. At the same time ions cf like 
charge repel one another so the method of packing shown 
by the crystal will be a compromise between these 
forces of electrostatic attraction and repulsion. The 
apparent “hardness” of the spherical ions is a con- 
sequence of the repulsion of the electrons around one 
ion for electrons surrounding the neighboring ions 
irrespective of the sign of the ion charge. This clec- 
tronic repulsion effect prevents much interpenetration. 
The electrostatic attraction between ions follows the 
familiar inverse square law; the repulsion of neighbor- 
ing electron clouds is much weaker than interioni¢ 
attraction when these electron clouds are far apart 
and much stronger when they are close together. s0 
that in effect it follows an inverse nth power law withn 
of the order of ten. This repulsion law may be derived, 
although not rigorously, from electrostatic or quantum 
mechanistic principles. 

If the structure of a crystal represents a compro 'nisé 
between inverse square law attraction and expone tial 
shorter-range repulsion, then it should be possib!« to 
predict crystal structures just on the basis of the -izes 
and charges of the ions and independently of any «ther 
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Figure 1 


The cesium chloride structure. Each small sphere is to be visualized 
as the core of a large spherical ion which touches the eight neighboring ions. 
The radius of this large sphere is taken as the tabular ionic radius. 


Figure 2 


The sodium chloride structure, showing small ion-cores only for the sake 
of clarity. 


factors. It is at once evident that the ability to satisfy 
the electrostatic attractive and repulsive forces varies 
with the relative sizes of the ions. A large univalent 
ion can surround itself with eight smaller univalent 
ions to form the repeating unit of the familiar cesium 
chloride arrangement, Figure 1. Here the larger ion of 
cesium is as close as possible to the eight chloride ions, 
and is as far as possible from other cesium ions. The 
chloride ions are likewise far enough from each other 
(because of the size of the cesium ion) to minimize 
repulsion and are surrounded in turn by eight cesium 
ions. When the anions and cations are more nearly of 
the same size, as in sodium chloride (Fig. 2) then the 
anions now grouped about a smaller cation repel one 
another sufficiently to make the grouping of eight un- 
stable relative to a grouping of six ions about each ion 
of opposite charge. Similar considerations apply to 
the calcium fluoride structure (Fig. 3) and the rutile 
structure (Fig. 4) which are “preferred’”’ by salts of 
formula MX». If the cation radius is smaller than about 
0.7 X the anion radius, the rutile structure is preferred. 
If one studies these two structures carefully the reason 
for this preference may be seen in the ability of each 
structure to satisfy the electrostatic attractive and re- 
pulsive forces. (All of the M-X distances in the rutile 
structure are not equal, there being two slightly dif- 
ferent distances. Note that the two ions in the diagonal 
of the top and bottom of the rutile unit shown have the 
same charge and therefore repel one another.) 

While this principle of electrostatic balance can be 
extended quite broadly and improved by inclusion of 
various small correction factors, it is not the purpose of 
the paper to pursue it further. Rather, it seems pref- 
erable to show briefly how one may calculate the density 
of an ionic crystal from a knowledge only of the ionic 
charges and radii. This calculation gives a rather good 
approximation except in the case of MX compounds 
where the radius ratio (cation radius divided by anion 
radius) is smaller than about */, or larger than 4/3, in 
which case Pauling’s method of correcting for the 
“radius ratio effect” should be consulted. Take for 
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an example the substance UO,: the average tabular 
radius of U+ is 0.97 A. and that of O- is 140A. The 
radius ratio is close to 0.7 and one will therefore predict 
the calcium fluoride structure. (Even if this prediction 
is not correct, it will not usually lead to serious error, 
because most of the ionic MX, structures have similar 
volume requirements; however see below.) Figure 4 
indicates that a cube of side 4r)/1/3, where rp is U+*-O- 
distance, contains 4 U+* and 8 O= ions. To count 
the ions in the cube it is necessary to account for the 
fact that ions in a face of the cube are shared between 
two cubes, ions at the corners among eight cubes, and 
ions in cube edges among four cubes. 1 for UO» is 
2.37 A. and the volume of the cube is (47/3)? or 164 
cubic Angstrom units. Converting cubic Angstroms 
to cubic centimeters this volume becomes 164 & 10~*4 
em*®. In this volume there are four U*+‘ ions and 
eight O= ions each of which weighs in grams its atomic 
weight divided by Avogadro’s number. The weight of 
material in the cube is therefore: 


(4 X 238) + (8 X 16) 
6.02 X 10% 


= 1795 X g. 


We now have the weight and the volume so the density 
is obtained by division: 
1795 


164 = 10.9 g./cee. 


The handbook density for this particular substance is 
10.9 g./cc. in better-than-usual agreement with that 
calculated. If the structure of UO. were of the rutile 
type the calculated density would be very nearly the 
same, namely 10.3 g./cce. 


Figure 3 


The calcium fluoride structure, showing small ion-cores only. The fluo- 
ride ions outside of the cube belong to the neighboring structural unit and 
are included to show that each calcium ion is surrounded by a cube of fluo- 
ride ions. (After A. F. Wells.) 


Figure 4 


The tetragonal (TiO:) rutile or (SnO:) cassiterite structure, showing small 
ion-cores only. The octahedron of oxide ions (open circles) surrounding 
the central titanium ion is not a regular octahedron owing to some overlap 
of the oxygen ions in the diagonals of the upper and lower faces. (After A. 
F. Wells.) 
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THE GEOMETRY OF PACKING MODELS 


Two of the commonest arrangements of ions are 
shown in Figures5and6. The tetrahedral arrangement 
is encountered in both cubic and hexagonal close- 
packed metal structures, in the diamond, fluorite, 
wurtzite, and many other salt structures. One may 
readily calculate the distance from the center of a tetra- 
hedron to one of its vertices. On inspection of the 
fluorite structure (Fig. 3) it is evident that each fluoride 
ion (open circle) is surrounded by a tetrahedron of 
calcium ions. Thus the distance just calculated must 
be the Ca++—F~- distance in this structure. The face 


altitude of 


altitude of 


all edges: 


Figure 5 


Close-packing unit. The geometry of this unit permits calculation of the 
density of close-packed metals, where re is the sum of the atomic (metallic) 
radii. In salts there is a central ion and, if it is large enough, the distance 
from the center of this ion to the vertices is the sum of the ionic radii. 


altitude of 
face = 34 


axis of 


octahedron = 


all edges= & 


Figure 6 


Octahedral packing unit. In an ionic crystal there is a central ion not 
shown. The distance between the center of this ion and the vertices is the 
sum of the ionic radii if the central ion is sufficiently large. 


diagonals of fluorite are twice the edge of the tetrahedron 
of calcium ions, thus the cube edges are found in terms 


of the Cat++—F~- distance which may be taken as the 


sum of the ionic radii. 

Similarly, the distance from the center of an octa- 
hedron (Fig. 6) to one of its vertices may be calculated 
and used to find the cube edge in NaCl from the Nat— 
Cl- distance. (Note that each ion in NaCl is sur- 
rounded by an octahedron of ions having opposite 
charge.) 

In the method of calculating densities, one used, in 
the case of the fluorite arrangement, the expression 
4r,/»/3 equal to the edge of the cube where 7 is the 
sum of the ionic radii. This follows from the above 
considerations which amount to a straightforward 
plane geometry problem easily treated in a first-year 
geometry course. The general treatment of crystals 
as packing models, i.e., as assemblies of spherical ions in 
contact, avoids many of the difficulties of classical 
crystallography. Simply stated, the packing-model 


approach is merely the calculation by plane geometry of 
the necessary dimensions of a pile of tennis balls stacke: 
in a particular way or of an arrangement of tennis 
balls mixed with golf balls, the size of the radii being 
known within two or three per cent. 

The positions of the “ions” in a packing model are 
primarily determined by the twin rules of electrostatic 
attraction and repulsion mentioned earlier such that 
ions of opposite charge are in contact. A simpler and 
apparently rather general rule is that the actual method 
of packing is the most efficient method, i.e., the crystiil 
almost always is arranged so that it occupies the smallest 
volume possible. The ratio of the actual volume of a 
suitable number of ions (‘/;7r*) to the volume occupied 
by the geometrical array of the same number of ions 
in a crystal lattice tends to be as high as possible. This 
ratio is called the packing efficiency. 

Another way of putting this is that if one were asked 
to pile two sizes of balls in a very large box with the two 
different kinds of balls in the correct stoichiometric 
proportion and in maximum contact, the arrangement 
one would find most compact is the one actually chosen 
by the crystalline salt. The validity of this rule de- 
pends, of course, on the absence of residual covalent 
bonding or Pauling’s radius ratio effect. Covalent 
bonds (except for s-bonds) are directional, and the 
satisfying of their directional requirements may distort 
or change the structure. Thus ice with its hydrogen 
bonding is not as compact as it might be. 


THE VALIDITY OF THE ADDITIVITY RULE 


In the above calculation of the density of a rutile- 
type UOkz, it was necessary to assume that the pair of 
oxygen ions along the diagonals of the top and bottom 
faces were pushed together by the net attractive forces 
which hold the whole structural unit together. The 
assembly is able to compromise the energetically favor- 
able packing efficiency of the rutile structure with the 
energetically unfavorable oxygen-oxygen repulsion such 
that the oxygen ions do interpenetrate slightly. In 
most of the oxygen-containing rutile structures this 
interpenetration amounts to about 11% of the normal 
oxygen-oxygen distance. This sort of departure from 
additivity of ionic radii is not common, but must be 
kept in mind where unsymmetrical disposition of ions 
is encountered. Incidentally there are two slightly 
different cation-anion distances in the rutile structure, 
and the calculation of the volume of the structural 
unit of six ions is an interesting bit of plane geometry. 

The departure of the additivity rule for sodium- 
chloride type structures was implied earlier. ‘This 
effect is partly due to the smaller ion fitting into the 
holes between the larger ions when the latter are suf- 
ficiently large. If this happens, then of course the 
anion-cation distance is larger than the sum of the 
ionic radii. Such an effect is found when the radius 
ratio equals /2 — 1, or 0.41as may be shown by simple 
geometry. In real crystals, however, the repulsion of 
the larger ions for each other causes the effect to occur 
when the radius ratio is about 0.7 or less. Serious 
departures from additivity occur only at ratios sm:ller 
than about 0.5. Fortunately the radius ratio or- 
rection is insignificant for MX, structures. 

Small variations in apparent ionic radius occur wien 
the number of surrounding ions of opposite charge 1s 
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changed. If the radius is taken for an ion surrounded 
by six others, as is commonly the case, then it is in- 
creased about 5% if the coordination number is in- 
creased to eight and decreased about 5% if the coordina- 
tion number is four. 

In covalent solids, one uses for purposes of calculation 
the sum of atomic radii rather than of ionic radii. 
When atoms become cations by loss of electrons, they 
naturally shrink in size, whereas the gain of electrons 
by an atom to form an anion is accompanied by an 
increase in size. Because of these opposing effects, 
the internuclear distances in many solids ordinarily 
considered covalent (such as intermetallic compounds 
e.g., AgMg or “interstitial” compounds such as MnS) 
are actually very close to the distances to be expected 
if these compounds were completely ionic. This greatly 
broadens the applicability of the ionic packing model. 


SOURCES AND INTERPRETATION OF 
CRYSTALLOGRAPHIC DATA 


The most frequently encountered structures of salts 
of the MX and MX; variety have been described. 
Other simple structures are wurtzite and zinc blende 
for MX salts, BiF; which is a common arrangement for 
MX; salts, and the CaTiO; (Perovskite) structure. 
The easiest way to obtain additional data for purposes 
of model building or geometrical calculation is to con- 
sult drawings of structures or plan diagrams. The 
latter show the positions of ions usually superposed on 


one face of the structural unit, with the distance of 
each above the plane of the drawing indicated by frac- 
tional numbers (e.g., 0, '/4, '/2 ete. The fractions 
refer to the total height as unity.) 

The Landolt-Bérnstein Tables (4) cited eartier have 
a large collection of drawings of crystal structures with 
a formula index. Wyckoff’s compendium (4) is sim- 
ilarly useful. Crystallographic information on many 
substances is contained in the tables of X-ray crystal- 
lographic data in the “Handbook of Chemistry and 
Physics.”” Several recent elementary chemistry texts 
have excellent drawings of crystal structures. In all 
cases it is desirable to construct models as an aid to 
geometrical calculation. Inexpensive models are de- 
scribed by Stubbs (6) and others (7). 
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To the Editor: 


If a gram-molecular weight is a “mole,” why is not 
a gram-formula weight a “fole’’? 


W. HETHERINGTON 
Rocers Hic 
Newport, Raope IsLanp 


To the Editor: 

The doctoral theses of Messrs. Arrhenius and Grig- 
nard, and Madame Curie, represent important; bench- 
marks in the history of chemistry. See, respectively: 
ey oF CHEMICAL EpucaTion, 5, 1486; 27, 476: 

79. 

Letters are solicited from readers citing other doc- 
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toral theses judged to have been equally significant 
contributions to chemistry. 


Ben T. SHAWVER 
Monmouti COLLEGE 
Monmovts, ILLINOIS 


To the Editor: 

With great interest I read the recent article in the 
JOURNAL OF CHEMICAL EpucaTiIon about the current 
research effort in the United States, Russia, and other 
countries. 

I am willing to accept the figures on research for “all 
other countries” in seventh place, but I am surprised 
at the mention of Italy, Austria, Czechoslovakia, 
and Belgium without even referring to Switzerland. 
Without being too national, I should say from the 
average literature that this country produces at least 
as much organic chemical research as does Austria, 
Czechoslovakia, or Belgium. 

Reading further, I find an error in assuming that 
Helvetica Chimica Acta is an international journal. 
The rule that only a Swiss chemist (including Swiss 
postgraduates working abroad, or foreign students 
working with Swiss professors) can publish there has 
never been broken yet. 


ALBERT AEBI 
Wernmarst 11, Lucerne, SwitzERLAND 
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CHEMISTRY OF CARBON COMPOUNDS. 


VOLUME 4. PART A: HETEROCYCLIC 
COMPOUNDS 


Edited by E. H. Rodd. Elsevier Publish- 
ing Co., New York, 1957. xxvi + 807 
pp. 67tables. 16 X 23cm. $28. 


Wits Part A of Volume 4, the E. H. 
Rodd series “Chemistry of Carbon Com- 
pounds” enters its penultimate stage. 
Previous Volumes 1 through 3 have 
covered the subjects of aliphatic, alicyclic, 
and aromatic compounds. Volume 4 
proposes to cover that of heterocyclic 
compounds. In view of the fact that “‘the 
literature of the heterocyclic branch of 
organic chemistry bids fair to exceed that 
of all other branches,” and in order to 
“accommodate the material in books of 
not too formidable a size and also to ac- 
celerate publication,’ the editor has 
chosen to issue Volume 4, ‘Heterocyclic 
Compounds,” in three parts instead of the 
previously planned two. The present 
volume represents the first part of these 
three. Following the completion of 
Volume 4, there remains only Volume 5, 
“Miscellaneous and General Index,” 
for the completion of Rodd’s ‘Modern 
Comprehensive Treatise,’ which justi- 
fiably looks upon itself as the successor to 
Richter’s “Organic Chemistry.”” The 
first two parts of Volume 4 concern them- 
selves with a systematic description of the 
important heterocyclic ring systems and 


their derivatives, including many simpler 
natural products. The third part will 
consider the more complex groups of 
natural products. 

The present volume starts with the 
three-membered ring of ethylene oxide, 
continues through the four- and _five- 
membered rings and concludes with the 
six-membered rings of pyridine, its homo- 
logs and fused-ring analogs. It concerns 
itself exclusively with chemically stable 
heterocycles. The hetero-atoms consid- 
ered in the present volume include one or 
more O, N, 8, Se, Te, As, or P atoms. 
Nomenclature and numbering, delineated 
briefly in Rodd’s Introduction, follow the 
practices of “The Ring Index,” except in 
those cases where previous nomenclature 
usage has firmly established variant 
names by common consent. 

The general format, organization, and 
emphasis of the present volume continue 
the practices of the earlier volumes. 
Numerous equations illustrate the 
syntheses and reactions discussed, and 
numerous tables summarize the prop- 
erties of the more important heterocycles 
in each class. Data range from historically 
significant and chemically important 
early facts to “matter published as re- 
cently as 1957.’’ Contributors to Editor 
Rodd’s present volume include the Brit- 
ish chemists, S. Coffey, N. Campbell, 
R. E. Fairbairn, E. Hogarth, J. D. Loudon, 
and T. S. Stevens. The subject index to 
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the present volume, containing a “limite: 
amount of cross-referencing’ among 
alternative names, includes 93 pages 
consisting of roughly 8000 entries. The 
periodicals surveyed for the text’s materiz| 
number over 200. A Corrigenda list to 
previous Volumes 3A, 3B, 1A and 1B is 
included with the present volume. That 
this list contains only 19 entries is tes- 
timony to the painstaking editorial care of 
Dr. Rodd and his collaborators. 

The careful organization and selection 
of material make Rodd’s text an essential 
reference source for the research chemist. 
Individuals and libraries will certainly 
find it necessary to continue their collec- 
tion of this indispensable series with the 
present volume. 


WILLIAM A. BONNER 
Sranrorp UNIVERSITY 
Sranrorp, CALIFORNIA 


CHEMICAL PUBLICATIONS: THEIR 
NATURE AND USE 


M. G. Mellon, Professor of Analytical 
Chemistry, Purdue University. Third edi- 
tion. McGraw-Hill Book Co., Inc., New 
York, 1958. x + 327 pp. 16 X 23.5 
cm. $7. 


Tue third edition of Professor Mellon’s 
book designed for classroom use for a 
course in chemical literature maintains 
the same high standard as its predecessors. 
This book contains a complete compre- 
hensive and comprehensible coverage of 
everything connected with chemical lit- 
erature of interest to teacher, scholar, and 
professional chemist. When students are 
introduced to the chemical literature and 
its use, there are three main goals to 
reach. The first is the acquisition of the 
knowledge as to what essential publications 
exist. The second is the development of 
the skill to locate the desired information 
in these indispensable publications and the 
third is the realization that strict care 
must be taken to write exact systematic 
references in any bibliography. This 
text will enable the reader to attain t)ese 
aims. 

This volume has many advantazes. 
It contains one of the most recent com- 
pilations of the important chemical pub- 
lications which is most welcome since the 
rapidity with which chemistry changes 
renders a list of books on chemi:try 
obsolete in a few years. There are m:ny 
changes in the last two decades wi! ich 
have been noted. Periodicals have }-en 
added, discontinued and changed in 
content. Books have needed dristic 
revision. This is the only reference ! ok 
for the use of chemical literature ich 
includes thoughtfully chosen library p°0b- 
lems which have also been tested in the 
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classroom and which are extremely helpful 
for an instructor who plans to teach a 
course in chemical literature for the first 
time. The chapter on government pub- 
lications has been reorganized. The chap- 
ter on patents contributed by Julian F. 
Smith discusses a significant portion of the 
field. The eleventh chapter which in- 
cludes suggestions for a thorough search 
in the chemical literature is invaluable. 
Recognition of newer modes for making 
records such as_ photoreproductions, 
punched cards, and film are all described. 
The general arrangement of the material 
which divides it into primary, secondary, 
and tertiary sources is the same as in the 
earlier editions for the most part. Here 
is a book through which an individual 
may discover the world of knowledge in 
chemistry and find that it is an interesting 
place in which to live. 


VIRGINIA BARTOW 
UNIVERSITY OF ILLINOIS 
Ursana, ILLINOIS 


EXCITED STATES IN CHEMISTRY AND 
BIOLOGY 


C. Reid. Academic Press Inc., New York, 
1957. ix + 215 pp. 59 figs. 14.5 x 
22cm. $7.50. 


A NEw and introductory book on mo- 
lecular electronic spectroscopy and photo- 
chemistry is always welcome, since 
available texts are so scarce. Bowen’s 
well-known book, “The Chemical Aspects 
of Light,’’ Oxford, 1946, although qualita- 
tive and unreferenced, has been beginning 
reading for many a student. Besides 
the formal quantum mechanical texts, 
and the treatises of Pringsheim and 
Forster, no books in these fields have 
appeared for many years. Unfortunately, 
Terenin’s Photochemistry of Dyes,” 
Akad. Nauk USSR, 1947, and Levshin’s 
“Photoluminescence of Solids and Liq- 
uids,’’ Gos. Izdat., Moscow, 1951, are 
virtually unavailable and unknown to the 
English speaking world. 

This new book by Reid, consequently, 
being a rather small work, may be con- 
sidered in the above perspective. There 
is much interesting reading in the book, 
and the last three chapters on Luminescent 
Reactions, Vision, and the Effects of High 
Energy Radiation will give a good orienta- 
tion to the uninitiated. 

The first half of the book is mainly on 
molecular spectroscopic theory. It was 
obviously the author’s intention to make 
quantum mechanical ideas accessible 
to workers, in chemistry and biology, 
generally unfamiliar with the field. This 
reviewer does not believe that the author 
has succeeded. His treatment is either 
so standard or so abbreviated as to be 
un: pproachable by the intended audience, 
or not very useful to one already versed 
in the subject. In contrast, the presenta- 
tion of Group Theory given as an appendix 
is highly readable and may help some 
readers get acquainted with this very 
useful subject, since the formal presenta- 
tions are generally forbidding for the 
average chemist. 

Particularly unfortunate in a book of 
this kind is the occurrence of numerous 
Misunderstandings, which will certainly 
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confuse the incautious reader. Two of 
the most noticeable are: first, on page 
65, the author’s attribution of inexactness 
to the Franck-Condon Principle, which 
in reality arises from his use of the limited 
classical form; and second, on page 69, the 
confusion of antisymmetry of an electronic 
wavefunction under nuclear interchange 
with the Pauli requirement of antisym- 
metrical total electronic wavefunctions, 
leading the author to the startling con- 
clusion that excitation of the z-electrons 
of ethylene necessarily involves a triplet 
state. Numerous small inaccuracies, such 
as the obvious mathematical errors on 
pages 11, 43, 44, and 49, and errors in 
reference, all point to a hasty manuscript 
preparation. Chapter 6 on energy trans- 
fer seems rather confusing, which is 
unfortunate for this important topic. 

A careful re-editing of the book would 
be worth while. Meanwhile we can accept 
the author’s effort as a journalistic account 
of a very lively and rapidly developing 
subject, and certainly an account which 
will stimulate much new interest, even if 
his thesis that excited states may partici- 
pate in chemical reactions remains un- 
proved. 


MICHAEL KASHA 
FLoripa State UNIVERSITY 
TALLAHASSEE, FLORIDA 


(This review was prepared during the period 
of a research contract between the Physics 

ranch, Office of Naval Research, and the 
Florida State University.) 


MAN-MADE FIBRES 


‘R. W. Moncrieff. Third edition. John 


Wiley & Sons, Inc., New York, 1957. 
x + 661 pp. 215 figs. 14.5 XK 22 cm. 
$9.75. 


Tue first two editions were issued under 
the title “Artificial Fibres.” Since man- 
made fibers, in many instances, possess 
properties widely different from the 
natural fibers and the horizons of the 
textile industry have been extended by the 
utilization of man-made fibers, the new 
title “Man-made Fibres”’ is preferred. 

The new edition contains more than 200 
additional pages to catalogue new develop- 
ments in man-made fibers and allied 
processing even though some less im- 
portant subjects have been curtailed or 
omitted. Any treatise on man-made 
fibers cannot accurately reflect the current 
status because of the great amount of 
research and development being done in 
the development of synthetic polymers for 
fibers and the reluctance of the fiber 
producers to release information until the 
final process and therefore the properties 
of the optimum fiber have been attained. 

The book is valuable from the stand- 
point that it catalogues the progress of the 
industry. Five sections have been used to 
discuss, (1) the structure and properties 
of fibers, (2) regenerated and modified 
cellulosic and alginic fibers, (3) regenerated 
protein fibers, (4) synthetic fibers, and 
(5) processing. The treatment of the 
various fibers and processes is of such a 
nature that students may use the text for 
reference or supplemental reading. In 
many instances, teachers of textile chem- 


istry will be required to refer to the books 
in the bibliography occurring at the end 
of book in order to delve deeper into 
theory. 

It would appear that the author has 
given undue attention to trade marks 
(names of fibers) in the index and also by 
chapters, rather than discussing all of the 
polyamide fibers, acrylic fibers, etc., in 
respective chapters. 

The list of commercial man-made 
fibers is a helpful reference for the in- 
dustry and for students. The chapter 
on processing has been greatly amplified 
to show that the physical and morpho- 
logical properties of man-made fibers may 
be altered in many ways to extend their 
versatility. The new edition should sup- 
plant the old edition, especially in the 
libraries of textile schools and colleges, and 
in those institutions offering courses in 
home economics and clothing. 


J. B. QUIG 
Lowe. InstITUTE 
LoweE.Li, MAssaCHUSETTS 


SCIENTIFIC GLASSBLOWING 


E. L. Wheeler, Department of Chemistry, 
University of California, Los Angeles. 
Interscience Publishers, Inc., New York, 
1958. xxii + 478 pp. 232 figs. 48 
tables. 16 X 23.5cm. $9.75. 


Tue author states that his reason for 
the book is based on the hope that it will 
broaden the usefulness of other glass- 
blowers whose ambition leads them to be 
the research chemist’s co-worker. Glass- 
blowing techniques are described in the 
first 190 pages which include good, short 
descriptions of the fundamental operations 
in glass working. In addition these 
pages also discuss briefly the history of 
glass and properties of the major types 
of glass available in this country in tubing 
form. Most directions are given in terms 
of ‘Pyrex brand chemical resistant glass 
No. 7740.’’ Construction details for a 
variety of practice pieces are described 
which should make it possible for a labora- 
tory worker to build a number of useful 
items of laboratory equipment. Included 
in this are such items as condensers, 
Dewar flasks, glass turbines, expansion 
bellows, optical windows, and many others. 
A chapter is devoted to the grinding of 
glass and a chapter to glass-metal seals. 

The remainder of the book and some- 
what more than half of the text is given 
over to a variety of laboratory techniques 
which strictly speaking cannot be called 
glassblowing. No doubt these will be of 
real assistance to the laboratory worker 
who does not enjoy the ministrations of 
trained assistants or an unlimited budget. 
In this section the largest space is given 
to a description of fractional distillation. 
A variety of equipment designs are briefly 
described and illustrated with operating 
and testing procedures given. For the 
most part no construction methods are 
included. A lengthy chapter is devoted 
to high vacuum techniques. The author 
has been particularly helpful in collecting 
together methods for coating glass sur- 
faces with various substances including 
metals. These techniques can be quite 


useful in the laboratory yet are not well 
known to many chemists. 

In a book on glassblowing a section on 
metal working seems out of place. The 
author argues that he intends the book to 
be a handbook for the glassblower in the 
small laboratory who has to handle a 
great many different skills. This book, 
however, will hardly serve as the only 
reference tool such a person uses and this 
reviewer questions the relevance of the 
metal working section. 

The book is well put together and on 
the whole carefully edited. The formula 
on page 23 is dimensionally incorrect. 
Some warning of electrocution hazard 
ought to be included with the hot wire 
glasscutter on page 58 which combines a 
water faucet and 110 a.c. It is true that 
the circuit diagram contains an isolation 
transformer but this should be made 
more specific and grounded for safety’s 
sake. Even better would be the use of a 
wash bottle or other ungrounded source of 
water. 


LAURENCE E. STRONG 
EaRLHAM COLLEGE 
Ricumonp, INDIANA 


UNIT PROCESSES IN ORGANIC 
SYNTHESIS 


Edited by P. H. Groggins, Chemical Engi- 
neer and Consultant. [Fifth edition. 
McGraw-Hill Book Co., Inc., New York, 
1958: x + 1070 pp. Many figs. and 
tables. 16 X 23.5cm. $17.50. 


Autmost 25 years have elapsed between 
the first and fifth editions of ‘Unit Proces- 
ses in Organic Synthesis.’”’ During this 
time the organic chemical industries 
have expanded enormously; many new 
industries have grown up based on new or 
hitherto unusual reactions. Likewise, 
“Unit Processes’ has grown to keep pace 
with the expanding industries. It has 
been translated into five foreign languages 
and used world-wide. This popularity is 
due to the fact that theory and industrial 
practice are combined in each chapter so 
that the reader first understands the 
basic theory of the unit process, then learns 
how it is carried out industrially, what 
equipment is used, and other valuable 
information concerning both the process 
and the products. Such information 
based on experience is invaluable to 
workers in countries just building their 
organic process industries. 

The fifth edition keeps up with the 
trend in the organic industries to apply 
more theory to the process and to make 
use of thermodynamics and _ kinetics 
wherever possible to predict equilibrium 
yields and the rate at which the product 
is formed. The first three chapters are 
new ones on (1) applications of thermody- 
namics in unit processes, (2) chemical 
kinetics, (3) chemical process kinetics. 
Within each chapter on a unit process 
material is given on the thermodynamics 
and the kinetics of the particular reaction. 
Thus, a much more fundamental view- 
point has been adopted in this edition. 
As before, each chapter is written by one 
or more experts in the field of the particu- 


lar unit process. The authors are from 
industry, research organizations, and 
universities, so that several viewpoints 
will give a well-rounded chapter. 

Some changes have been made as 
changes in the organic process industries 
show new emphasis is needed. Two 
chapters from the fourth edition have 
been dropped: diazotization and coupling, 
and the Friedel-Crafts reaction. This 
does not imply that these reactions are 
no longer important, but that advances in 
them have been slight and the material 
given in the fourth edition continues to 
be authoritative. The previous chapter 
or sulfonation has been enlarged to sulfona- 
tion and sulfation to cover reactions of 
importance for synthetic detergents. The 
former chapter on hydroformylation and 
the Oxo reaction has been broadened to 
hydrocarbon synthesis and hydroformyla- 
tion with considerable material on the 
Fischer-Tropsch synthesis. The diverse 
materials and reactions for plastics and 
elastomers have caused the chapter on 
polymerization to be split into two sections, 
(1) principles of polymer chemistry, and 
(2) polymerization practice. 

The fifth edition of “Unit Processes 
in Organic Synthesis’ continues abreast 
of the surging organic process industries. 
It will continue to retain its position as an 
internationally used text and reference 
book. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


FUNDAMENTALS OF CHEMISTRY 


L. Jean Bogert, Formerly Instructor in 
Medicine, University of Chicago. Eighth 
edition. W. B. Saunders Co., Philadel- 
phia, 1958. xviii + 615 pp. 168 figs. 
15 X 2lcm. $5.50. 


Proressor Bogert’s newest edition of 
his popular general chemistry textbook 
will be welcomed by its many users. 
While this new edition includes some of 
the more recent chemical developments, 
it is rather seriously lacking in the most 
recent fundamental concepts. No college 
or professional school chemistry student 
should be unaware of quantum numbers, 
orbitals, etc., in the study of atomic struc- 
ture. These are not included. The types 
of bonding and structure in the more 
complex molecules are not presented. 
Theories on solubility and ionization are 
inadequately discussed. In view of the 
universal occurrence of coordination com- 
pounds in such places as blood, vitamins, 
chlorophyll, etc., it is surprising to find 
no mention of them. 

The book is very interestingly written. 
It should be a pleasure for students using 
it to read each chapter, but it is not geared 
to college-level thinking. Even though 
the courses in which it may be used are 
terminal there is still too shallow a pres- 
entation of basic chemical principles. 
It compares more favorably with current 
high school chemistry textbooks. 


SISTER MARY MARTINETTE, B.V.M. 
MuNDELEIN COLLEGE 
Cuicaao, ILLINOIS 


ELECTRONIC THEORIES OF ORGANIC 
CHEMISTRY 


John William Baker, University of Leeds. 
Oxford University Press, New York, 1958. 
vii + 224 pp. 14.5 X 22cm. $4.80. 


THE purpose of this book, as stated in 
the preface, is to introduce a student who 
has completed a first course in organic 
chemistry to the field of reaction mecha- 
nisms. To accomplish this end, “broad 
fundamental principles are applied to 
familiar organic molecules.” A _ list of 
the chapter titles indicates the materia] 
selected: The Nature of Chemical Binding 
Forces and of Chemical Reaction, Classica! 
Structural Formulae: The Inductive 
Effect, Physical Interpretation of Cova- 
lency, The Conjugative Effect, Nucle- 
ophilic Substitution Reactions at Satu- 
rated Carbon, Olefin-Forming Elimination 
Reactions, Additions to Unsaturated 
Compounds, Tautomerism, Esterification 
and Hydrolysis, Aromatic Substitution 
in Benzene and Its Simple Derivatives, 
and Saturated Rearrangements. 

The author has done an excellent job 
of presenting the material which he has 
selected. The major points are not buried 
in a mass of detail. A student will 
achieve a framework of principles which 
he can fill out by reading more advanced 
texts and reference works. 

This text is not a reference work; in 
many parts the arguments are summarized 
but details are omitted. There are no 
references to specific points raised, but 
general references at the end of each 
chapter. These are almost exclusively 
British, the most recent being 1953. 

The place of this book is not as a text 
for a full-fledged mechanisms course. 
It may well be a valuable supplement for 
an undergraduate student who has become 
interested in theories and mechanisms. 


JOHN D. REINHEIMER 
or Wooster 
Wooster, Oxn10 


CHAIN REACTIONS, AN INTRODUCTION 


F. S. Dainton, Professor of Physical 
Chemistry, University of Leeds. Methuen 
& Co., London, and John Wiley & Sons, 
Inc., New York, 1957. 183 pp. 13 xX 
19cm. $2.90. 


Tuts book is in keeping with the highest 
traditions of the Methuen Monographs 
on Chemical Subjects. It is concise, 
clear, and destined to be a classic in a 
field of recognized importance in con- 
temporary chemistry. Its success in 
treating a somewhat formidable phase of 
reaction kinetics is due to a happy blending 
of an author who is a recognized authority 
in the subject matter of chain processes 
and a writer of great clarity, with a sub- 
ject in need of up-to-date treatment in the 
English language. 

The careful attention devoted to ‘he 
general principles of homogenous reactions 
in the first chapter provides a firm basis ‘or 
the subsequent chapters dealing with 
experimental methods for elucidating 
chain mechanisms, the chemical nature of 
the elementary processes involved in 10 
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over-all chain mechanism, the mathemat- 
ical treatment of chain reactions and 
finally chapters containing detailed ac- 
sounts of selected examples of spontane- 
ously explosive reactions and addition 
polymerization mechanisms. 

In the reviewer’s opinion Professor 
ainton has clearly realized his objectives 
of providing an introduction to the sub- 
ject for students at the undergraduate or 
postgraduate level, and at the same time 
providing a stimulus to researchers in 
reaction kinetics and allied areas to delve 
further into the original literature on chain 
reactions. 

In short, chemists in all fields of kinetics, 
photochemistry, pyrolytic reactions, 
polymerization processes, explosions, etc., 
will find that ‘Chain Reactions’ is one of 
those books that is a “must’’ in one’s 
personal technical library. 


J. N. PITTS, JR. 
UNIVERSITY OF CALIFORNIA 
RiversipE, CALIFORNIA 


VAN NOSTRAND’S SCIENTIFIC 
ENCYCLOPEDIA 


Third edition. D. Van Nostrand Co., Inc., 
Princeton, New Jersey, 1958. vi + 1839 
pp. 23 X 28.5cm. $30. 


Tue third edition (previous editions 
1938, 1947) of this comprehensive ref- 
erence work retains the true character of 
an encyclopedia. Fifteen thousand terms 
are explained in 1839 pages. It covers all 
science and mathematics, both funda- 
mental and applied, from aeronautics to 
zoology. Milling, “the process of re- 
moving material by multitoothed rotating 
cutters’ takes two pages. Enzymes, 
“soluble, colloidals, organic catalysts 
produced by living organisms. . .” is worth 
a two and a half page essay. ‘‘Nuclear 
reactors” is brought up-to-date very well 
by six pages largely devoted to clear, 
instructive diagrams. The use of bold 
face for key words, uncrowded use of 
structural formulas and mathematical 
equations, and very adequate cross ref- 
erences should make this volume eagerly 
sought for its usefulness. 


W. F. K. 


DIFFERENTIAL THERMAL ANALYSIS 


W. J. Smothers, Director of Ceramic 
Research, The Ohio Brass Co., and Yao 
Chiang, Research Associate in Colloids, 
Department of Chemistry, Ohio State 
University. Chemical Publishing Co., Inc. 
New York, 1958. 444 pp. 33 figs. 19 
tables. 14.5 X 22cm. $16. 


AvutHors Smothers and Chiang here 
present one of the most complete works on 
differential thermal analysis (DTA) thus 
far published. This book in a sense was 
begun in 1951 with the publication of a 
“Bibliography of Differential Thermal 
Analysis.” Now, greatly enlarged and 
supplemented, this volume consists of 
eight chapters containing origins of DTA, 
equipment, factors in qualitative DTA, 
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selected applications of qualitative DTA, 
theoretical background for quantitative 
DTA and its applications, and the use and 
correlation of DTA results. The last 
chapter relates recent developments and 
applications up to the early part of 1957. 

To many, the great value of this book 
may lie in its four appendixes. The 
first lists over 1500 publications pertaining 
to DTA and dating from 1877 to early 
1957. Appendix 2 lists over 250 DTA 
laboratories in the United States and 
abroad, giving many particulars on the 
equipment used in each. Appendix 3 
is an index of operators of DTA equip- 
ment throughout the world. The last 
appendix is an alphabetical reference list 
of materials studied by DTA with refer- 
ences to their source in literature. The 
appendixes fill 290 of the 444 pages of the 
book. The subject index of six pages 
completes the book. 

This is a reference volume. It should 
be found in the libraries of all who have 
any need of differential thermal analysis. 
It would be of little value to college chem- 
istry departments, except perhaps in 
senior courses where special techniques of 
analysis are being studied. 

D. F. ARSENEAU 
XaviER JunioR COLLEGE 
Sypner, Nova Scotia, CANADA 


‘CHEMISTRY OF THE STEROIDS 


Charles W. Shoppee, Professor of 
Organic Chemistry, University of Sydney. 
Academic Press Inc., New York, 1958. 
vii + 314 pp. 27 tables. 14 X 22 cm. 
$9. 


Tuis short but fairly comprehensive 
monograph attempts “to present as con- 
cisely as possible the present state of 
knowledge”’ of the chemistry of the ster- 
oids. Taking asa starting point the classi- 
cal work of Professor and Mary Fieser 
(“Natural Products Related to Phenan- 
threne,” 3rd edition) and also by abridging 
and adapting from his and his wife’s 
more extensive chapters in Rodd’s ‘““Chem- 
istry of Carbon Compounds, Volume II®,” 
pages 764-1049 (Elsevier, 1953), the au- 
thor gives here only a brief outline of 
earlier structural investigations on the 
sterols and bile acids, “but,’’ to quote 
again from the Preface, “later structural 
investigations dealing with the sex hor- 
mones, the adrenocortical hormones, the 
cardiac glycosides and aglycones, and 
sapogenins, are presented in full.” In 
addition, various aspects of steroid no- 
menclature and stereochemical convention, 
as well as typical lines of evidence leading 
to the more important structural and 
configurational assignments, are covered 
in the opening chapter. At appropriate 
points, in other parts of the book, “partial 
syntheses and total syntheses are also 
described as fully as is consistent with 
brevity.” 

Within the scope of these aims, Pro- 
fessor Shoppee has assembled his material 
admirably. Structural formulas are ex- 
pertly drawn, and all relevant features of 
stereochemistry are fully indicated. 
Designated with Arabic rather than 


Roman numerals, the formulas are readily 
located and easily followed from the text. 
Although it is assumed that the reader has 
a good working knowledge of a rather 
wide variety of fundamental as well as 
more recent and specialized organic 
reactions, reagents, and terminology, 
this generous use of structural formulas 
makes it possible for the non-steroid 
chemist to use the book with relatively 
little difficulty. 

However, the approach throughout, 
often taken verbatim from the treatment 
in Rodd, is almost entirely descriptive, 
with appropriate emphasis on theoretical 
implications and relationships an integral 
feature of only certain sections of the text. 
The result, in some chapters at least, 
almost approaches the style of Elsevier’s 
“Encyclopaedia of Organic Chemistry’’ 
or even Chemical Abstracts. 

In printing and format, the book is 
well up to the publisher’s excellent stand- 
ards. Probably the only seriously objec- 
tionable feature on this score is the showing 
of the C2:-ene side-chain of ergosterol and 
related compounds as cis rather than 
trans (pp. 27, 51 ff.). 

The index, consisting almost exclusively 
of names of compounds, suffers somewhat 
from the general omission of important 
name reactions and applications of specific 
and typical reaction sequences. 

Literature coverage is complete through 
1955, with a few additional references 
to important papers which appeared in 
1956. The book, therefore, is a partic- 
ularly valuable guide to the considerable 
body of more recent steroid chemistry 
which has been published in the years 
since 1948 when the latest edition of the 
Fieser monograph was sent to press. 


ALBERT W. BURGSTAHLER 
University or Kaneas 
Lawrence, Kansas 


GMELINS HANDBUCH DER ANORGAN- 
CHEMIE. SYSTEMA 


ISCHEN TIC SUB- 


JECT INDEX 


Edited by the Gmelin Institute under the 
direction of E. H. E. Pietsch. Eighth 
edition. Verlag Chemie, GmbH., Wein- 
heim Bergstrasse, 1957. xiv + 116 pp. 
17.5 X 25.5cm. $17.28. 


Tuis small volume is the classification 
of subject matter in inorganic chemistry 
and related fields used by the Gmelin 
Handbook. The text is in German and 
English. As stated in the Preface, the 
“Index was originally prepared in order 
to serve as a classification guide for the 
Gmelin Institute’s scientific archives. 
The terms were developed and periodically 
revised over a period of more than 30 
years, in the course of the Gmelin Insti- 
tute’s work on the eighth edition of the 
Gmelin Handbook.” The present version 
is suitable for mechanical documentation 
systems in inorganic and physical chem- 
istry and allied fields. 

The book is available from the usual 
importers. 

JOHN W. CHITTUM 
or Wooster 
Woosrer, Oxn10 


Physical 
Methuen 
& Sons, | 
13 X | 
: 


GMELINS HANDBUCH DER 
ANORGANISCHEN CHEMIE. SYSTEM 
60: COPPER 


Teil B, Lieferung 1. Eighth edition. 
Edited by the Gmelin Institute under the 
direction of FE. H. E. Pietsch. Verlag 
Chemie, GmbH., Weinheim Bergstrasse, 
Germany, 1958. xvii +624pp. 58 figs. 
17.5 X 25.5cm. $83.76. 


Tuts volume is Part B Section 1, of 
the revised Gmelin treatment of copper. 
See THs JouRNAL 34, 104 (1957) for a 
review of Part A. 

The current book covers ‘Copper 
Compounds up to Copper Tellurates.”’ 
Specifically it includes the following groups 
of compounds: hydrides, oxides, hydrox- 
ides, nitrites, nitrates, halides, halates, 
sulfides, sulfates, selenides, selenites, selen- 
ates, and tellurides, to mention the most 
prominent ones. 

Each compound is usually discussed 
with attention to formation, physical 
and chemical properties, and thermody- 
namic data. Many addition compounds 
and naturally occurring minerals are 
described. 

The volume is packed with information 
of importance to the research worker in 
this field. The style, format, and scope 
are typical of the Gmelin series. The 
text is thoroughly documented. The 
literature was “completely covered to the 
close of 1949, and in special cases to 
1954.”” The 54 columns of contents are 
organized in detail so as to serve the 
function of an index. 

Section 2 of Part B will deal with other 


complex copper compounds and will 
complete the revision of the material on 
System 60. 


JOHN W. CHITTUM 
CoLLeGe or WoosteR 
Wooster, Oxu10 


PHENOLIC RESIN CHEMISTRY 


N. J. L. Megson. Academic Press Inc., 
New York, 1958. vii + 323 pp. Many 
figs and tables. 16 X 23.5cm. $10.80. 


Severav books concerned with phenol- 
aldehyde chemistry were published during 
the ten year period prior to 1957. The 
more important of these were by T. S. 
Carswell and by R. W. Martin in this 
country, by Pritchett and Whitehouse in 
England, and by Kurt Hultzsch in Ger- 
many. This reflects both the importance 
of phenol-formaldehyde polymers and the 
large amount of recent significant research 
in this field. The reactions involved in 
the preparation of polymeric products 
from phenol and formaldehyde are much 
more complex and varied than those en- 
countered in the preparation of other 
important types of condensation polymers 
such as polyamides or polyesters. The 
number of possible isomers is also impres- 
sive, even with relatively low molecular 
weight products. For example there are 
over seven hundred million linear isomers 
having 20 phenolic residues tied together 
with 19 methylene bridges between ortho 
or para positions. The number of 
branched isomers is of course much greater. 


Although products from such systems 
have occupied a prominent industrial 
position ever since their introduction in 
1910 as the first completely synthetic high 
polymers to be utilized commercially, 
relatively little of the chemistry involved 
was known until after 1939. The present 
volume is directed primarily toward the 
purely chemical studies since that time 
and expressly avoids any appreciable 
discussion of the extensive technological 


~ literature. The book is further limited to 


condensations of phenols with formal- 
dehyde and accordingly does not include 
related studies involving furfural or other 
carbonyl compounds. 

Many important phases of phenol- 
formaldehyde chemistry are covered in 
considerably more detail than in earlier 
books on this subject. For example there 
is extensive treatment of the reactions of 
methylolphenols, the synthesis of well- 
defined intermediates, the condensation 
of phenols with hexamethylenetetramine 
and related reactions, and the deter- 
mination of the composition of reaction 
mixtures. The more important alternate 
views on the mechanisms of certain of the 
reactions are discussed in detail and in 
some cases a critical analysis is given. 
Since Dr. Megson has been active in re- 
search on phenol-formaldehyde conden- 
sations for the past 30 years, he is well- 
qualified for this task. 

Conclusions regarding the structure of 
the crosslinked products used commer- 
cially are drawn primarily from the re- 
sults of the extensive model studies with 
suitably substituted phenols. Accord- 
ingly, most of this volume is directed to- 
ward the chemistry of well-defined rel- 
atively low molecular weight compounds. 
The rather complete and detailed coverage 
of the more recent purely chemical studies 
in this field will appeal not only to those 
concerned primarily with polymers but to 
organic chemists in general. This book 
will be a valuable addition to the rapidly 
growing literature of phenol-formaldehyde 
chemistry. 

W. J. BURKE 
University or UTAH 
Ciry, Utan 


A MANUAL OF PAPER 
CHROMATOGRAPHY AND PAPER 
ELECTROPHORESIS 


Richard J. Block, Boyce Thompson 
Institute, Yonkers, New York; Emmett 
L. Durrum, Stanford University School of 
Medicine; Gunter Zweig, University of 
California, Davis. Second edition. Ac- 
ademic Press, Inc., New York, 1958. 
xi+ 710 pp. 16 X 23.5cm. $12.80. 


Tue first edition (484 pp., 1955) has 
now been expanded to 710 pages. This 
revision and enlargement provides a 
comprehensive, up-to-date summary of 
paper chromatography and of electro- 
chromatography in paper. 

The handling of the subject matter 
follows the treatment in the first edition. 
(See THis JoURNAL 32, 496 (1955).) As 
in the first edition, the subject matter has 
been limited to the use of paper as a 


migration medium for the separation 
of mixtures. Basic rules first elaborated 
in columnar chromatography and in 
electrochromatography with gels have 
been disregarded. Greatest space has 
been devoted to the several modifications 
of the methods, to detection techniques, 
and to various applications, particularly 
to substances of biological and biochemical 
significance, notably proteins and amino 
acids. 

The arrangement of the subject matter 
has been improved. The alphabetical 
bibliography for Part I (paper chroma- 
tography) now follows this part instead of 
Part II as before. The bibliography 
following Part II (paper electrophoresis} 
has been expanded from three to 8& 
pages. By contrast with the alphabeti- 
cally arranged bibliography of Part I. 
this new bibliography is arranged by year 
of publication, a vexatious classification 
especially because the author index has 
been omitted. One subject index serves 
both parts. Owing to the diversity of the 
two principal experimental techniques, 
the book might well have been published 
with separate indexes or in two separate 
parts. 

The curious student, the beginning 
experimentalist, and the general reader 
will not place great value upon the second 
edition relative to the first. The critical 
reader and the historian will find the 
same limitations in the second edition as 
in the first. But the specialist and the 
research worker will treasure the addi- 
tional descriptions of apparatus, proce- 
dures, applications, and citations. 


HAROLD H. STRAIN 
ARGONNE NATIONAL LABORATORY 
Lemont, ILLINOIS 


NUCLEAR REACTOR EXPERIMENTS 


Argonne National Laboratory Staff, 
Edited by J. Barton Hoag, Professor. 
Science Department, U. S. Coast Guard 
Academy. D. Van Nostrand Co., Inc., 
Princeton, New Jersey, 1958. xv + 480 
pp. Many figs. 16 X 23.5cm. $6.75. 


Tuts volume is correctly entitled, 
hence can be expected to fill a specific 
need. It will do more than that as a 
valuable reference volume on the library 
shelves of institutions without reactor 
facilities. It is the product of Argonne 
National Laboratory scientists who in 
many cases are the men responsible for the 
techniques illustrated by the experiments. 
Chemistry professors will find valuable 
suggestions and possible adaptions ‘or 
analytical and physical laboratory prob- 
lems in the section on Separations Proc- 
esses. Detailed instructions (even for ‘he 
the operation of a Beckman Model 3B) 
are included. Photographs and diagrams 
leave few questionable details. Chapt«rs 
1 and 2, Basic Information and Nucl:ar 
Radiation Detection, are excellent en y- 
clopedic accounts in concise form wh ch 
should provide the nonspecialist with c! ar 
understanding of essentials. 


W.F K. 
(Continued on page A560) 
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Tue January 1959 issue will introduce the first of a 
continuing series of articles on the theme ‘Chemical 
Instrumentation.” We know that readers will find this 
new feature to be informative and helpful. Professor 
S. Z. Lewrn of the Washington Square College of New 
York University develops the series from wide experi- 
ence and familiarity with the field. He knows both 
the utility of instruments and the problems encountered 
when teaching students to make intelligent use of them. 

No one will deny that the field of instrumentation 
has expanded—more accurately, exploded—in the last 
two decades. Chemistry teachers are nearly all in the 
“informed nonspecialist” category when it comes to 
knowing what instruments can do and cannot do. 
Often the busy professor and research specialist alike 
ask the questions: What are the significant new 
developments in laboratory equipment? What kinds 
of instruments are commercially available? What do 
they cost? How can I make a sensible compromise 
between versatility and special function which still 
will fit my budget? If my research indicates that such 
and such information is needed, what methods are 
available for reliably measuring and recording the 
data? Readers who will follow Dr. Lewin’s series in 
the months to come will find many answers to these 
questions. His intention is ‘‘to survey the variety of 
commercial instruments currently available and to 
compare and contrast their characteristics in order to 
provide the reader with a basis for intelligently choos- 
ing his equipment.” 

Present plans call for one or more articles dealing 
with the following subjects: Balances, thermostats, pH 
meters, colorimeters, flame photometers, spectro- 
photometers, polarographic apparatus, potentiometers, 
recording potentiometers, conductivity meters, chroma- 
tographic apparatus, refractometers, and polarimeters. 
Subsequent columns will treat the more expensive and 
specialized types of instruments such as those used for 
measuring X-ray diffraction and nuclear magnetic 
resonance. Periodic “addenda” will appear to bring 
word of new developments which undoubtedly will be 
announced from time to time. Statements of general 
principles will be presented rather than detailed discus- 


sions of the theory on which the operation of the instru- 
ment depends. 

We call readers’ attention to the consideration of such 
taken-for-granted items as balances as “chemical 
instruments.” The value and utility of an instrument 
does not depend on its having been a Ph.D thesis in 
physics only fifteen years ago! The chemical training 
of college sophomores does not require a laboratory full 
of mass spectrometers. 

Whenever chemistry professors discuss the place of 
‘{nstrumental analysis” in the undergraduate training 
of chemists, we always hear a sensible warning voiced 
by the most experienced and thoughtful participants: 
There can be no place in the curriculum for a course 
which teaches only how to use an instrument. The 
objective of a chemistry course must be chemistry— 
that is, why the instrument is being used. Instrumen- 
tation saves time not for the use of more instruments 
but for learning more real chemistry. M. G. Mellon, 
commenting in Analytical Chemistry, 23, 19A (1951), 
states with conviction a view we respect: 

. . -The instrumental advances. . .(in the last 30 years). . .have 
been so great that one wonders if some inventive genius may not 
already have contemplated the ultimate analytical gadget, the 
meters of which would show anything and everything in any 
sample. 

. . Apparently many instructors dispense simple binary solu- 
tions to be measured on some instrument. Is the objective 
merely to demonstrate that a meter will operate? .. .Making 
the rounds of a line of such simple samples may produce only 
button-pushing meter readers... . In our enthusiasm for the 
physics of instrumentation, we must not forget the chemistry 
necessary to render many systems measurable. Chemical trans- 
formations and separations seem likely to remain unavoidable 
until we progress much farther than has yet been done toward 
making a universal analytical automation. 

It is from this point of view that we see the greatest 
value and service to our readers in the series ““Chemical 
Instrumentation.” It is designed to complement the 
vitally important information about “tools for the 
chemist”’ which advertisers constantly supply in our 
pages. If THis Journal thus can contribute to the 
efficiency of teaching more real chemistry in the same 
amount of classroom and laboratory time, we have 
attained an objective. 
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THE RANDOM DOWNSTREAM MIGRATION OF 
MOLECULES IN CHROMATOGRAPHY’ 


Tuxortes of chromatography are notably abstruse 
to those not conversant with a rather intricate mathe- 
matics (1). This mathematical difficulty can be par- 
tially avoided by use of the theoretical plate model, 
but even this model, especially in some of its recent 
ramifications, is exceedingly complex. The big dis- 
advantage of the theoretical plate model, however, is 
that it sidesteps the kinetic processes that make chro- 
matography what it is. This article outlines a theory 
of chromatography, based on the classic random-walk 
problem, that includes the various kinetic effects. 
The approach involves more physical intuition and less 
difficult mathematics than current theories. 

Two identical molecules, started at the same position 
in a chromatogram (of the paper, gas, or adsorption 
type, etc.), would soon be found in different positions 
due to random influences. It is well known that mole- 
cules are active in changing from the fast moving mo- 
bile phase (the carrier) to the stationary phase, and 
back again. Each transfer is a random incident de- 
pending upon energy fluctuations for its success. It 
is as if a coin were being tossed and with “heads” the 
molecule would change to the other phase, and with 
“tails” it would remain as is. All that is needed, then, 
to separate these two molecules in identical places, is 
for one to come up with “heads” and the other ‘“‘tails.” 


This would put them in different phases moving with — 


respect to one another, and insuring a separation be- 
tween their respective locations. Successive coin 
tosses would lead to greater or lesser separation, but 
on the average, according to the statistical laws govern- 
ing these things, the molecules would drift apart. 
The problem, then, is one of coin tossing and knowing 
how many tosses in the development of a chromato- 
gram. Before solving this problem, we will outline 
other influences responsible for separating these mole- 
cules, along with a simple statistical approach to cope 
with these effects. 

The carrier substance, in chromatography, must 
percolate through a porous medium as part of the proc- 
ess. The medium, or part of it (perhaps just its surface 
in some cases), is the stationary phase. In all cases 
the carrier is forced to follow a tortuous path, veering 
from one direction to another in avoiding granules or 
paper fibers of the medium. Two molecules, taking 
separate and winding channels through the medium, 
will not, on the average, go the same distance (leaving 
out, for the moment, the transfer between phases) in a 
given time. Each molecule is again following a random 


! The results presented here constitute part of a program sup- 
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path, and in passing by each granule it may be con- 
sidered, by some random procedure, to be choosing 
either a fast or a slow channel. 

In addition to the above two effects, there is another 
more familiar influence in the separation of identical 
molecules. This is ordinary diffusion. This operates, 
also, as a random process on the molecular level. 

We will review some simple concepts and formulas 
of general use in statistics and diffusion that will make 
possible the calculation of zone spreading in chromatog- 
raphy. 


RANDOM-WALK MODEL 


Although each molecule varies in the amount of time 
it spends sorbed in the stationary phase, there is an 
average value for this quantity when all the migrating 
molecules are considered. Typical of results deter- 
mined by numerous random incidents, the sorption 
times of the molecules group around the average sorp- 
tion time in the form of a “Gaussian,” or “‘normal”’ 
density function. The measure of the spread of this 
normal curve is the standard deviation, usually de- 
noted by o. 

The random-walk model involves a series of steps 
in either the positive or negative direction (2). The 
direction of each is determined by the outcome of a 
simple random experiment. If a coin is used, the 
random walk is symmetrical, since there is (supposedly) 
an equal chance for either outcome. After n steps, 
each of length J, the particle has been displaced a dis- 
tance X from the origin. The standard deviation in 
X is 


(1) 


In a general way, / may represent not only a displace- 
ment in distance, but in time, etc., as will be seen. We 
will find the effective / and n in chromatographic proc- 
esses in order to relate the width of zones to kinetic 
processes. 

There is another result in statistics stating that f 
several simultaneous and independent random prov- 
esses are occurring, each having a value a; as in equ::- 
tion (1), then the final spread of the zone is determine:| 
by o, where 


- = Zo? (2) 


this equation is stated by saying the separate var- 
ances, o,*, are additive. We will use this equation |» 
calculate the combined effect of the kinetic, flow, an! 
diffusional influences on zone structure. 

An additional concept, related to diffusion, is usef: | 
here. Ordinary diffusion is a result of the randoi 
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movement of molecules first in one direction and then 
in the other direction. This process resembles the 
random walk problem that we have discussed. A 
well-known formula (3) relates the spread due to ran- 
dom fluctuations, o, to the spreading influence of dif- 
fusion, the diffusion coefficient, D 


o = V2Di (3) 


where ¢ is the time that the process has beea going on. 
From this simple equation, we see that it is possible 
ither to describe chromatography as a random process 
with a value of o, or a diffusion process with a value 
of D. However, aside from this, equation (3) will be 
used to find the o due to ordinary diffusion processes 
once the diffusion coefficient, D, for that process is 
known. 

The above equations can be used to find the spread 
of a zone, but the location of the zone must also be 
known. This is related to the average sorption time 
that was mentioned. The carrier stream in chroma- 
tography is moving with an average speed which we 
will denote by v. While the molecules are in this mov- 
ing phase, they too are moving with a velocity v. 
However, while they are in the stationary phase, their 
downstream velocity is zero. The average velocity 
of these molecules, %, is somewhere between zero and v, 
depending upon the relative time spent in moving and 
stationary phases. If 2, is the average of the total 
time spent in the stationary phase (average sorption 
time), and 7, the average time spent in the moving 
phase, then the average velocity, %, is 


a (4) 


the term é,/(t,; + é) is the fractional time that a mole- 
cule spends in the moving phase. It can be denoted 
by R, and is usually equal to the R, value so commonly 
used in chromatography. R is determined by the 
equilibrium distribution of molecules between the 
moving and stationary phases. The above relations 
were first obtained by LeRosen (4). 


ELUTION CHROMATOGRAPHY 


We will now proceed with an analysis of a method 
known as elution chromatography. The solute zones, 
in this case, are washed completely through the sorbent 
strip or bed, and analyzed as they reappear on the 
downstream end. Experimentally one measures the 
concentration of the eluted material as a function of 
time and usually obtains a Gaussian peak for each sub- 
stance. Interest is centered around the time of ap- 
pearance of the peak and the width of the peak in 
seconds. 

It is possible, now, to give quantitative meaning to 
the terms in equation (1) for the elution case of chro- 
matography. The number of steps, or coin tosses, n, 
in the random-walk problem, can be interpreted as the 
number of random incidences leading to the separation 
of molecules in identical places. Every transfer of a 
m» lecule from the carrier to the stationary phase, and 
back, may be considered such a random incident. 
If we let ¢ equal the total number of sorptions (carrier 
to stationary) before elution, then there must also be 
« (esorptions (stationary to carrier), since every sorp- 
tion must be followed by a desorption. The total 
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number of phase changes, then, is 2 ¢, and this may be 
considered as the number of steps, n, in the random 
walk. 

The length of a step, J, in equation (1) is the distance 
traveled in the positive or negative direction with each 
coin toss. Thus if two molecules are in identical posi- 
tions, and only one makes a random move, the mole- 
cules will as a result be separated by a distance 1. We 
are not interested in a distance separation here, but in a 
time separation. Molecules appear with different 
elution times rather than spatial distributions. Hence 
we are interested in the time separation of two mole- 
cules due to a single random move. If a random move 
were made such that one molecule were placed in the 
moving phase and the other in the stationary phase, 
the stationary phase molecule would be behind in the 
race by a time equal to the average time required for its 
desorption. Let this time equal At. This time is 
equivalent to the length of step in equation (1) since 
it is the separation due to a single random event. 

We are now able to put together the various parts of 
equation (1). The standard deviation has the dimen- 
sions of time, and is denoted by r. Thus substituting 
7 for o, At for and 2 for n, we have 


r= At V2 (5) 


This equation relates 7 to kinetic phase-transfer terms, 
At and e¢, but further refinements are desirable. 

First, let us consider a bed of length L through which 
the carrier is moving with velocity v. A given mole- 
cule of the carrier substance spends the residence time, 
i, = L/v before the exit of the column is reached. 
The solute molecules, on the other hand, spend only a 
fraction of their time moving with this velocity v. 
Nevertheless, each molecule must spend the time 4 in 
the carrier before exit. An additional time, 72 ,is spent 
in the stationary phase. The average elution time of 
these molecules is 7, + 7s. 

We have left until now a discussion of the rates of 
transition between the mobile and stationary phases. 
Let k; equal the transition rate from the mobile phase 
to the stationary phase (k; can be interpreted simply 
as the average number of sorptions per second of exist- 
ence in the mobile phase). Similarly, k2 is defined as 
the transition rate from the stationary to mobile phase. 
If each molecule must spend a time /, in the mobile 
phase before elution, and in each second it sorbs k, 
times, then it sorbs a total of k,7, times before elution. 
Thus 

The value of At in equation (5) can be given in terms 
of ke. It is to be remembered that At is the average 
time required for desorption. Since kz can be inter- 
preted as the average number of desorptions per second, 
then 1/kz is the average time required for one desorp- 
tion, At. 

Substituting, then, 1/k. for At and kj, for e, equation 
(5) becomes 


This value of + has been obtained by more rigorous 
methods (5). This equation relates the spreading of a 
zone directly to the rates of the kinetic processes in- 
volved. 

Finally, without introducing any new terms, it is 
possible to calculate the average elution time of a com- 


OF 


ponent. It was shown that the total number of sorp- 
tions is k,d,, and it may similarly be shown that the 
number of desorptions = kei, Since these are equal, 
we have 


h= (7) 
The mean elution time, i? (the time to reach the peak 
maximum), is 2; + i 


b= (8) 


and, as has been shown, /, can be written in terms of 
column length, Z, and flow velocity v. The term 
(1 + k,/kz) is equal to the reciprocal of the R value 
mentioned earlier. The elution time can, with equal 
success, be described in terms of R or k, and ke. 

A process similar to the above, as we have mentioned 
earlier, is the spreading of the elution peak due to the 
random and tortuous path of molecules through the 
porous medium. Since the streamlines must continu- 
ously bend, each molecule spends a good deal of time 
moving laterally instead of in the over-all direction of 
flow. At any instant the solute molecule may take 
a lateral path or a flow-direction path, in addition to 
having paths of different velocities. We can simplify 
the picture by assuming that each path is equal in 
length to the average particle diameter, d, of the me- 
dium. Random influences determine, at the conclusion 
of every step, whether the next step will be lateral or in 
the flow direction. Each choice involves a distance ap- 
proximately equal to d, so that this may be considered 
the length of step; the number of steps is simply the 
number of paths of length d needed to pass through the 
column length, L. Ths n = L/d. 

Although d is the di. .unce of separation with a given 
step, information is needed concerning the difference 
in elution time caused by a single step. Remembering 
that the velocity of the average molecule is 4, the time 
separation of molecules with one step is the distance 
separation, d, divided by the velocity, 7. Substituting 
l = d/i, and n = L/d into equation (1) yields 


r= (9) 


Equation (4) shows that # is the product of v and the 
ratio, + = R. Using equation (7) for we 
have 


kev 


(10) 


Substituting this into equation (9) we have 


(ki + ke) WLd 


kev (11) 


This is an approximate value for the standard deviation 
in elution time due to the porous nature of the medium. 
This result can be obtained by other methods (6). 

Ordinary diffusion is usually written in terms of D 
rather than/ and n. These can be related by equating 
the value of ¢ in equation (1) with that in (3) 


2Dt 
(12) 


The time ? = ¢, since appreciable diffusion occurs only 
when the molecule is in the mobile phase. Since we 


want the time separation in a step, we again divide 
the length of step by #. Thus using equation (1) 
with the //# in place of 1, we have 


V2Dh 
a 


(13) 
The last expression is obtained with the help of equa- 
tion (12). Substituting @ from equation (10) into the 
last equation yields 


the) V2Dh 
kav 


This equation, then, serves to relate an additional! 
spread of the elution curve to the diffusion coefficient 
of the solute in the carrier substance. 

We now have three contributions to the over-all 
spread in the elution peak. These are given by equa- 
tion (6), (11), and (14). Since the variances add as 
shown in equation (2), we have for the over-all variance, 

where we have substituted L/v for 4. Thus the over- 
all variance can be expressed in terms of the fundamen- 
tal molecular parameters and operating conditions, k,, 
ke, D, d, v, and L. 


ANALYSIS OF ZONE SPREAD 


It often happens that zones are stopped somewhere 
before elution, and cut from the chromatogram. This 
is especially common with paper chromatography. 
The zone .n this case has a certain thickness with the 
standard deviation measured in terms of distance. 
This distance is shown as ¢. We exclude both here 
and in the elution case a discussion of chromatography 
when tailing is present. Zone asymmetry of this type 
does not yield to such simple theory as presented here. 

A simple relationship can be expressed between o 
and r. The time r is required for the zone to move 
forward the distance ¢. Since the mean velocity of the 
zone is 


(14) 


(16) 


(In this same way we found that the relationship be- 
tween the length of step in distance and in time in- 
volved 4.) 

If the value of % from equation (10) is used in (16), 
and this substituted into (15), it is found that 


2DL 
a7) 


The term L now represents the distance the zone has 
moved along the bed rather than the entire bed length. 
The last equation may seem to be derived by a some- 
what roundabout method, since, for the last two terms, 
the length of step was converted to the time of step 
using #, and now we have used # in the inverse sense 
to convert a time, 7, to a distance, ¢. Thus the tern, 
Ld, for random flow effects, may be obtained immedi- 
ately by considering the length of the step as d, tlie 
number of steps as L/d, and o? as the square of the 
first multiplied by the second. The present method 
was used, however, since the contribution due to pha-v- 
transfer reactions, equation (6), is most simply 0)- 
tained in terms of time increments. This term, te 
first on the right hand side of both (15) and (17), is the 
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ost interesting term from a chemical point of view. 

An interesting point concerns the relative impor- 
tunce of the terms on the right of equation (17). This 
cepends upon the operating conditions, particularly on 
tre flow velocity, v, of the carrier in the chromatogram. 
At large flow rates the first term (phase-transfer effects) 
p edominates, while at small v, ordinary diffusion is 
tielarge term. The middle term (random flow effects) 
is intermediate between the others. It is evident that 
the flow rate can be adjusted to give the smallest 
vlue of o. At this optimum flow rate, the three terms, 
at least for gas chromatography, are the same order of 
m: gnitude. 


THEORY AND SEPARATION 


The zone spread given by equation (17) becomes very 
significant for borderline separation problems. While 
th: center of a zone may have migrated away from the 
center of another, the spread is often sufficient to cause 
the overlap of the two. In this case the effectiveness 
of the separation is impaired. This situation can be 
remedied either by effecting a greater separation of the 
centers or by reducing the spread of one or both of the 
components. 

The first of these is tantamount to altering R values. 
The separation of two zones is proportional to the dif- 
ference in their separate R values, other things being 
constant. The value of R can be altered by changing 
the stationary or mobile phases, and it is only necessary 
to find a combination such that the R’s are changed in 
opposite directions. 

A change in R may be considered either as a kinetic 
effect or an equilibrium effect. Equation (10) can be 
used to evaluate R in terms of the transition rates, k, 
and ka, but R is more often considered as the equilibrium 
fraction of molecules in the mobile phase. The two 
values are identical; the outlook, only, is different. 

The second remedy to incomplete separations 
proceed by reducing the spread of either or both com- 
ponents. We have already indicated that this can be 
done by altering flow rates in accord with the theoretical 
equations. A more fundamental study, just beginning, 
involves k; and kz. These two kinetic parameters are 
fixed by the chemical nature of the mobile and the 
stationary phases, and the interface between them. 
When this dependence is better understood, a certain 
degree of control on k; and ke, and hence on o and r, 
will be possible. It should be noted that the height 
equivalent to a theoretical plate (H.E.T.P.), which is 


itself a measure of spread, is related to the more funda- 

mental kinetic parameters k, and ke. The relation 

between them is 

(H.E.T.P.) = 
+ ke)? 


We see from this that any change in the kinetics of the 
system will be reflected in the value of (H.E.T.P.). 

In summary, separability depends upon relative zone 
movement and upon zone spreading. The common 
index of the former is the R value and of the latter is 
(H.E.T.P.). Both of these, and thus the over-all 
performance of a chromatogram, depend upon k,; and 
ke. The prediction of the latter from first principles 
shows a great deal of promise by way of leading to 
improved separations. 


CONCLUSION 


The use of random variables can be extended to other 
migration problems in addition to chromatography. 
The migration in an electrical field of an ion that 
changes its charge has been considered by the more 
rigorous method of random flights (7, 8), but could 
have been considered here. Chromatography itself 
could be more exactly treated as a problem in random 
flights since the length of step, often considered in this 
paper, is not constant. For this reason (among 
others), the result obtained in equation (6) may be con- 
sidered correct only by accident. We may say, to its 
advantage, that such a treatment would not be ex- 
pected to be in error by more than a constant multiply- 
ing term the order of unity. Also it is doubtful that 
such simplicity as obtained here could be introduced 
into an exact, rigorous treatment. Chromatography 
has been treated rigorously as one involving random 
processes, but the methods are not simple (9, 10). The 
results, however, agree with equation (6). 
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MERRY ALIPHATICS AND HAPPY AROMATICS 


Tue following greeted the professor from the board in the organic chemistry classroom at Chestnut 
Hill College, Philadelphia, on the day before Christmas holidays: 


Experiment: Preparation of Christmas Spirit 


Equation: Good Will + Excess Cheer — Merry Christmas + Happy New Year 
Procedure: One mole of good will reacted slowly with excess cheer and refluxed for 365 days will 
give the products in high yield. A “high’’ yield will result when methylcarbinol is used as a 


catalyst. 
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THE DETERMINATION OF STABILITY 
CONSTANTS OF COMPLEX INORGANIC 
SPECIES IN AQUEOUS SOLUTIONS 


Dorin the past few years, there has been a resurgence 
of interest in the study of the equilibria of inorganic 
complexes in aqueous solution (see Pokras /, 2, 3). 
This research has led to a much better understanding 
of the physical chemistry of aqueous solutions. As 
more accurate values of stability constants become 
available through the study of complex equilibria, 
quantitative theories can be developed explaining the 
interactions between the metal ion, ligand, and the 
solvent. However, the agreement of different authors 
on the values of complexity constants is such as to 
leave doubt about the reliability of much of the pres- 
ently available data. This is the problem that remains 
to be solved before satisfactory quantitative theories 
can be developed. 

The purpose of this paper is, therefore, to discuss 
the presently accepted methods for the determination 
of stability constants, i.e., the methods that are deemed 
to be the most reliable for indicating just what ionic 
species exist in solutions of ‘“‘salts’’ of multivalent 
metal ions with various ligands. This discussion is 
offered as a supplement to Volume 2 of the tables of 
stability constants (4) compiled by Bjerrum, 
Schwarzenbach, and Sillén. This volume tabulates 
all available data on stability constants of complexes 
with inorganic ligands together with solubility products 
of inorganic substances. Unless the chemist has some 
familiarity with the methods for the determination 
of these constants, it is difficult to judge which values 
are likely to be the most accurate; the procedure of 
selecting the most recently determined values is not a 
reliable one. 

The fundamental process to be discussed here is the 
formation of complexes by reactions of the general 
type, 

q M(H,O), + p X = M,X,(H20)m (1) 


Ionic charges are ignored in the equation above. 
Particular attention will be paid to the several criteria 
which must be followed if the measurements of stability 
constants are to be accurate enough to be of value in 
attempts to formulate quantitative theories of complex 
formation. 

In considering reactions of type (1), we shall not be 
concerned with changes which may occur in the number 
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of solvent molecules bound to the species, since equi- 
librium measurements can give no indication of these 
numbers. According to reaction (1), one or more 
complexes M,X,(H:O), are formed when reaction 
occurs between M and X. In this paper the discussion 
will be limited to the case where M is a multivalent 
metal ion and where X is a simple anion like Cl-, a 
complex anion like SOQ,-*, or the quantity —H*. 
All of these cases are treated together, since the ex- 
perimental measurements and the analysis of the 
data are quite similar. It should, perhaps, be noted 
that while mathematical treatment of the data to 
calculate the stability constants is in principle identical, 
there are certain fundamental differences in the 
mechanisms of reactions producing, e.g., the complexes 
CdCl+, CdOH*, and Fe.(OH).+4. For the complex 
CdCl+, the reaction may be written: 


Cd(H:20),.*? + Cl~ =: CdCl(H20)m*, log Ku = 1.59 (5) (2) 


The second complex, CdOH*, appears to be formed 
according to the Brgénsted concept of aquo-acidity. 


Cd(H.0),*? + = 
CdOH(H:20)n* + H;0*, log Ku = —9.0 (6) (3) 


In the third example, Fe.(OH).+‘ is formed by the 
non-Br¢gnsted reaction describing the aquo-acidity of 
the Fe(III) ion. 


2Fe(H:0),*+? + 4H,0 = 
Fe(OH )o(H20)m** + 2H;O+*, log Ke = —2.91 (7) (4) 


HISTORICAL 


The basic experimental methods for the study of 
complex formation equilibria certainly cannot be 
considered to be recent developments; in fact, most 
of these methods were available before 1900. 

The stepwise formation of complexes was first proved 
by Morse (8) and Sherrill (9) during the period 1/02 
to 1904. This was shown for the formation of the 
Hg(IT) complexes HgCl+, HgCl., HgCl;~, and HgC!.~*. 
Bodlander’s method (1/0) for finding the composition 
of the predominant complex in solution from e.:1f. 
measurements was introduced in 1901 and first app'ied 
to the study of Ag+ and Cut complexes. Lut ier 
(11) and Abegg and co-workers (Morse (8) and She’ rill 
(9)) applied e.m.f. measurements, using a merc iry 
redox electrode to detemine the central ion concen’ 'a- 
tion, in their investigations of the Hg(II) comple es. 
Euler (12) also employed e.m.f. methods to st: dy 
complexes of NH; and CN- with Ag+, Zn*+?, and C: 
using Ag, Zn, and Cd electrodes to measure the cen ral 
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ion concentrations. Morse (8) and Sherrill (9) used 
distribution measurements in the study of Hg(II) 
halide complexes by determining the distribution of 
HgX2 between the aqueous phase and a benzene phase. 
Vforse (8) used solubility measurements for the study 
of the Hg(II) halide complexes, and Bodlainder and 
“ittig (13) applied solubilities to the study of Ag+ 
-NH,; equilibria. 

Unfortunately, after this early beginning, progress 
i: these studies of ionic equilibria slowed greatly during 
tne 1920’s and 1930’s. Two of the deterrents to the 
s udy of complicated equilibria seem strangely enough 
t» have been the introduction of the Lewis concept cf 
activity and the Debye-Hiickel relation for activity 
coefficients. Since the Debye-Hiickel theory was 
quite successful in describing the behavior of very 
dilute solutions of electrolytes, it became common 
practice to consider all electrolytes as completely 
dissociated. Deviations from ideal behavior at high 
concentrations were attributed to non-specific electro- 
statie interactions. In order to conform to the 
generally accepted standard state for free energy meas- 
urements, the hypothetical 1 molal solution in the 
solvent water, equilibrium constants were usually 
extrapolated in some way to give the value of the 
constant for zero ionic strength. This is certainly a 
desirable practice, since data from the equilibrium 
measurements could then be used together with other 
thermodynamic data for a wide variety of calculations. 
It is necessary to consider the evidence, however, 
to see if it is generally possible to obtain values for com- 
plexity constants at infinite dilution, since these com- 
plex formation equilibria are studied at relatively 
high ionic concentrations. 

In the case of certain simple sili involvi ing 
only one complex formed from univalent ions, it is 
relatively easy to measure accurately the equilibrium 
concentrations by e.m.f. studies and to perform a 
reasonable extrapolation to infinite dilution. For 
example at very low concentrations of chloride ion, 
the following equilibrium exists: 

AgCl = Ag* + Cl- (5) 
By making only a few logical assumptions, it is possible 
to extrapolate the data to give the value of the equi- 
librium constant at zero ionic strength, e.g., as was 
done inworks of Owen (14) and Popoff and Neuman (1/4). 

In systems where several complexes are formed, 
the steps are generally so close together that several 
complexes exist simultaneously. As an example of 


such a system, one may examine the constants for the 
complexes of Hg(II) with Cl~- (6). 


Hg*? + Cl- = HgCit 
Hg*? + 2Cl- = HgCl. 
Hg** + 3Cl- = HgCl;- 
Hg*? + 4Cl- = 


log Kn = 6.744002 (6) 
log Kn = 13.22 +002 (7) 
log Ku = 
Th se values of the equilibrium constants are valid 
for 25°C., ionic strength = 0.5, and [H+] = 10-2 M. 
Th: distribution of mercury among the various com- 
ple.es may be illustrated in a simple way by plotting 
the per of the total mercury the form of 
Hg + HgCl-, HgCh-? + HgClh- + HgCh, 
and HgCl,-? + HgCl- + HgCl + HgCl*+ as a 
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14.07 + 0.06 (8) 


i i iL 


6 5 
[ci] 
Figure 1 


Distribution of complexes as a function of log [Cl~] in the Hg **-Cl~ sys- 
tem. Concentrations are in mole/l. If a vertical line is drawn for a given 
value of [Cl-], the segment of the line falling in a given area, e.g., HeCh~, 
represents the per cent of the Hg present as that complex. 


function of the log [Cl-]. Since only mononuclear 
complexes are formed, the diagram is independent of 
the total mercury(II) concentration. This is illustrated 
in Figure 1. If a vertical line is drawn at a given 
ligand concentration, the segments of the line indicate 
the per cent of Hg(II) in the various complexes. It is 
obvious that even in a system such as this where 
only mononuclear complexes are formed, it is impos- 
sible to perform satisfactory extrapolations to zero 
ionic strength. In order to form the complex HgCl,~’, 
concentrations of Cl~ in the range 0.1 to 1.0 M are 
necessary. 

In certain systems, particularly those involving 
complexes of multivalent metal ions with hydroxide 
ion, the investigation is further complicated by the 
formation of polynuclear complexes, e.g., in the hydrol- 
ysis of the tin(IT) ion (17). The following reactions 
were found to describe the hydrolysis in this system. 


Sn*+? + H,O = SnOH* + H* log Ay, = —3.92 + 0.15 (10) 


28n*? + 2H,O = Sn(OH).*? + 2H 
log Kx = —4.45 + 0.15 (11) 


38n*? + 4H.O = Sn;(OH),*? + 
log Kis = —6.77 + 0.03 (1: 2) 

These constants are valid under the conditions of 25°C. 
and the constant ionic medium with [CIQ,-] = 3 M. 
From the values of the constants given above, it is 
seen that hydrogen ion concentrations of up to 0.05 M 
are necessary to repress the hydrolysis of the Sn(II); 
therefore, if complexes of Sn(II) with other ligands 
besides OH~ are to be investigated, the concentration 
of H+ alone must be maintained at a minimum of 0.05 
M if mixed complexes with hydroxide ion are to be 
reduced to a negligible concentration. Since the ionic 
strength of the solutions being measured frequently 
approaches unity, it is very difficult to perform extrapo- 
lations of the data which will give two or three different 
constants at infinite dilution. 

In 1938, the results of a detailed study of the equi- 
librium 

Pb*? + Cl- = PbCi+ 

were published by Giintleberg (18). This disser- 
tation is relatively inaccessible for most Americans, 
since it was published in Danish, but the results are 
very interesting in the light of the previous discussion. 
This equilibrium presents an almost ideal case for study, 
since the concentrations of Pb** in the equilibrium 
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solution can be measured using lead amalgam elec- 
trodes and the [Cl-] can be obtained with Ag/AgCl 
electrodes. E.m.f. measurements were made to 0.01 
mv., and an attempt was made to extrapolate the data 
to infinite dilution using various forms of the Debye- 
Hiickel equation for the activity coefficients. Values 
of the equilibrium constant were obtained which 
ranged from log Ky, = +1.0 to +1.5 at infinite dilution. 
Although Giintleberg felt that the most accurate value 
(log Kyu = +1.40 to 1.44) was obtained using the 
Guggenheim equation for the activity coefficients, 
he concluded that too little was known about the be- 
havior of activity coefficients to permit an extrapolation 
to be performed confidently, even in this simple case. 

Because of our limited knowledge of the physical 
chemistry of ionic solutions, it appears necessary to 
abandon the calculation of equilibrium constants at 
infinite dilution for reactions which are as complicated 
as the Hg(II) —Cl- complexes or the hydrolysis of the 
Sn(IJ) ion; however, it is certainly of interest to the 
inorganic chemist to know just what complexes are 
formed in these systems. The first person who appears 
to have developed an accurate method for studying 
the stepwise formation of complexes in such a system 
over a wide concentration range was Leden (4, 19). 
In his work on the complexes of Cd+? with various 
ligands, the reactions were studied in a solvent of rather 
high ionic strength, 3 M NaClO,. It was assumed that 
activity coefficients would remain constant in this 
solvent and that the law of mass action could be ap- 
plied directly to determine just what species were 
present and to calculate the successive equilibrium 
constants. In this way, Leden succeeded in estab- 
lishing the types of complexes present and the dis- 
tribution of Cd among these species as a function of 
the ligand concentration, all in the solvent 3 M NaClQ,. 
Although the constants obtained in this way only 
apply exactly to the solvent 3 M NaClQO,, one can be 
reasonably certain that the same species exist in other 
similar solvent systems. 


EXPERIMENTAL METHODS FOR STUDYING 
COMPLEX FORMATION EQUILIBRIA 


Since it is impossible to separate the question of 
what species exist in the solutions from the determina- 
tion of the equilibrium constants for the species, the 
first step in the investigation of an unknown system is 
the determination of the values of p and gq for all of 
the species M,X, in the system. If one assumes an 
incorrect set of reactions, the equilibrium constants 
calculated are of no significance. In the past, for ex- 
ample, the aquo-acidity of cations has been generally 
assumed to arise from reactions of the Brgénsted type: 


+ = + + (14) 


Many acidity constants have been calculated assuming 
this type of reaction when in reality the main products 
of the hydrolysis were polynuclear species. The data 
in these cases were obtained over such a short con- 
centration range that they could be approximately 
fitted by assuming one or two mononuclear constants; 
however, more careful measurements show that the 
products are actually polynuclear and therefore ex- 
planation of the data in terrms of mononuclear constants 
is useless. 


The mathematical methods used to determine the 
equilibrium constants are too involved to be discussed 
in detail in this paper. For recent reviews of the 
methods used in systems with mononuclear complexes 
the reader is referred to the papers of Sullivan anc 
Hindman (20) and of Rossotti and Rossotti (2/) 
Methods for the study of systems with polynuclea: 
complexes have been discussed in detail by Sillé 
(22, 28, 24). The analysis of the data depends, o° 
course, on just what quantities are measured, and th: 
common experimental methods for the study of comple:. 
formation in solution may be divided into three dit- 
ferent types. 


Type 1 


The most reliable method for the study of complex 
formation equilibria is the measurement of the con- 
centrations of individual species. The e.m.f. of electro- 
chemical cells is used to measure both the central ion 
and ligand concentrations with very high accuracy. 
Polarographic methods may also be used to obtain the 
central ion concentrations under favorable circum- 
stances. Vapor pressure measurements may some- 
times be used to determine the ligand concentration, 
as for example with NH; in ammines. In systems with 
only mononuclear complexes, measurement of the 
distribution of the neutral complex between immiscible 
solvents is employed to obtain data on the concentra- 
tion of the neutral complex as a function of the ligand 
concentration. 

The analysis of these data may be summarized in 
the following way. For the sake of brevity, we may 
write down the following symbols: 

B_ = total concentration of metal M 

A = total (analytical) ligand concentration 

b = equilibrium concentration of free metal ion M** 

a 


= equilibrium concentration of free ligand X 
Ky, = equilibrium constant for formation of species M,X, 


_ The following equations are obtained directly applying 
the law of mass action. 


B =b + = b + Zqarb*h,, (15) 
A =a+ Zp[M,X,] = a + (16) 


When the ligand concentration is experimentally 
determined, it is most convenient to summarize the 
data in terms of the ‘‘average ligand number,”’ i.e., 
the average number of ligands bound per metal atom. 
This quantity is generally represented by Z in systems 
with polynuclear complexes and by # in systems with 
only mononuclear complexes. Using equations (| 5) 
and (16), 
A-—a__ 
B b + 


Z= 


Also, in addition to the average ligand number, 1! | 
useful to study the variation of the free metal 
concentration with the ligard concentration. |! 
function analyzed in this case is usually log B/ 
Again using equations (15) and (16) we obtain 


log Bb-! = log (1 + Zqab*-'K,,) 


Typical data for a system with polynuclear comy 
formation (the hydrolysis of the tin(II) ion) are gi 
in Figures 2 and 3. A and B are known from | 
analytical data and varied over as wide a range ‘Ss 
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Figure 2 
Average number, Z, of OH~ bound per Sn as a function of log [H*], Basa 
perameter. Concentrations are in mole/l. Curves calculated for log Ku = 


— 3.925, log Ke = — 4.45, log Ka = — 6.77. B = 40mMO, 20mM O, 
omplex 10mM A, 5 mM @and @, and 2.5mM 
ie con- 
lectro- 
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possible while a and 6 are measured. a and 6 are 
measured as A varies from 0 to A,,,, while B is held 
constant. This is repeated for several different values 
of B. These measurements are discontinued upon 


ircum- the appearance of colloidal sols, i.e., complexes of too 
some- high molecular weight to be solvated. Under these 
ration, conditions, rapidly reversible equilibria connot be 
as with obtained. The solid lines in Figures 2 and 3 were 
of the obtained using the set of constants given in (10), (11), 


riscible 
centra- 
ligand 


and (12). Using the functions Z and log Bb-', the 
equilibrium constants occur as coefficients in the power 
series in a and b, equations (17) and (18), and may be 
calculated by a variety of methods without making 
assumptions about what products are formed. Since 
polynuclear complexes are formed by the hydrolysis of 
tin(II), the distribution of the tin among the various 
complexes is a function of the total tin concentration 
as well as of the ligand concentration. This is illus- 
trated in Figure 4 which gives the distribution for two 
1,X, values of B, 40 and 2.5 mM. 

When only mononuclear complexes are formed, 


ized in 
re may 


+ 


plying equations (17) and (18) reduce to the more familiar 
forms given below. 

(15) 

entally log Bb-! = log (1 + Za?K;j,) (20) 
ize the When only mononuclear complexes are formed, # and 
Ee 1.6, log Bb-! are independent of b and hence of B, so that 
| atom. measurements at two or more different total metal 
ystems 
1s with 


is (15) 


- tog 


om} Figure 3 
e gi 

B i L g Bb— as a function of log [H*], B as a p ter. C trati 
om are .mole/l. Curves calculated for the same set of constants as in Figure 2. 


nge as By \ues are the same as in Figure 2. 
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concentrations, B, will distinguish between mono- 
nuclear and polynuclear complex formation. It should 
be noted that if all species including the free central 
ion, M, are polynuclear and contain the same number 
of metal atoms, Z and log Bb— will be independent of 
balso. For example Hg.+*? would exhibit mononuclear 
behavior upon complex formation so long as all com- 
plexes were of the type Hg.X,@-+. This special 
case should cause no confusion. 

When distribution measurements are used to study 
systems of mononuclear complexes, ft is calculated 
from the variation of the degree of formation, a,, 
of the neutral complex with the ligand concentration, 
cf., Rossotti and Rossotti (21). The degree of forma- 
tion of the complex MX, a,, is defined by 


= 


and 


d log an 


log =(n —") (22) 


A and B are again chosen as the independent variables, 
and the concentration of the neutral complex is the 
measured dependent variable. When only mono- 
nuclear complexes are formed a, is independent of B; 


B=2.5mM 
mM 


1,0 


. Figure 4 


Distribution of tin(II) hydrolysis products as a function of —log [H *}. 
Concentrations are in mole/l. The distribution is given for two values of B, 
40 mM and 2.5 mM. 


therefore the distribution diagram, e.g., Figure 1, is 
independent of B. 

It is assumed in all of the above relations that the 
activity coefficients of all species remain constant in 
all of the measurements, and the experimental condi- 
tions must be such as to satisfy this condition. 

In general, knowledge of one of the sets of data 
(A,a,B), ({MX,],a,B), or (A,B,b) for the system as 
complexes are formed makes possible the calculation 
of # as a function of a. Once this function is obtained 
it is possible, in theory, to calculate all of the N mono- 
nuclear complexity constants for the system. The 
number of constants which actually can be obtained 
depends upon the accuracy of the measurements. 
When polynuclear complexes are formed it is necessary 
to have the data (A,B,a) for several values of B and 
desirable to have (A,B,a,b), since the number of possible 
products is very large. 


Type 2 


In the measurements of this second type, instead of 
the determination of the concentration of individual 
species, a function Dk; is determined where k;, is a 
constant for each of the i” species with concentration 
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c; In addition to N unknown equilibrium constants, 
there are now N additional unknown constants, ky. . . ky. 
The function 2k; may be obtained by spectrophotom- 
etry, magnetic susceptibility, conductance measure- 
ments, etc., the constants depending of course on the 
quantity measured. In the case of spectrophotometry, 
one additional dimension is added to the measure- 
ments, since the optical density can be determined over 
a range of wave lengths. 

The number of constants which can be obtained and 
their accuracy depends upon how accurately the change 
in the physical quantity can be measured as complexes 
are formed in the solution. In general the number of 
unknowns involved in the analysis of data of this type 
is too great to permit a solution of the problem when 
three or more mononuclear complexes exist or when 
the complexes are polynuclear. 

These methods are generally limited to systems 
with certain special properties. For example, the 
spectrophotometric method is particularly useful when 
the absorption of the complex(es) occurs in a different 
region of the spectrum from that of the free ligand. 
Measurement of the extinction of the solution as a 
function of a allows construction of the plot e/B versus a 
from which # may be obtained (25, 26). Conductivity 
methods are useful when a single uncharged complex 
is formed. Once the species present have been identi- 
fied, e.g., with e.m.f. measurements, these methods 
are of value as confirmatory evidence. 


Type 3 


Solubility measurements have often been used to 
establish the ionic species present in solution. Meas- 
urements of this type are, however, of limited value, 
since A and B (total concentrations in all solvated 
species) can no longer be varied independently. If the 
end product on the stepwise formation of complexes is 
and insoluble species M,,X,, a and b will always be 
related by the solubility product expression when 
measurements are made in the presence of the in- 
soluble complex. Thus 


a"h™ = Ke 


and substitution of b = (a~"K,,)/™ into (15) and (16) 
gives A and B as functions of a alone. Therefore B = 
f(A), and they cannot be varied independently. This 
limits the information which can be obtained, making 
it impossible to distinguish between mononuclear and 
polynuclear complexes. 

Solubility measurements only furnish information 
on the charges of the ions in the solution and not on 
the composition of the complexes. For example, 
the solubility, S, of SnO in dilute acid has been found 
to be described by an equation of the type 


S = K, + K,{H*] + K.[H*]? (27) (23) 


In this equation, the constant K, is the of sum all of 
the equilibrium constants for the formation of species 
Sn»(OH)on—2+? with the charges of +2. The hydrol- 
ysis studies on the tin(IT) ion (17) indicate that there 
are three species in the solutions with charges +2, 
Snt+?, Sno(OH).+?, and Sn;(OH),+?; therefore, the 
constant K, determined by solubility measurements 
is not the equilibrium constant for the reaction pro- 
ducing Sn*+*? as was of necessity assumed in measure- 


ments of this type. Solubility measurements are 
particularly of value when used with measurements 
of Type 1 to give the ionic species present in a system 
over a wide range of concentrations of the reagents in 
both saturated and unsaturated solutions. 

There are various other methods used for the study 
of complex formation such as bends in simple titration 
curves, polarographic and conductance curves, Job’s 
method, etc. These were not discussed above, since 
they are qualitative in nature and difficult to interpret 
correctly. 


CRITERIA FOR THE STUDY OF 
COMPLEX-FORMING EQUILIBRIA 


(1) The Constant Ionic Medium 


A constant ionic medium is employed so that the 
activity coefficients of a certain ion or ions can be 
considered to remain constant in all of the solutions 
studied. In general this is done by adding a large 
concentration of some cation like Lit, K+, or Nat or 
some anion like ClO,;- or NQOs;-. These ions are 
supposed to be inert, i.e., not to form complexes with 
the ions being studied. If the activity factors are 
held constant, concentrations can be obtained directly 
from e.m.f. measurements, etc., and the law of mass 
action applied using concentrations. This elimination 
of activity factors is essential in the study of compli- 
cated equilibria, especially those in which the reaction 
products are not known a priori, since it reduces the 
number of variables to one half. 

The first use of the constant ionic medium for the 
study of complex forming equilibria appears to have 
been Grossmann’s study of Hg+?—SCN~- complexes 
(28). According to Grossmann, the idea originated 
with Bodlinder sometime before his death in 1904. 
Br¢gnsied (29, 30, 31, 32) published several papers on 
studies of e.m.f. and simple ionic equilibria using an 
aqueous solution of various inert salts in place of water 
as a solvent. In 1927 (32), he stated that the Nernst 
equation, the solubility product, and the mass action 
law in their classical (concentration) form were appli- 
cable in these concentrated salt solutions, because the 
activity coefficients remained practically constant. 
J. Bjerrum (33) used 2 M NH,NO; as a solvent in his 
studies on the complexes between Cut? and NH, 
but this was primarily to prevent precipitation, since 
activity coefficients were not a great problem wit! 
an uncharged ligand like NH;. Since the work of 
Leden in 1943 (6), the constant ionic medium his 
been used frequently for the study of complex form:- 
tion equilibria. 

In most recent researches, ClO,— has been used |» 
furnish the constant ionic medium; however, differe: t 
authors have often used different concentrations { 
perchlorate, which makes comparison of their da‘. 
difficult. NaClO, has usually been added so as > 
make [ClO,-] = 2, 3, or 4 M. Some authors ha 
also attempted to maintain the ionic strength consta: t 
(assuming no association) by the addition of NaCl¢ . 
Since the work of Biedermann and Sillén (34) indicat s 
that activity coefficients of cations are affected main ” 
by variations in the concentrations of anions and vi : 
versa in these concentrated salt solutions, it appe: : 
best to maintain the [ClO,—] constant when measuri: £ 
the concentrations of cations by e.m.f., ete. T° 
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SATIC N 


concept of ionic strength has little significance in these 
concentrated solutions. To permit comparison of 
different experiments, the constant ionic medium with 
[ClO,-] = 3 M is to be preferred. 

An objection to the constant ionic medium has been 
raised since ClO,- may form complexes with certain 
cations, e.g., Fe+* (35); however, it must be remem- 
bered that equilibrium measurements cannot distinguish 
between species with different amounts of solvent. 
For example, one cannot tell of the borate ion of —1 
charge is BO.-, or H:BO,;~. In general some con- 
venient formula is used which should, if possible, 
have structural justification. In NaClO, medium, the 
concentration of the dinuclear tin(IT) hydrolysis prod- 
uct which is written [Sn.(OH).+?] actually means 


It has also been said, cf. Young in “Annual Reviews 
£ Physical Chemistry,” 1952 (36), that AF, AH, and 
AS values calculated from equilibrium measurements 
in a constant ionic medium are not ‘true thermo- 
dynamic values.” The choice of the hypothetical 1 
molal solution in a neutral salt medium, e.g., 3 M 
NaClQ,, instead of in the solvent water does not in- 
validate the laws of thermodynamics, and so these 
constants are as thermodynamically sound as those 
at infinite dilution. It is true, however, that these 
data cannot be combined in calculations with the bulk 
of available thermodynamic data where the standard 
state is defined in the solvent water. 

Although the constant ionic medium has proved to 
be very useful, it cannot be considered a panacea. 
Very little is really known about ionic activity coef- 
ficients in these concentrated salt solutions where the 
activity coefficients are defined as lim f; = lim aye, 
= 1, c; > 0 in the concentrated salt solution. These 
difficulties were pointed out by Leden in a study of the 
complexes between Cd +? and SO,~? (37). Values of the 
complexity constants were determined by measurement 
of [Cd+*] with amalgam electrodes while the ClO,~ 
of the medium was replaced partially with SO,-*. 
In this case the data obtained with the Cd amalgams 
could be fitted by assuming the stepwise reactions 


Cd*? + SO,-? = (24) 
+ = Cd(SO,): ~? (25) 
Cd(SO,)2-? + = Cd(S04)3~4. (26) 


These reactions and the constants calculated gave 
agreement with data obtained from the measurement 
oi [SO,-?] only when [SO,-*] <0.06 M. The validity 
oi these reactions is made even more questionable, 
Siace studies using conductivity and ion exchange 
methods gave no evidence of anionic complexes. It 
must be concluded that part of the effect measured with 
tle Cd amalgam electrode was caused by variations 
in the activity coefficients of Cd+?, and the assumption 
that activities could be replaced by concentrations 
wis not valid. Although it has been observed that 
activity coefficients remain constant over a rather 
la-ge range of salt concentrations in the constant ionic 
medium, this should be verified for the system under 
study. In the investigation of the Cd+? — SOQ, 
complexes, the addition of rather high concentrations 
oi the divalent sulfate ion to the medium apparently 


VOLUME 35, NO. 12, DECEMBER, 1958 


caused slight variations in the Cd+* activity coef- 
ficient. 


(2) Measurements over a Wide Concentration Range 


If one is to accurately determine the composition of 
the complex species present, it is essential to have data 
for a wide range of central ion and ligand concentra- 
tions. As was mentioned earlier, it is necessary to 
have measurements at two or more total metal con- 
centrations to distinguish between mononuclear and 
polynuclear reaction mechanisms. In Figures 2 and 3, 
the equilibrium constants are determined not only 
by the shape of the experimental curves but also by 
their spacing along the abscissa. At one total metal con- 
centration, the data could be equally well reproduced 
by assuming a mononuclear mechanism. 

In general when polynuclear complexes are formed, 
the concentration of the mononuclear species is quite 
low in comparison to the polymers except in very 
dilute solutions. For example, in the hydrolysis of 
tin(II) only about 6% of the total tin(II) or 16% of 
the complexed tin was in the form of the mononuclear 
complex SnOH+ at pH 2.9 and B = 25mM. Ina 
case such as this, the values of the mononuclear con- 
stants cannot be given with great accuracy, since they 
cause only a slight deviation in the data from those 
of a purely polynuclear mechanism. If the composition 
of the mononuclear products and the constants for 
these steps are to be determined, investigations must 
be made at very low total metal concentrations so that 
a measurable fraction of the hydrolyzed species is in 
the monomeric form. In the study of the hydrolysis 
of the indium(III) ion by Biedermann (38), a range of 
concentrations of total indium from 0.0005 to 0.100 M 
was covered. The hydrolysis was found to be described 
by the equations 


In*3 + H.O = InOH*+? + H+, Ku = —442 + 0.05 (27) 

InOH*? + H,O0 = In(OH).+ + H+, Ke = —3.9+0.2 (28) 

(n + 1) In** + 2nH.O = In((OH)In),** + 2nH* (29) 
log kn = log ky +n log k; ko = 0.3, logk = — 4.69 + 0.04 


Only in the samples with the total indium concentration 
<1 X 10-* M indium was a measurable fraction of the 
hydrolysis products in the form of mononuclear 
species. At 1 mM total In, about 50% of the com- 
plexed indium was in mononuclear products at pH 3.7. 


(3) Measurements of High Accuracy 


The importance of having extremely accurate meas- 
urements cannot be overstressed when the equilibria 
of multivalent cations are being studied. It is desirable 
to have an error of less than one part per thousand in 
all of the quantities A, B,a,andb. By the introduction 
of a sufficient number of constants, any set of experi- 
mental data can be explained, and one must guard 
against the “discovery” of fictitious complexes. As an 
example of this problem, it is of interest to consider 
the data for the Cd+*-Cl- complexes. These data, 
summarized from the literature, are given in the follow- 
ing table. The first four papers give approximately the 
same values for the constants calculated for the com- 
plexes CdCl+, CdCl, CdCl,-, and three different 
experimental methods are used. It seems unlikely 
that the solutions actually contain only the set of 


Method Medium 


Cd-Hg 


Solubility 3M NaClO, King (1949) 


Polarographic 3M NaClO, Eriksson (1953) 
3M NaClO, Vanderzee, Dawson (1953) (41) 


Cd-Hg 
Polarographic Variable 


Author 
3M NaClO, Leden (1941-43) 


Reference log Constants 


(5) 
(39) 
(40) 


Korshunov, Malyugina, (42) 


Balabanova (1951) 


Polarographic Variable 


Vasilev, Proukhina (1951) (43) 


complexes CdCl;—, CdCl,—*, and CdCl,.~‘ as given in the 
fifth paper or CdCl+, CdCl, and CdCls~‘ as given in 
the sixth paper. 


SUMMARY 


This paper has discussed the evolution of the pres- 
ently used methods for determining the ionic species 
present in solution and for obtaining the equilibrium 
constants for their formation. Much of the early 
work in this field was done in Scandinavia and is likely 
to be unfamiliar to the American chemist who is not 
an expert in complex chemistry. For this reason it 
has become more and more of a problem for the chemist 
to evaluate critically the wealth of data to be found in 
tables of complexity constants. 

To summarize briefly, the following points may be 
listed as essential to an experiment for the accurate 
determination of stepwise equilibrium constants: 


(1) It is necessary to abandon the aim of obtaining constants 
at infinite dilution when studying complex equilibria where sev- 
eral species exist simultaneously. 

(2) The experimental methods which give the highest accu- 
racy in the determination of complexity constants in an unknown 
system are those which are used to measure the concentration of 
individual species. Of these, e.m.f. methods allow the determina- 
tion of ionic concentrations with great accuracy; polarographic 
methods and distribution studies may also be used where condi- 
tions are favorable. 

(3) Itis necessary to employ a constant ionic medium for the 
study of complicated equilibria in order to eliminate activity 
coefficients as variables. Any limitations that the ionic medium 
method may have are certainly outweighed by this advantage. 

(4) In order to establish definitely the presence or absence of 
polynuclear complexes, it is necessary to study the equilibria 
over a wide range of ligand concentrations for several different 
values of the central ion concentration. The central ion concen- 
trations should also be varied over a wide range. 

(5) Since one must reproduce the experimental data with the 
minimum number of constants and assume that these indicate the 
correct ionic species, it is essential to have highly accurate data 
to avoid the introduction of fictitious complexes. 


Many of the advances in the study. of systems of 
complexes made in the last decade have resulted not 
from the consideration of the chemistry of the inter- 
acting ions and attempts to guess the correct products 
but from a consideration of quantities like Z and Bb! 
as functions of a, b, and a series of undefined parameters, 
the equilibrium constants. In this way the data may 
be analyzed without making assumptions as to the 
products formed. The proper structure of the species 
may then be deduced in favorable cases by a comparison 
of the equilibrium data for the species with X-ray 
crystallographic data on the crystals of the solute under 
study. 

The change from the study of the mathematical 
functions to the study of the experimental data, how- 


ever, necessitates a certain amount of thought about the 
limitations of the experiments which usually allow at 
most about three constants to be determined inde- 
pendently. 
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* CUMULATIVE EXAMINATIONS FOR THE PH.D. 


DEGREE 


Whrniw a rather broad framework of method, the 
first year of the doctoral program in chemistry in most 
American universities is so designed as to perform the 
two functions of the screening of students and the 
laying of the foundations of their graduate training. 
The selection of students with a more than reasonable 
chance of completing the requirements for the Ph.D. 
actually begins with their admission to graduate school 
but the process continues through this probationary 
first year. Usually a series of examinations or a se- 
quence of required courses are involved, or sometimes 
a combination of the two. Although the screening 
process is inseparably interwoven with the pedagogic 
function, it is distinctly not pedagogi¢ in purpose and 
not properly considered as such. This selection process 
is normally completed by the end of the first year of 
graduate studies and, although the examining of the 
students continues, the emphasis changes to one which 
is entirely on training. Consequently, the later ex- 
aminations are designed to measure the extent of 
knowledge and development of a Ph.D. candidate 
who has been previously judged to be capable of meeting 
the requirements for the degree. Such examination 
procedures are the better the more effectively they serve 
as a stimulus for the self-education of the student 
involved in the art of research in his chosen area of 
chemistry. 

A number of such procedures have evolved and are 
in use in first class graduate programs. They may 
involve a single written examination of several hours’ 
duration, a comprehensive oral examination often 
including defense of the thesis on which work is in 
progress, or an oral examination revolving about a set 
of propositions previously chosen and considered from 
« literature point of view by the candidate. In some 
(emistry departments, a combination of these devices 
1iay be employed, but the purpose behind all of these 

' This paper is the first of several to be prepared at the request 
© the Editor to describe the various examination systems in use 
a the graduate schools of chemistry in the United States. These 
*-e published with the hope that the information they contain 
\ ‘ll be useful to undergraduate chemistry majors who are plan- 
1 ng to enter graduate school. Other pertinent information will 
|. found in the Report of the A.C.S. Committee on Professional 
‘raining, ““Doctoral Training in Chemistry,’’ Chem. Eng. News 
53, 56 (Feb. 11, 1957). 
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procedures is the same: the stimulation of the candidate 
to self-training in the art of research by practice in the 
library, in the laboratory, and in the continuous study 
of the current literature. Recently, there has come into 
use in a few institutions the cumulative examination 
system which, in most departments where it has been 
installed, is generally conceded to have a net advantage 
in its favor over the older, more conventional systems. 

Cumulative examinations are a set of short, often 
single question, written examinations in the major 
field of the candidate. They are given at regular 
intervals during the year and the student is expected 
to pass a certain number of these examinations within 
a prescribed time limit, commonly a two to three year 
period. According to the authors’ knowledge, the 
cumulative examination system was first used at 
Harvard University in the late 1940’s. It has since 
been adopted by a few other institutions, e.g., the 
University of California at Los Angeles, and for the 
past seven years has been employed at Northwestern 
University. The detailed description and discussion 
which follow refer specifically to the procedure used 
at this institution. 

In the years intervening since its adoption at North- 
western, there have been minor modifications in the 
system but it remains essentially in its original form. 
The examinations are given eight times during the 
calendar year, including once during the summer, 
on announced dates on Saturday mornings. The 
subject and the author of the examination are un- 
announced. The time allowed to complete the ex- 
amination is one hour. A student is considered to have 
passed the requirement of demonstrated proficiency 
in his major field of chemistry when he has accumulated 
seven passes out of twenty-one consecutive examina- 
tions. Students begin taking these examinations 
after they have passed the qualifying examinations 
at the end of their first year of graduate work, or have 
entered Northwestern with a Master’s degree from some 
other institution. In the latter case, passes are pro- 
visional until the student has passed the departmental 
qualifying examination. 

An examination in a given field is prepared by one 
of the faculty or sometimes jointly by two or three. 
The set of examinations is read by the faculty member 
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responsible for the examination and the papers are 
classified merely as ‘“‘pass’” or “fail.’”? Occasionally 
comments by the faculty member responsible for the 
examination are duplicated and returned to the students 
with their examination papers. Sometimes these 
comments are in the form of an examination paper 
as the grader would have preferred to have had the 
student present it. Because the topic of the examina- 
tion is not announced, the students obviously find no 
advantage in the hectic cramming. procedures un- 
happily associated with most other examinations, and 
a failure in an individual cumulative examination 
does not create the psychological trauma which a failure 
in a comprehensive written final examination produces. 

The response of the students to this type of examina- 
tion has been unanimously favorable. During the 
first two years of its operation here, either the cumu- 
lative examination system or the old-style compre- 
hensive examination could be elected at the option of 
the student. None chose the latter. The cumulative 
examinations have been employed by all divisions of 
the department. Primarily, the absence of the stren- 
uous agitation immediately before and the exhaustion 
immediately following the comprehensive examinations 
makes the cumulative system the system of choice by 
the graduate students and this is one of the principal 
advantages considered important by the faculty. 

At the end of three years of operation the results of 
the new examination system were reviewed. The 
more mature students were found to have been rela- 
tively successful from the beginning, many having 
completed the required seven over a sequence of ten 
to twelve examinations. Only rarely had a student 
accumulated seven passes in fewer than nine examina- 
tions. Of the 533 examinations taken in this period, 
46% were accepted as being of passing quality or better. 
However one-third of the students had failed more 
than 60% of the examinations they had taken. The 
typical student was found to have failed the first 
few examinations but to have become more and more 
successful as he gained experience and maturity in 
his field of interest so that only two or three students 
appeared in danger of not completing the examination 
requirement within a reasonable time. 

Such students who are slow to develop may not pass 
the required seven examinations within a sequence of 
twenty-one. Under these conditions a few of them 
will forfeit credit for examinations passed at an early 
date and may complete all other degree requirements 
before satisfying this one. In the four instances at 
Northwestern where this situation has arisen, the 
students have left to accept full-time. employment 
but have continued to take examinations by returning 
to the university at the designated times. The least 
successful student on record to date failed the first 
eleven examinations and then passed seven of the 
succeeding ten, well within the limit of twenty-one 
consecutive examinations but several months after he 
had completed the rest of his Ph.D. work and had 
left the university. Three students out of a total of 
nearly 150 have forfeited a total of four examinations 
since the system has been in operation. 

In comparing the cumulative examination system 
with the more traditional comprehensive examination, 
one can point to the following advantages of the former: 
greater psychological satisfaction on the part of the 


students as mentioned above; less effort on the part 
of the faculty since a given faculty member may be 
involved only once every few months and then only 
in writing and reading a single question; above all, 
the cumulative examination system encourages the 
student in his maturing effort to attain a deeper under- 
standing of his particular field of chemistry. 

The following are typical questions that have been 
given in the four principal fields at Northwestern. 


Analytical Cumulative Examination 
November 6, 1954 


Discuss the principles and the applications of amperometric 
titrations, including the following points: (1) basic theory, (2) 
apparatus, (3) technique for carrying out the titration and for 
locating the equivalence point, (4) types of titration curves ob- 
tained, (5) types of electrode systems which may be used, includ- 
ing examples of systems involving two ‘‘polarizable’’ electrodes 
as well as those with only one such electrode, (6) advantages and 
limitations. Illustrate your discussion with suitable specific 
examples. 


Inorganic Cumulative Examination 
November 5, 1955 


1. Outline various methods which have been used to prepare 
compounds containing elements in unusual oxidation states. 
Give a specific example for each method. 

2. Assume that you have prepared a compound which you 
believe to be Cu,0;. What experiments would you perform to 
prove that this compound is actually copper(III) oxide? 


Physical Cumulative Examination 
October 6, 1956 


Suppose that a molecule has a relatively low-lying excited 
electronic energy level of energy e above the lowest level and each 
of these two levels has statistical weight unity. Higher levels 
will be neglected. Starting with the Boltzmann distribution 
law, derive the expressions for electronic energy and electronic 
heat capacity per mole as functions of temperature. Sketch the 
appearance of the curves of these functions plotted against 7’. 


Organic Cumulative Examination 
February 1, 1958 

The following descriptions are adapted from ‘“‘Communica- 
tions to the Editor’’ which have appeared in the Journal of the 
American Chemical Society: 

1. (60) Through the condensation of the potassio derivative 
of 2-carbethoxycyclohexanone with 2-bromoethylphthalimide was 
obtained a viscous oil, I, which without purification was hy- 
drolyzed with boiling conc. hydrochloric acid to II, CsHis:N. 
Over Adams catalyst in ethanol, II took up one mole equivalent 
of hydrogen. Treatment of II with phenylacetyl chloride under 
the Schotten-Baumann conditions afforded an 80% yield of 2- 
(8-phenylacetamido-ethy])-cyclohexanone, III. When heated for 
24 hours at 100° with excess polyphosphoric acid, III was con- 
verted in 60% yield to 8-oxocrythrinane, m.p. 132°-133°, CisH,:- 
ON, IV whose structure was deduced from the following evi- 
dence: 

(a) its infrared spectrum shows a peak at 6.14 which is charac- 

teristic of a disubstituted amide carbonyl group; 

(b) it is unaffected by prolonged heating in concentrated hy- 
drochloric acid, a behavior inconsistent with an acyclic 
amide structure; 

(c) when treated with LiAIH, in boiling ether it is converte! 
in 70% yield to a base, CisH2 N; 

(d) on vigorous oxidation with nitric acid it yields phtha! - 
acid. 

Draw structural formulas for compounds IT and IV. 


2. (40) Treatment of 21-acetoxy-4,9(11),16-pregnatriene-: - 
20-dione(I) with OsO, in benzene afforded 21-acetoxy-16-a,17« - 
dihydroxy-4,9(11)-pregnadiene-3,20-dione, II. Acetylation of ! 
gave a diacetate, III, which with N-bromoacetamide and 10‘ 
perchloric acid yielded a 9a-bromo-116-dihydroxy derivativ 
IV. On refluxing with sodium acetate in absolute alcohol cor. - 
pound IV gave a 9,1l-oxide compound, V, CssH3:0s. Nan: 
compound V and draw a structural formula for it (indicate t! 
stereochemistry at each carbon atom). 

(Pregnane is a 17-ethylperhydrocyclopentanophenanthrene). 
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EDTA AND COMPLEX FORMATION 


By ruere nature general textbooks often lag by many 
years in their inclusion of salient advances in analytical 
reagents. Teachers are aware of this lag when con- 
fronted with the necessity of up-dating lectures and 
courses. Often this requires tedious collection and 
digestion of data scattered through the world literature. 
Such is the case with EDTA. Only a few current 
textbooks devote space to this versatile titrant, mask- 
ing agent, and chromogenic agent. A few books 
confine their remarks to the EDTA titration of water 
hardness, but give only limited background information 
even for this special application. 

It is the purpose of this paper to aid in resolving this 
problem by presenting some integrated experiments 
designed to serve as a general introduction to water- 
soluble chelates, and especially to EDTA and its use 
in analytical chemistry. These experiments also deline- 
ate some special aspects of metal complexes that are 
sometimes a source of practical difficulty, and that, on 
the other hand, can sometimes be applied to advantage 
in chemical analysis. The experiments are scaled to 
serve as lecture demonstrations; however, they can be 
readily adapted to student use by employing the same 
reagent solutions and reducing the volumes employed 
appropriately (with the exception of Experiment IX 
which can be performed as given). 

All of the reagent solutions, with two exceptions, can 
be readily prepared from reagent chemicals available 


Steric Configuration of a Divalent Cation-EDTA Complex 
(After Martell) 
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in most instructional laboratories. The two special 
reagents, disodium ethylenediaminetetraacetate dihy- 
drate and Eriochrome Black T (rio T for short), are 
readily available through laboratory supply houses. 

The intention is not merely to give “cook-book” 
recipes but also to provide some background informa- 
tion by discussion of the experimental phenomena. 
This information can only be presented briefly and in 
summary form. Hence, a selected bibliography is ap- 
pended that cites some relevant monographs (/-—4), re- 
views (5-11), trade literature (12-14), and a few papers 
of historic interest (10, 15-17). 

EDTA is the alphabetic designation for ethylene- 
diaminetetraacetic acid or its anion form ethylene- 
diaminetetraacetate. 


HOOC-H,C CH,-COOH 
HOOC-H:C CH,-COOH 
Ethylenediaminetetraacetic acid 


NaQOC-H.C CH,-COONa 
| 


HOOC-H:;C CH,-COOH 
Disodium ethylenediaminetetraacetate dihydrate 


Because of the very low water solubility of the free 
acid, a solution of the disodium salt is usually employed 
as the reagent. The usefulness of EDTA stems from 
the presence of six ligand groups which permits bond- 
ing with an equal number of coordination positions of a 
metal ion. In almost all cases a 1:1 metal-EDTA 
complex (chelate) is formed and in a single step. The 
presence of carboxylic acid groups confers water solu- 
bility on such metal complexes. The steric configura- 
tion (18) of a metal-EDTA complex is shown in the 
figure. A fuller treatment of the theoretical back- 
ground for the use of EDTA will be found-in works 
cited in the bibliography (1-4, 10—11,16-18). 

The following sections of this paper present the direc- 
tions for the preparation of the required reagents, 
followed by the experiments. The experiments are 
arranged so that the principles or phenomena to be 
studied are briefly summarized followed by working 
directions into which are interpolated brief statements 
concerning the observations. 

The final experiment (IX) is an actual EDTA titra- 
tion. Rather than a study of the simple titration of a 
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single metal ion in pure solution, a slightly more com- 
plicated example has been selected which familarizes the 
student with such phenomena as indicator-blocking and 
masking. This titration can be performed either as a 
lecture experiment or as an actual student laboratory 
determination (using, if desired, “unknown’’ solutions 
or mixtures of magnesium and iron(III) salts). 


REAGENTS 


The following directions yield ameunts sufficient to 
conduct Experiments I through VIII twice, and Ex- 
periment IX about twenty times if it is to be conducted 
quantitatively as a student exercise. All chemicals 
employed should be of reagent grade. 


EDTA, 0.1 M. Dissolve 18.6 g. of disodium ethylenediamine- 
tetraacetate dihydrate; dilute to 500 ml. with H.O. 

Stock water. Use exclusively water free of metal ions, either 
carefully redistilled or deionized via cation exchange. (Often 
‘distilled’ water contains interfering amounts of metals.) For 
demonstration purposes (i.e., except in Expt. IITD or in Expt. 
IX, when conducted quantitatively), ordinary distilled water 
may be used if interferences are excluded by addition of 5 drops 
of 0.1 M EDTA per liter. 

Erio T solution. Dissolve 0.1 g. of Eriochrome Black T in 25 
ml. of methanol (must be freshly prepared); alternatively, use 
a 1:100 ground mixture with NaCl (indefinitely stable). 

Buffer, pH 10. Dissolve 35.0 g. of NH,Cl in 200 ml. aqueous 
NH; (taken directly from supplier’s bottle); dilute to 500 ml. 
with H,0. 

Buffer, pH 5. Dissolve 21.8 g. of sodium acetate trihydrate 
and 5.2 ml. of glacial acetic acid in H,O; dilute to 250 ml. with 
H,O. 

Buffer, pH 3. Dissolve 2.7 g. of sodium acetate trihydrate in 
19.2 ml. of 1 M HCl; dilute to 100ml. with H,0. 

Metal salt solutions. Prepare 100 ml. of 0.1 M aqueous solu- 
tions of the following salts: BaCl., Cr(NOs3)3, Ni(NOs3)2, KeCr.0;, 
Zn(NOs3)2, and 200 ml. of the following: Mg(NOs;)2, FeCl. 

Bismuth nitrate, 0.1 M. Dissolve 4.9 g. of Bi(NO;)3-5H.O in 
3 ml. of coned. HNO; and 10 ml. of H,O. When solution is com- 
plete, dilute to 100 ml. with H,O. (Do not employ heat to effect 
solution.) 

Other solutions include methyl] orange (0.1 g./100 ml. of H,0), 
100 ml. 15% KI, 10 ml. 10% (NH4,).80,, 100 ml. 1 M NaOH, 
100 ml. 1 M HCl, 3% H.202. 

Solid reagents ‘include KCN, tartaric acid, ascorbic acid (re- 
agent or U.S.P.). 

Standard Solutions for Expt. IX. Use only dnleniend or redis- 
tilled water in the preparation and comparison of the following 
standard solutions. 

EDTA, 0.0100 M. Dry about 4 g. of reagent grade disodium 
ethylenediaminetetraacetate at 80°C. for about 2 hours. Weigh 
accurately 3.722 g. of this dried material, dissolve in and dilute 
with H,O to one liter in a volumetric flask. Transfer the solu- 
tion at once to a polyethylene bottle for storage. 

Magnesium nitrate standardized soln. Dilute 50 ml. of the 0.1 
M Mg(NO;). to 500 ml. with H,O. Compare this solution with 
the 0.0100-M EDTA as follows: Pipet 25 ml. of this Mg(NO;)2 
solution into a 100-ml. beaker, add 10 ml. of pH 10 buffer, and 
dilute to 50 ml. with H.O. Add a few crystals of KCN (to avoid 
any possible indicator blocking by trace heavy metals), a few 
drops of Erio T solution, and titrate with the 0.0100 M EDTA 
until the last tint of red has just disappeared. Preferably warm 
the solution slightly during the titration because the rate of 
reaction between the magnesium-indicator complex and EDTA 
is somewhat slow at room temperature. (One ml. of 0.0100 M 
EDTA = 0.2432 mg. of magnesium.) 


EXPERIMENTS 
Experiment I. The Metal Indicator 


Metal indicators are sensitive to changes in pM, 
that is, the negative logarithm of the concentration of 
the “free” metalion. (The “free’’ metal ion, of course, 
may be in the form of such solution complexes as acetato, 
chloro, aquo, etc.) Metal indicators form complexes 


with various metals that differ markedly in color from 
that of the free, “unmetallized” indicator. Meta’ 
indicators in general also show more or less pronouncec 
color changes with changes in pH. The present ex- 
periment demonstrates the metal indicator activity o: 
Erio T as well as its pH-sensitivity. This dye shows : 
wine red color in strongly acidic solution, which passe: 
to a dark blue color in the pH interval 6 to 7, and thi: 
to a red at 11 to 12. The metal complexes formed by 
the dye in the pH range of about 6.5 to 11, are usually) 
red. 


In each of five vessels place 90 ml. of stock H.O and 3 drops o 
Erio T solution and stir. Use these solutions in the followin;: 
experiments. 

Exzpt.IA. To the first vessel add 10 ml. of pH 10 buffer. Stir 
Note the blue solution color. 

Ezxpt.IB. To the second vessel add 10 ml. of 1 M HCl. Stir. 
Note the red color. 

Expt. IC. To the third vessel add 10 ml. of 1 M NaOH. 
Stir. Note the red color and contrast the shade developed in 
Expt. IB. 

(If desired, a single solution of the dye may be carried through 
the changes in color; however, the progressive dilution creates a 
difficulty. Further, the colors developed in Expts. IA through 
IC can be used for comparison purposes in further experiments 


Before performing the following experiments, ex- 
plain that the use of a buffered medium assures that no 
change in hydrogen ion concentration occurs, and that 
therefore color changes observed must be due to a re- 
action of the metal ion with the dye (metal indicator). 
The sensitivity of the reaction of metal ions with Erio T 
is amazingly high. Even 10~7 or 10-§ M Mg(NO;), 
solutions give a faint red tint (see also Expt. ITID). 


Expt. ID. To the fourth vessel, add 10 ml. of pH 10 buffer. 
Stir. Note the color is the same as that in Expt. IA. Now add 
one drop of 0.1 M Mg(NOs;)2. Note the immediate color change 
from blue to red. 

Expt. IE. Repeat Expt. ID substituting one drop of 0.1 M 
Zn(NOs)2. Note the color change from blue to a red differing 
somewhat in shade from that obtained in Expt. ID. 


Before performing the following experiment, it may 
be explained that a metal and hydrogen ion (both 
cations) compete for the metal indicator. Hence, a 
pH range must be selected in which the metal can 
compete successfully if the dye is to serve for ra detec- 
tion of a metal. 


Expt. IF. Add one drop of 0.1 M Zn(NOs)2 to the solution 
from Expt. IB (i.e., the second vessel). Note that the solution 
color is unchanged. 


Experiment II. Metal Complex Formation 


EDTA reacts with many polyvalent metal ions to 
form water-soluble metal complexes. EDTA is a 
tetrabasic acid. Two hydrogens have strongly aci:ic 
properties: the other two are only weakly acidic. ‘The 
anion species predominating in about neutral solution 
may therefore be written as H,Y~*. If complexation 
occurs, this anion is engaged completely and hydrog »p 
ion is liberated. This can be expressed for a dival: it 
metal ion, M*?, in the form of the following equation 


M* + H,Y-*= MY-* + 2H* 


It may be explained that the further this react: 
proceeds to the right, the greater is the stability of | 
metal complex, and the greater the acidity produc J. 
Under certain circumstances this increase in acid ty 
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can serve as a basis of calculating the stability constant 
of the metal-EDTA complex. 

The phenomenon of complexation is demonstrated in 
the following experiments in two ways: The increase in 
acidity on the mixing of neutralized solutions of a metal 
salt and of EDTA is visualized by use of an acid-base 
indicator. Further, the formation of a colored metal- 
EDTA complex is shown. 


Expt. ITA. Add 10 ml. of 0.1 M Zn(NO;)2 and 3 drops of 
nethy] orange solution to 90 ml. of stock H,O. Prepare a second 
olution containing 10 ml. of 0.1 M EDTA, 3 drops of methy] 
range solution, and 90 ml. of HO. Note that both solutions 
re yellow (if not, add aqueous NH; dropwise as necessary). 
Now pour both solutions simultaneously into a large beaker or a 
arge cylinder. Note the color change from yellow to red. (If 
iesired, in a parallel experiment the Zn(NO;)2. and EDTA solu- 
‘ions can be mixed without addition of methy!] orange, thus ascer- 
iaining that the zinc-EDTA complex is colorless.) 


The color of the EDTA complex of some metals is 
different from that of the “free” metal ion. This can 
serve to demonstrate complexation. (Reference to the 
classical complexation of copper(II) with ammonia may 


be expedient.) 


Expt. IIB. To each of two vessels, add 10 ml. of 0.1 M 
Ni(NOs;)2, 20 ml. of pH 5 buffer and 60 ml. of stock H.O. Note 
the green solution color of the ‘free’ nickel ion. To one vessel 
add 10 ml. of 0.1 4 EDTA. Note the color change from green 
to blue indicating formation of the nickel(II)-EDTA complex. 
To the second vessel add 10 ml. of stock H.O so that the final 
volumes are identical in both vessels. Save both solutions for 
comparison purposes in Expt. IV. : 

Expt. IIC. Toa third vessel add 10 ml. of 0.1 M EDTA, 20 
ml. of pH 5 buffer, 60 ml. of H,O, and then 10 ml. of 0.1 M 
Ni(NO;)2. Note the formation of the blue color of the nickel(II)- 
EDTA complex, thus indicating that the order of the addition 
of reagents has no effect. 

Complexation is also demonstrated by formation of a colored 
chromium(III)-EDTA complex in Expt. V. If an additional 
experiment is desired, the pink cobalt(II)-EDTA complex may 
be developed in stock H.O buffered to pH 10. 


Experiment III. Complexation and the Metal Indicator 


The formation of a metal complex by the metal in- 
dicator Erio T as seen in Experiment I is an example of 
complexation. The following experiments demonstrate 
how EDTA, by forming a stronger complex, can ab- 
stract a metal from its complex with this indicator. It 
may be explained that this is the basis of a visual detec- 


tion of the end point in the EDTA titration. This 


titration was introduced by G. Schwarzenbach (15-17), 
and Expt. ITID was originally suggested by him (1/7). 


Expt. IIIA. Add 5 ml. of 0.1 M Mg(NO;)2 to 90 ml. of stock 
H,0 and then 10 ml. of pH 10 buffer. Now add 10 ml. of 0.1 M 
EDTA. Note the solution remains colorless; hence, the mag- 
vesium-EDTA complex is colorless. 

Expt. IIIB. Add 3 drops of Erio T solution to 90 ml. of stock 
water and then 10 ml. of pH buffer. Note the blue color of the 

free” dye (as already seen in Expt. IA). Now add 10 ml. of 
(.1M EDTA. Note the color is not changed; hence, there is 
no “eomplication’’ due to a color reaction of the dye with EDTA. 

Expt. ITIC. Add 3 drops of Erio T solution to 90 ml. of stock 
i1,0 and then 10 ml. of pH 10 buffer. Now add 5 ml. of 0.1 M 
\Ig(NOs3)e. Note the red color of the metal-dye complex (as 
‘ lready seen in Expt. ID). Now add an amount of 0.1 M EDTA 
creater than 5 ml. Note that the color reverts to that of the 
“free” (unmetallized) dye. (If desired, the mobile character of 
‘he system can be demonstrated by alternate additions of the 
inetal salt and EDTA solutions.) 


} The release of metal ions (mainly calcium) from soft 
_lass is an impressive demonstration of the sensitivity 
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of a metai indicator and also emphasizes the principles 
illustrated in Expt. IIIC. The following experiment 
also delineates that soft glass vessels should be avoided 
in analytical work with EDTA and metal indicators, 
especially on the micro scale and with dilute solutions. 


Expt. IIID. Take a soft glass container of capacity greater 
than 100 ml., preferably a new bottle not yet placed in use. 
Rinse thoroughly with redistilled or deionized H,O( not with the 
prepared stock H,O containing EDTA). Place 80 ml. of redis- 
tilled or deionized H,O in the bottle, and add 10 ml. of buffer 
pH 10 and 2 drops of Erio T solution. The solution should 
develop a blue color. If not, add a very dilute EDTA solution 
(obtained by 1:5 dilution of 0.1 M EDTA) dropwise until the 
blue is just reached. Allow to stand for a short time. Observe 
the reappearance of the red color due to release of calcium ions 
from the glass. Add afew more drops of diluted EDTA solution 
and repeat the process. Take a soft glass rod and scratch the 
inside wall of the container. Note the rapid reappearance of the 
red color because the scratched surface delivers large amounts of 
ions. 


Experiment IV. Stability of Complexes 


Experiment IIIC demonstrated the difference in the 
stability of the complex of a single cation, namely 
magnesium ion, with two different complexing agents, 
namely a metal indicator and EDTA. The following 
experiment demonstrates the difference in the stability 
of the complex formed by a single complexing agent, 
namely EDTA, with two different metals. The experi- 
ment is based on the addition of nickel(IT) to a bismuth- 
EDTA solution; the color of the nickel(II)-EDTA 
complex does not appear indicating the greater stability 
of the bismuth-EDTA complex. 


Expt. IVA. Add 10 ml. of 0.1 M EDTA to 10 ml. of 0.1 M 
Bi(NO;)3._ Dilute with 50 ml. of H,O and add 20 ml. of pH 
5 buffer. Note that the solution is colorless and hence that the 
bismuth-EDTA complex is colorless. Now add 10 ml. of 0.1 M 
Ni(NO;)2. Note that the solution color is (sea) green, not blue, 
and that therefore the nickel(II)-EDTA complex is not formed 
(compare results and solutions from Expt. 1IBandIIC). (In this 
experiment use reasonable care in measuring the volumes of bis- 
muth nitrate and EDTA solutions to assure that the bismuth 
ion is not in excess; otherwise a turbidity may appear.) 


The following experiments demonstrate how the rela- 
tive stability of the complexes formed by nickel with 
Erio T, EDTA and cyanide can be ranked on the basis 
of simple color reactions. Attention may be called 
to the fact that stability constants relate to equilib- 
rium conditions and that false impressions may be 
reached if reaction rates are not appreciated (see also 
Expt. V). If desired, it may be explained that Expt. 
IVB is an example of so-called indicator “blocking” 
and that the nickel-Erio T complex dissociates only 
very slowly. 


Expt. IVB. Add 5 ml. of pH 10 buffer and 3 drops of Erio T 
solution to 95 ml. of stock H.O Add 2 drops of 0.1 M Ni( NOs). 
Note the red color indicating the formation of the nickel(II)-dye 
complex. Add 0.1 M EDTA dropwise until an appreciable 
excess (more than 15 drops) is present. Note that the color of 
the solution is unchanged. Allow to stand for 15 to 30 minutes, 
note the blue color of the free dye is slowly attained. (A similar 
solution, containing only 4 drops of 0.1 M EDTA will undergo 
the color change in 3 to 4 minutes when warmed to about 70°C., 
due to the increase of reaction rate with temperature.) 

Expt. IVC. Add 5 ml. of pH 10 buffer and 3 drops of 0.1 M 
EDTA to 95 ml. of stock HO. Add 2 drops of 0.1 M Ni(NOs)>. 
Now add 3 drops of Erio T solution. Note the blue color of the 
“free” dye. 

Expt. IVD. Add 5 ml. of pH 10 buffer and 3 drops of Erio- 
chrome Black T indicator solution to 95 ml. of stock H,O. Add 
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2 drops of 0.1 M Ni(NOs;)2. Note the red solution color. Ex- 
plain that this is identical with the initial step in Expt. IVB. 
Now add only a few crystals of KCN. Note the immediate 
change to the blue color of the free dye. 


Explain that the formation in solution of the nickel 
tetracyanide complex so that the reactions of the nickel- 
dye or the nickel-EDTA complexes are excluded is an 
example of “masking.” Explain that the series of re- 
actions of Expt. IVB, IVC, and IVD suggest the follow- 
ing stability series for the nickel complexes: Ni(CN),~? 
>>Ni-EDTA > Ni-dye. : 


Experiment V. Rate of Complexation 


Metal-EDTA complexes generally form almost in- 
stantaneously from the “free”? metal ion or at least 
rapidly. However, a few exceptions are known includ- 
ing that of chromium(III) which is considered in the 
following experiments. The first experiment also 
demonstrates that complexation reactions follow the 
general rule of increasing reaction rate with increasing 
temperature. The experiments also provide a further 
example of the formation of colored EDTA complexes. 


Expt. VA. In each of two vessels, place 95 ml. of stock H,O, 
5 ml. of pH 3 buffer and 1 ml. of 0.1 M Cr(NOs3)3. Note the light 
green solution color. To each solution, add 2 ml. of 0.1 M 
EDTA. Note that no change in color occurs. Heat one solu- 
tion and note the formation after several minutes of the deep 
violet color of the chromium(III)-EDTA complex. Save the 
solutions for comparison in Expt. VB and for use in Expt. VITIB. 


If it is desired to explore this rate phenomenon further, 
the following experiment is especially instructive. If 
chromate ion is reduced by ascorbic acid in the presence 
of EDTA, the chromium(III)-EDTA complex appears 


without delay. During the reduction free chromium- 
(III) ion (or possibly a fast-reacting chromium- 
ascorbate complex) is formed which complexes with 
EDTA before the acetato complex can be formed. 
This suggests that in Expt. VA the rate-determining 
step is the release of chromium from the acetato, 
aquo, or other complexes. 


Expt. VB. Mix 0.5 ml. of 0.1 M K;Cr,0;, 5 ml. of pH 3 buf- 
fer, and 95 ml. of stock HO. Add 2 ml. of 0.1 M EDTA. Add 
a few crystals of ascorbic acid. Stir. Note the rapid develop- 
ment of the violet color of the chromium(IIT)-EDTA complex. 


Experiment VI. Redox Effects and Complexation 


If a metal exists in two valencies and the complexes 
of these two species with a given complexing agent differ 
sufficiently in stability, then a marked change in the 
redox potential occurs when the complexing agent is 
added to the redox system. This can be demonstrated 
by a redox reaction. The following experiment demon- 
strates the marked effect of EDTA on the Fet+*/Fet? 
couple associated with the much higher stability of the 
iron(III)-EDTA complex. for the Fet+*/Fet 
couple is 770 millivolts. E° for the FeY—!/FeY~? 
couple is only 117 millivolts! 


Expt. VIA. Mix 10 ml. of pH 3 buffer, 6 ml. of 0.1 M FeCl, 
(prepared on day of use), 40 ml. of water (not stock water), and 40 
ml. of 15% KI solution. Note the brown color of free iodine 
produced by the oxidation of iodide ion by iron(III). Add 10 
ml. of 0.1 M EDTA. Note the color change to yellow due to 
formation of the iron(III)-EDTA complex and reduction of 
iodine to iodide. (The color of this complex may be demon- 
strated unambiguously by repeating the experiment substituting 
water for potassium iodide solution.) The experiment should be 
performed rapidly; slight oxidation of iron(II) by the air may 
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occur and hence a small amount of iodine may remain unreduced 
at the end of the experiment (a starch test is feebly positive). 


Experiment VII. Complexation and Precipitation 


The concentration of a free metal ion in a solution 
containing a complexing agent is governed by the sta- 
bility of the complex formed. If a precipitating agent 
for this free ion is now added to the solution, no pre- 
cipitate will form unless the solubility product is ex- 
ceeded. In other words, the action of the precipitating 
agent can be “masked” by the complexing agent. 
Further, if a solution complex is sufficiently stable, a 
precipitate may be redissolved by the action of the com- 
plexing agent. Of course, these phenomena have long 
been used in analytical chemistry (e.g., complexing 
cadmium with cyanide as a confirmatory test in the 
presence of copper, the dissolution of silver chloride by 
ammonia). However, such phenomena can be realized 
with EDTA even with barium sulfate, which is often 
considered “absolutely insoluble.” 


Expt. VIIA. In each of two vessels mix 85 ml. of stock water, 
5 ml. of 0.1 M BaCh, and 10 ml. of pH 10 buffer. To the first 
solution add 2 drops of 10% (NH4)2SO, solution. Note the 
turbidity. Allow this solution to stand. To the second solu- 
tion, add 10 ml. of 0.1 M EDTA. Stir and add 2 drops of 10% 
(NH;,),SO, solution. Note that no turbidity occurs. Now add 
to the first solution 10 ml. of 0.1 M EDTA. Allow the solution 
to stand for 2 to 5 minutes with occasional stirring. Note 
the turbidity disappears. 


As implied by equation (1), the greater the hydrogen 
ion concentration the lower the stability of a metal- 
EDTA complex. The following experiment demon- 
strates that the stability of the barium-EDTA complex 
at pH 5 is too small to prevent the precipitation of 
barium sulfate. 


Expt. VITB. Mix 85 ml. of stock water, 5 ml. of 0.1 M BaCl,, 
10 ml. of pH 5 buffer, and 10 ml. of 0.1 M EDTA. Stir and then 
add 2 drops of 10% (NH4)2SO;, solution. Note the turbidity. 


Experiment VIII. Formation of Mixed Complexes 


All the metal-EDTA complexes considered to this 
point have been so-called “normal” complexes and can 
be expressed as MY (neglecting charge). In addition, 
“mixed’”’ complexes are of importance. These include 
hydrogen complexes, HMY, hydroxo complexes, 
M(OH)Y, and peroxo complexes, M(H202)Y. The fol- 
lowing experiments consider the formation of mixed 
complexes in the case of iron(II) and chromium(III). 
The yellow-colored iron(III)-EDTA complex passe 
in alkaline solution to the brown iron(III)-hydroxo- 
EDTA complex and this by the action of hydrogei: 
peroxide to the violet iron(III)-peroxo-EDTA complex. 


Expt. VIITA. To each of two vessels, add 1 ml. of 0.1 J/ 
FeCl, 1 ml. of pH 3 buffer, and 85 ml. of HO. To the secon’ 
solution only, add 10 ml. of 0.1 M EDTA. Now add 10 ml. © 
pH 10 buffer to each solution. Note in the first solution - 
change from faint to bright yellow followed by precipitation © 
iron (III) hydroxide. Note in the second solution that no pri 
cipitation occurs and that the solution changes in color from : 
yellow to a brown color. Now add to each solution 10 drops © 
3% H.0: Note that no change is apparent in the first solutio1 
and that the second solution becomes deep violet in color. 


In Expt. VA, the violet-colored chromium(III) 
EDTA complex was produced in acidic medium. If th: 
solution is made alkaline, the blue-colored chromium. 
(III)-hydroxo-EDTA complex is obtained. 
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Bn VIIIB. Repeat Expt. VA or employ the violet solution 
from that experiment. To that solution, add 20 drops of 
1 M NaOH. Note the color change from violet to blue. 


Cxperiment IX. The EDTA Titration 


An EDTA titration to a visual end point is demon- 
strated in principle in Experiment III. An applied 
example that may be performed either as a lecture 
demonstration or as a student exercise is the titration of 
niagnesium in the presence of large amounts of iron. 
The latter is masked by conversion to the ferrocyanide 
in. This example is particularly instructive as most 
o: the steps involve color changes. 

In the masking of iron(III), cyanide must be added 
i alkaline solution so that formation of hydrocyanic 
acid is avoided; however, iron(III) hydroxide would 
then precipitate. This difficulty is avoided by first 
aiding tartrate ion to form the soluble iron(III)- 
tartrate complex. This complex is then reacted with 
cyanide ion in alkaline medium to form ferricyanide 
ion. However, this latter ion will oxidize Erio T and 
thereby destroy its indicator action. Ferricyanide is 
therefore reduced to ferrocyanide by the action of 
ascorbic acid. This is a slow reaction; hence, warming 
is necessary. (If applied materials are being analyzed, 
ferrocyanide ion may form insoluble salts with some 
cations; in that case, dilute the solution sufficiently or 
employ a back-titration, that is,add an excess of EDTA 
and back-titrate with a metal salt solution such as 
magnesium nitrate.) As the rate of reaction of mag- 
nesium-indicator complex and EDTA is somewhat slow 
at room temperature, it is preferable to titrate the solu- 
tion while itis warm. Calcium, manganese(II), lead, or 
zine can be titrated in exactly the same way (and, if 
present, will be co-titrated with magnesium). 

For a quantitative experiment, employ the standard 
EDTA and magnesium nitrate solutions given under 
“Reagents.” For a semiquantitative demonstration, 
merely dilute the 0.1 4 EDTA and Mg(NO;), solutions 
tenfold. 


To a measured amount (10 to 30 ml.) of standard Mg(NO;)2, 
add some 0.1 M FeCl, (2 to 4 ml.) and dilute to a volume of 
about 50 ml. (More iron can be tolerated without interference, 
but the amounts of reagents added in the masking step must 
then be increased.) Neutralize the diluted sample solution by 
dropwise addition of dilute NaOH (1 M NaOH diluted 1:5 with 
H:O) until a slight turbidity of iron(II]) hydroxide persists. 
Remove the turbidity with a few drops of dilute HC] (1 M HCl 
diluted 1:5 with HO). Add about 0.3 g. of tartaric acid. Note 
the bright yellow solution color (iron(III)-tartrate complex). 
Add 20 ml. of pH 10 buffer. Note that the color fades. (If 
a turbidity occurs, an insufficient amount of tartrate was added.) 


Add about 0.2 to 0.3 g. of KCN. Note that the color turns 
bright yellow (ferricyanide formation). Add about 0.1 g. of 
as: orbie acid. Note that the color turns to yellow-brown (mixed 
ferri-ferrocyanide). Dilute the solution to a volume of about 
15 ml. with H,O and heat almost to boiling. Note that the 


color fades gradually to a faint yellow or to almost colorless: 


(fe-rocyanide formation). (If performed as a lecture demonstra- 
tion, the volume may be increased to 250 ml. or more and hot 
water used for the dilution.) 


Now add a few drops of Erio T solution. (If added before 
recuction of the ferricyanide is complete, the indicator will be 
ox lized.) Titrate while the solution is warm with 0.0100 M 
El TA until the last tint of red has just disappeared and the 
so) ition color is blue. (One ml. of 0.0100 M EDTA is equivalent 
to 0.0100 — oles of the metal titrated or to oom mg. of 
m: gnesium. 
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SOME IMPLICATIONS OF THE EXPERIMENTS 


Some of the more direct implications of these ex- 
periments for analytical chemistry may be summarized. 
Complexation of metals by EDTA is delineated in Ex- 
periment ITI, and in the nine experiments EDTA com- 
plexes are produced with eight cations. The use of 
EDTA as a titrant in the EDTA titration is demon- 
strated in principle in Experiment III and in detail in 
Experiment IX. The behavior of a metal indicator and 
its use in the detection of the end point are explored 
in Experiments I through IV. The use of cyanide as 
a masking agent in the EDTA titration is studied in 
Experiments IX and IV. The use of EDTA as a 
masking agent is demonstrated for a precipitation in 
Experiment VIIA and for the reaction of a metal with 
a chromogenic agent (Erio T) in Experiment III. The 
use of EDTA as a solubilizing agent is illustrated in 
Experiment VIIB. 

The ability of EDTA to alter the redox equilibrium 
of a metal system is demonstrated in Experiment VI. 
This ability finds use in polarography, electroanalysis, 
and in the EDTA titration in the detection of the end 
point electrometrically or by the use of redox indicators. 

Colored metal-EDTA complexes obtained in Experi- 
ments II, IV-VI, and VIII suggest how EDTA can 
serve as a chromogenic agent in photometric deter- 
minations, detection tests, and in photometric EDTA 
titrations in which no auxiliary color-former is added. 
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NOTATIONS IN PHYSICS AND CHEMISTRY 


No rewer than five different kinds of notation 
have been used in physics and chemistry. These will 
be described in turn. The first is the best; the second 
is correct but restrictive; the third is cumbrous; the 
fourth is intolerable; the fifth is even worse. 


I 


The characteristic feature of this notation, in contrast 
to the other four, is that each symbol denotes a physical 
quantity, not its measure in terms of particular units. 
It is therefore sometimes called “quantity calculus.” 
It has also been called ‘‘equations of quantities.’”’ The 
present author was taught it as a school boy by Alfred 
Lodge who had described it in an article entitled 
“The multiplication and division of concrete quanti- 
ties.””! The advantages of this notation have been 
emphasized by Henderson? who attributed it to Stroud. 
This notation has been used by some of the greatest 
theoretical physicists, in particular Planck and Som- 
merfeld. Its use is spreading, but surprisingly slowly. 
Most people who understand this notation like it and 
use it. The power of quantity calculus will be illus- 
trated by several applications later on. At this stage the 
notation’ will be illustrated by a single example, the 
equation of state of a perfect gas PV = RT. Here P 
denotes the pressure, V the molar volume, FR the gas 
constant, 7 the absolute temperature. For the pres- 
sure we might write, for example, 

1.2 atm. 

91.2 cm. Hg 

0.912 m. Hg 

1.216 X dyne cm.~? 

0.1216 J. 

1.216 X 10° g. cm.—! 

or alternatively for the measure of this pressure in 
atmospheres we write P/atm. = 1.2 but under no 
circumstances may P, in quantity calculus, be equated 
to a pure number. Likewise we may write of the gas 
constant: 

R = 8.31 J. deg.-! mole 

= 8.31 X 10" erg deg.~! mole 

= 1.98 cal. deg.~! 

= 0.082 atm. |. deg.~! mole! 
or alternatively R/J. deg.—' mole! = 8.31 but under 
no circumstances may R, in quantity calculus, be 
equated to a pure number. 


1 Lopag, A., Nature, 38, 281-3 (1888). 

2? Henperson, J. B., Math. Gaz., 12, 99-104 (1924). 

3 The following abbreviations will be used: J. joule; s., second; 
C, coulumb, 2, ohm; and the familiar g., cm., ete. 


E. A. GUGGENHEIM 
University of Reading, England 


II 

In this notation each symbol denotes the measure of 
a quantity in a single system of units, no other units 
ever being used. The chosen system may be, for ex- 
ample, centimeter-gram-second -electrostatic-charge- 
degree or meter-kilogram-second-coulomb-degree, but 
once chosen it must be strictly adhered to. With the 
former choice the gas constant R = 8.31 X 10’ and with 
the latter choice R = 8.31. This notation is favored 
by electrical engineers who find the latter choice of 
units convenient for all their purposes. Most physical 
chemists would, however, find such a choice too re- 
strictive since it excludes the use of liters, atmospheres, 
calories, faradays, etc. The former choice would 
further exclude the use of amperes, volts, ete. To sum 
up, this notation is correct but too restrictive for many 
physicists and chemists. 


In this notation each symbol denotes the measure of 
a quantity in specified units. Of the three tolerable 
notations this one has been most used in the past. 
This system, used correctly, implies two rules from 
which there is no escape: 


(a) The unit in which each quantity is measured must be 
stated. 

(b) Change of unit requires change of symbol denoting the 
measure. 


This notation may be applied to the equation of state 
of a perfect gas as follows: 


denote the pressure measured in dyne cm.~? 

denote the pressure measured in J. m.~* 

denote the pressure measured in atm. 

denote the molar volume measured in cm.? 

denote the molar volume measured in m.* 

denote the molar volume measured in I. 

denote the gas constant measured in erg deg.~! mole 

denote the gas constant measured in J. deg.~! mole~! 

denote the gas constant measured in |. atm. deg.~! mo!’ 
R’’’ denote the gas constant measured in cal. deg.~! mole™ 


Then 
R #=8.31 xX 10° 


We have the equations 
PV = RT = 4.16 X 10°'R''T 


P'V'’ = R’'T = 4.16 
= R'T = 0.041 R'’T 
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It is clear that this notation is extravagant in the use 
of symbols. Moreover there is great danger of numeri- 
eal errors unless the unit in which each quantity is 
measured is displayed close to each formula. 


IV 

This is a hybrid notation specially favored in many 
German texts. Each symbol is used to denote the 
measure in units not always specified and the same 
symbol is retained when the units are changed. The 
writer presumably knows what units are implied, 
out the reader is left guessing. In this notation R = 
|.98 in one place and R = 0.082 in another which is ab- 
surd. This notation is intolerable. 


Vv 


The last notation to be mentioned is a confused and 
capricious mixture of the first and third. Some symbols 
denote the physical quantity, regardless of units; 
other symbols denote the measure in particular units 
according to the writer’s whim. This confused nota- 
tion is often accompanied by confused terminology 
such as “let P denote the force per square centimeter.” 
This statement describes a hybrid of notation I “let P 
denote the force per unit area’’ and notation III “‘let P 
denote dynes per square centimeter.” Such notation 
and terminology is even worse than that described 
under IV. 


EXAMPLES OF “QUANTITY CALCULUS” © 


The remainder of this article is devoted to examples 
of notation I or “quantity calculus” so that the reader 
may see and evaluate its power. It is perhaps useful 
to repeat that there is no objection whatever to nota- 
tion II as an alternative provided the user is willing to 
restrict himself completely to only a single system of units, 
but how many chemists would agree to do so? 

The first example is taken from Lodge’s article which 
is unsurpassed as an exposition of quantity calculus. 
This illustrates the power of quantity calculus to deal 
with a mixture of units. Two masses M placed a 
distance d apart attract each other with a force equal 
to the weight of a mass m. Assuming that the earth’s 
radius R = 4000 miles and that M = 1 ton, d = 1 
vard, m = '/; grain, calculate the mass E of the earth. 
We have 


1 ton x (ee 2 


1/, grain 1 yard 
1 ton X (8 X 2240 x 7000) x (4000 x 1760)? 
6 X. 107! ton 


Another example of mixed units is the following. 
Caleulate the resistance R of a cable of length 1000 yd., 
© cross section 0.20 in.? and of resistivity 1.2 x 10 
em, 


Rede 1000 yd. X 1.2 X 10*Q em. 
0.20 in.? 
1000 X 36 X 2.54 cm. X 1.2 cm. 
0.20 X (2.54 cm.)? 
— 1000 x 36 X 2.54 X 1.2 x 10-* 


0.20 X 2.54 X 2.54 
= 0.920 
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The next example illustrates the self-checking power 
of quantity calculus. Let us use Stokes’ law 


u = W/6rna 


to calculate the terminal velocity u of a sphere of 
radius a and weight (corrected for buoyancy) W 
through a medium of viscosity 7. We take as our 
example 

W = 2 mg. 

n = 

a = 0.5 mm. 


We obtain 


2 mg. 
6x7 X 4g. cm.~'s.~! X 0.5 mm. 
2 X 10-*g. 
6x X 4g.cm.—!s.-! X 5 X 107? cm. 
2 X 10-3 
6x X 4x 5x 


u 


and without going any further it is obvious that some- 
thing is wrong. The mistake is of course that we 
have substituted for W the mass instead of the weight. 
The correct calculation is: 


2 mg. X 9.8 X 10? cm. s.~? 
X4 g.cm.~!s.-! X 0.5 mm. 
2X 10-*g. X 9.8 X 10° cm. 
4 g.cm.-!s.-! X 5 X 107% cm. 
2 X xX 9.8 X 10? 
6x X 4X5 X 107? 
= 0.52 cm. s.~! 


u 


em. s.~! 


The above examples are all rather simple. The 
following one is more difficult. The molar conductance 
A of the magnesium ion in water at 25°C. extrapolated 
to infinite dilution is 106.1 2-' mole~' cm.* and the 
viscosity of water at 25°C. is 8.95 XK 10-* g.cm.—" 
s.—. Assuming Stokes’ law calculate the effective 
radius b of the magnesium ion from the formula 

2°F2 
~ 
where z = 2 is the charge number of the magnesium 
ion, F is the faraday equal to 0.965 xX 10°C mole 
and L is Avogadro’s constant equal to 0.602 x 10** 
mole~'. We have 

2*F? 
6anLA 
(2 X 0.965 X 10°C mole)? 
X 8.95 X 10-%g. X 0.602 X 
10% mole! X 106.1 2-! mole cm.? 
3.72 X 10" C*Qs. 


1.077 g. cm. 


3.45 X 107% om. 


erg. 8." 
3.45 10 


3.45 X 10-* cm. 
= 3.45 A. 


A 


The notation of quantity calculus is especially clear 
and tidy for labeling the axes of a graph, e.g.: 


| | | 
Em Mt? 
RP” 
so that 
2R2 = 
= M?R? 
m d? 
= 
=> 
nole~ 
> rather than 
o 
10? deg./T 1/T (deg.) x 10 


FRIEDRICH EMICH, FRITZ PREGL, FRITZ FEIGL 


A pervusat of the current literature of analytical 
chemistry reveals that most of the researches deal 
with the detection and determination of small or 
extremely small amounts of materials; in other words, 
the methods involved are those known as micro- or 
ultramicro procedures. The analysis of slight quan- 
tities of materials is by no means a fad or a stunt. 
Many substances, particularly natural products or 
the active materials of animal or plant cells, are pre- 
paratively accessible only in minute amounts or, 
as in nuclear research, are actually harmful in larger 
amounts. Their study becomes an impossibility with- 
out trustworthy analytical methods. Futhermore, tiny 
quantities of substances that are present as admixtures 
or contaminants in elements or compounds frequently 
are decisive factors in biology and technology. The 
reliable detection or quantitative determination of 
such “traces” is often of enormous importance to the 
testing of materials of all kinds and frequently is a 
problem in the biological sciences. 

As late as the beginning of this century there were 
hardly any methods available for the detection or 
determination of tiny amounts of substances. Such 
procedures were still to be created. This paper deals 
with the three Austrian chemists who broke the trails 
in this region and thus pointed the way for later studies 
They were: Friedrich Emich, the founder of in- 
organic quantitative microanalysis (Graz), Fritz Pregl, 
the founder of organic quantitative microanalysis 
(Graz), and Fritz Feigl, the founder of inorganic and 
organic spot test analysis (Vienna, now Rio de Janeiro). 
Their names are indissolubly associated with the 
development and progress of microanalysis. 


FRIEDRICH EMICH (1860-1940) 


Friedrich Emich was born at Graz on September 5, 
1860, and studied chemistry at the Technische Hoch- 
schule there from 1878 to 1884. He became Privatdo- 
zent in 1888, Associate Professor in 1889, and served as 
Ordinarius at this university from 1894 to 1930, in 
general and experimental chemistry. 

Around the middle of the 1890’s, Emich turned his 
attention to the analysis of minimal amounts of 
materials. At the start he used various precipitation 
reactions under the microscope, as had been done 
before him by Th. Behrens. However, Emich soon 


Three Austrians as Pioneers in Micro- 
analytical Research 


GERALD KAINZ 
University of Vienna, Vienna, Austria 


(Translated by Ralph E. Oesper, 
University of Cincinnati) 


Friedrich Emich (1860-1940) 


was able to free microanalysis from the microscope 
and to adapt the methods of general chemistry to 
these tiny dimensions. Thus, for example, with the 
aid of the so-called thread reactions he was able to 
detect as little as 3.10—-" g. of NaOH or 5.10-" g. HCl, 
in that he observed the color reaction of a silk thread 
soaked in litmus. A thread impregnated with sulfide 
made it possible to detect heavy metals in amounts 
down to 10-* g. He also detected 10~’ g. of nitrogen 
and the sulfur in 2 mm. of a hair taken from the head. 

However, the center of his researches lay in the 
field of quantitative inorganic microanalysis. He was 
the founder of this branch. The initial step in micro- 
gravimetry was to find a suitable balance. Emich 
refined the then known torsion balances of Nernst and 
Angstrom to the point that the Nernst balance wou! 
indicate as little as 0.1 wg. under a load of 500 mg. an! 
the Angstrom balance as little as 0.015 wg. under a loa: 
of 2 mg. Of course, the restricted weighing range 
permitted the use of only tiny crucibles and filterin: 
devices. Hence Emich later employed the beaii 
balance of Kuhlmann, with a range of 0.01 mg.—20.0 -. 
which was subsequently improved by F. Pregl to #1 
accuracy of + 0.001 mg. But Emich’s researches ¢ | 
the torsion balances were not made less importan , 
his studies constitute the basis of the ultra micr - 
balances of today. 

Moreover, a whole series of other microanalytic | 
devices are due to Emich ; in particular, the filter sti: : 
and the filtering beaker. With their aid it is possil ¢ 
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to isolate even the tiniest amounts of precipitate 
without loss and bring them on the balance. 

Because of these fundamental devices, quantitative 
inorganic microanalysis experienced a remarkable 
srowth. Accurate separation methods and schemes of 
alysis were developed for minerals and alloys, a 
nethodology whose elaboration was due in large part 
-o A. Benedetti-Pichler (Graz, now New York) and 
especially F. Hecht (Vienna), who by the introduction 
.f organic precipitants raised the accuracy of the 
jnicro methods still more. 

Emich’s accomplishments as founder of quantitative 
jaorganic microanalysis were formally recognized by 
conferring on him the Lieben Prize (Academy of 
Sciences in Vienna), the Liebig Memorial Medal 
(Verein Deutscher Chemiker) and by election to the 
Academies of Science at Vienna and Halle. Emich 
received honorary degrees from the Technische Hoch- 
schule at Aachen, the University of Graz, and his alma 
mater the Technische Hochschule at Graz. 


FRITZ PREGL (1869-1930) 


Fritz Pregl was born on September 3, 1869, at 
Laibach, which was then in Austrian territory. He 
studied medicine at the University of Graz, received 
the doctorate in 1893, and became Privatdozent for 
physiological chemistry in 1899. In 1910 he was called 
to Innsbruck as Ordinarius (head) for medical chem- 
istry, where initially he worked chiefly ‘with bio- 
chemical problems. 

The degradation of bile acids yielded one product in 
such small amount that he could not hope to analyze it 
by the decigram method then ordinarily employed. He 
decided to develop methods which would permit the 
successful accomplishment of ultimate analyses with 
milligram amounts, i.e., with '/jooth of the usual sample 
weight. Possibly he was led to hope for success in this 
venture because of what Emich had already accom- 
plished in the inorganic field. 

One of the most important prerequisites for solving 
the problem was a balance which would respond to as 
little as 0.001 mg. There was of course available the 
Nernst balance as improved by Emich, but with respect 
to the determination of hydrogen and carbon there 
was the impediment that the changes in weight of the 
absorption apparatus are in the milligram range 
whereas the vessels themselves may weigh up to 10 g. 
The weighing range of the Nernst balance was far 
from adequate to meet this condition. In association 
with the balance-maker W. Kuhlmann (Hamburg), 
Pregl improved the latter’s “assay balance for rare 
metals” so that at a maximum load of 20 g. it was still 
possible to make weighings with an accuracy of 
0.001 mg. 

\dditional difficulties arose during the development 


of the milligram-procedures because many errors of 


ma ‘roanalysis with a 0.1 g. sample are still within the 
tol'rance limit and accordingly are hardly noted, 
wh:reas with samples only as large, they oc- 
cas'on large differences. Pregl was able to track down 
nwiierous sources of error and to eliminate them. 
On February 27, 1911, he gave an account of his new 
me hods to the German Chemical Society in Berlin. 
In 1913, he demonstrated before the Naturforscher- 
tag ing (scientific congress) in Vienna the determination 
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of the hydrogen, carbon, and nitrogen in acetanilide 
along with its molecular weight. 

In this same year Pregl was called to head the 
medicinal-chemical department Graz. Here, assisted 
by long-time associate and subsequent successor, 


Fritz Pregl (1869-1930) 


Hans Lieb,' he devoted himself almost entirely to the 
development and extension of organic micro methods. 
His “Die quantitative organische Milroanalyse” ap- 
peared in 1917, and acquired world fame. Since 1935, 
it has been carried forward by his pupil H. Roth and 
has been issued in numerous editions and translations. 

As might be expected, Pregl’s outstanding accom- 
plishments soon earned for him the recognition and 
suitable appreciation they deserved. They were hailed 
as the greatest advance in the field of organic ultimate 
analysis since Liebig’s time. Among the honors 
which came to him were the Lieben Prize, member- 
ship in the Vienna Academy of Sciences, an honorary 
doctorate from the University of Géttingen, and in 
1923, the Nobel Prize. Despite enticing calls to the 
University of Berlin and the University of Vienna, 
Pregl remained true to his alma mater and to Graz 
which had become a second home to him. 


FRITZ FEIGL 


Born in Vienna on May 15, 1891, Fritz Feig] studied 
chemistry at the Technische Hochschule (Technical 
University) and there received his doctorate of tech- 
nical sciences. From 1919 to 1938, he was associated 
with the II. Chemisches Institut of the University of 
Vienna, where he became Docent for analytical chem- 
istry in 1927. He was appointed to a professorship 
in 1935. Because of the political atmosphere, Feigl 
was forced to leave his homeland in 1938. After a 
short period at Ghent (Belgium) he was once more 
compelled to flee. In 1941, he accepted a call to the 
Ministerio da Agricultura in Rio de Janeiro, where as 
director of a large laboratory he carries on his researches 
indefatigably. Despite the injustices to which he and 
his family were subjected in 1938, Feigl has only kind 
feelings toward his again liberated country. 

Even in his doctorate work Feig] dealt with the 
qualitative detection of tiny amounts of various 
substances and worked out a scheme for the elements 
of the ammonium sulfide and hydrogen sulfide groups. 
He conducted the reactions on filter paper and, with 
the aid of color reactions, was able to detect amounts 


1 J. Cuem. Epvc., 27, 356 (1959). 
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as low as 10~ to 10-* g. These studies were then 
extended to all cations and anions. Of course it was 
impossible to carry out on paper reactions which 
required heating or which had to be conducted in 
strong acid or base. In such cases Feig] conducted 
the reaction in micro drops on a spot plate, a watch 
glass, or in a micro crucible. He classified all tests 
in accord with their fundamental characteristic (for 
example, drop reaction, color reaction, crystal precip- 
itation) and in each case determined the smallest 
amount that could still just be detected as well as 
the lowest still. detectable concentration, from which 
the limits of the test could be calculated directly. 
At that time the expression “sensitivity of a test” 
was used in a very confused fashion, and accordingly 
Feig] defined this concept exactly and suggested the 
terms “identification limit” and ‘dilution limit.”’ 

As early as 1923, Feigl recognized that the translation 
of classical detection procedures to the milligram or 
microgram range could not be the exclusive objective 
of qualitative analysis employing slight amounts 
of the test substance. Characteristic of his prescience 
is a passage from a paper published in 1923: 

The clumsy scheme of qualitative analysis with its many 
sources of error must be retained in microanalysis solely because 
at present we have available entirely too few specific and special 
reactions. Nevertheless, even now we see a possibility of radi- 
cally simplifying the future qualitative and quantitative analysis. 
It resides in the planned search for and systematic use of complex- 
chemical, specific special reactions with the aid of organic rea- 
gents. 


These words characterize his subsequent researches, 
whose objective from then on was to avoid as much as 
possible the precipitations and filtrations so inherent 
in the usual macroanalytical procedures, and to replace 
them with specific reactions so that the ion in question 
could be detected directly in the sample or its solution. 

With this in view, Feigl tried out a large number 
and variety of organic compounds with respect to their 
suitability in analysis, and he introduced many new 
organic reagents. But only a relatively few of the 
organic reagents introduced are specific for certain 
ions; the majority show a selective action at most, 
i.e., only several ions respond positively. To make such 
tests specific, Feigl used two methods primarily: 
determination of the optimum pH region, and masking 
of the interfering ions by means of organic and in- 
organic reagents. This procedure is now called 
“conditioning of tests” and is widely used. 

In his search for specific reagents Feig] introduced, 
for the first time, the use also of catalytic and induced 
reactions in qualitative analysis. These respond to 
extremely small amounts and, for the most part, are 
specific for certain substances, as for instance the 
iodine-azide reaction for inorganic and organic sulfide 
compounds. 

Fiegl has now succeeded in reducing the preliminary 
division into groups of ions to a minimum, and pri- 
marily because of his studies many elements of the 
periodic system can now be detected directly in the 
sample. This not only represents a tremendous 
saving of time but also accomplishes a significant 
reduction of the quantity of sample needed for the 
analysis. The Feigl methods, which are also known 
as spot test analysis, require only to g., 
and hence are qualitative ultramicro methods. 
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Fritz Feigl 


Feigl has also devoted much of his research to the 
spot test analysis of organic materials. In the last 
five years he has opened new and original paths. He 
has discovered and developed specific tests for many 
functional groups and has made available numerous 
sensitive tests for particular organic compounds. 

One of the most important areas of the application 
of spot test analysis is now found in paper chromatog- 
raphy; the detection and identification of the com- 
pounds that have been separated chromatographically 
are frequently accomplished by Feigl tests. It can 


‘be justifiably stated that spot test analysis has contrib- 


uted fundamentally to the rapid rise of chromatog- 
raphy. 

The number of his publications is now near 300. 
Their distinguishing characteristic is that they not only 
describe the analytical details of the test but also 
attempt to give the scientific background of the 
reaction. Special note should be taken of his book 
“Chemistry of Specific, Selective and Sensitive Reac- 
tions’”’ (1949) which contains a wealth of information 
and suggestions drawn from his extraordinarily wide 
experience and knowledge. 

His great acquaintance with the field of qualitative 
micro- or ultramicroanalysis is exhibited in his books: 
“Qualitative Analyse mit Hilfe von Tipfelreaktionen” 
(3 editions); “Qualitative Analysis by Spot Tests” 
(5 editions); “Laboratory Manual for Spot Tests.” 
These standard texis serve analysts throughout the 
world. 

Feigl’s accomplishments as founder of inorganic «nd 
organic spot test analysis have thus far been honored by 
the receipt of the Haitinger Prize (1929) and by ‘he 
first award of the Pregl Prize (1931) and by eleci:on 
to the Academy of Sciences in Vienna. He was also ‘he 
first recipient of the Emich Medal conferred (1!')!) 
by the Oesterreichische Gesellschaft fiir Mikroche ie. 
He received the Weizmann Prize in 1952, and the Ex ver 
Medal (1957) of the Niederoesterreichische Gev °r- 
beverein. An honorary doctorate came to him in 
1948 from the Technische Universitat of Vienna. 

His adopted country, Brazil, has bestowed m. .1y 
honors on him. He is an honorary citizen of Rio de 
Janeiro, and the universities at Sao Paulo and Riv de 
Janeiro have awarded him honorary doctorates. le 
was elected to the Brazilian Academy of Scien °s, 
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which chose him as Einstein medalist in 1957. A 
laboratory at the University of Recife in the state of 
Pernambuco, Brazil, bears his name. 

Feigl is an honorary member of the Verein Oester- 
reichischer Chemiker and the Oesterreichische Gesell- 
schaft fiir Mikrochemie, which each year confers a 
Feigl Prize for outstanding work by young Austrian 
nicrochemists. He is likewise an honorary member of 


the British Society for Analytical Chemistry, and of the 
Japanese Society of Analytical Chemistry. 
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Conventionat kinetic studies in solution involve 
mixing the reactants and following the rate with which 
the reaction mixture proceeds to equilibrium. Such 
a procedure makes it impossible to study extremely 
rapid reactions because of the finite time required for 
mixing. In recent years, the study of very fast reac- 
tions in solution has become of increasing interest; 
an excellent collection of such studies is reference (1). 
With the advent of interest in very fast-reactions, meth- 
ods were developed for making kinetic measurements 
on systems originally at equilibrium. This new type 
of experimental approach promises to open up a whole 
new avenue of research for kineticists; the purpose of 
this review is to discuss the principles, the limitations, 
and the applications of some of these methods. 


PERTURBATION METHODS 


Eigen (2) has given an excellent discussion of the 
methods which will be considered in this section, in- 
cluding the detailed mathematical analysis and many 
references to the original. literature. The principle 
involved in these methods is that a perturbation is 
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Figure 1. Rectangular Impulses; 9 = Impulse Durati 


7/6 = 0.1; II: 7/6 = 1; III: r/@ = 10. (Ref. (2)). 

Aa is a measure of the equilibrium shift; for equation (7) this is the 
ci. ange in the degree of dissociation. The solid lines designate the external 
pcrameter, while the dashed lines are the relaxation curves. 
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applied to a system at equilibrium which will cause a 
shift in the equilibrium. The equilibrium is perturbed 
by rapidly changing an external parameter. The ex- 
ternal parameters which will be considered here are 
pressure, electrical field strength, and temperature. 
External parameters can be varied in several ways: 
periodically, by a single impulse, or by a rectangular 
step impulse. Because the rates of reaction are not 
infinite, the equilibrium shift will not be able to “‘fol- 
low” the perturbation exactly; that is, the equilibrium 
shift will lag behind the applied perturbation. This 
concept is illustrated in Figure 1. The characteristic 
quantity of this process is the time of relaxation, r. It 
is a general result that for small displacements from 
equilibrium the approach to equilibrium is first order, 


and thus 7 can be defined by 
dAc — Ac 
a = (1) 


Here A c denotes the deviation of the concentration of a 
reactant from its equilibrium value. Through this 
equation +r can be correlated with conventional rate 
constants. In order to illustrate this, two examples of 
general interest will be worked out in detail. 

Consider the reaction 


ky 
A° =A (2) 
ke 


The rate of approach to equilibrium can be written as 


Through the stoichiometry of the reaction, Ac = Ac, 
= —Ac,* where the Ac’s are the differences between 
the instantaneous concentration and the equilibrium 


concentration. Equation (3) can be rewritten as 


— Ae) — + de) (4) 
In this equation, é,* and é, designate the equilibrium 
concentrations, and so 
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ky 
Multiplying out equation (4) and eliminating é with 
equation (5) gives 
— + ke) 
By comparison with equation (1) 
+ he 
Thus if 7 and K are measured experimentally, k; and ke 
can be readily calculated. 
A more difficult reaction to treat, but one of much 
practical interest since it represents a weak electrolyte 
dissociation, is represented by 


(6) 


ki 
A+ + B- = AB (7) 
ky 
In this case, the rate of approach to equilibrium is 
given by 


(8) 


By consideration of the stoichiometry of this reaction, 
Ac = Acan = —Aca = —Acp, and equation (8) can be 
rewritten as 


— — Ac) + dc) (9) 
Here é,, and denote equilibrium concentrations 


and so 
(10) 


Multiplying out equation (8), neglecting terms of the 
order (Ac)?, and eliminating és with equation (10) 
gives 

= —[ki(a + ep) + (11) 


Comparison with equation (1) shows 


1 


Thus by measuring 7 as a function of (€ + és), k; and 
k, can be obtained. If ke is sufficiently small so that 
1 

ky (Ex + 
by measuring 7, and kz can be calculated from k, and the 
equilibrium constant. 

Similar expressions can be obtained from other types 
of reactions, but if reactions proceed through interme- 
diate stages the situation becomes quite complicated. 
However, in principle 7 can be correlated with con- 
ventional rate constants for any given mechanism. 

If a chemical equilibrium is pressure dependent, that 
is, if the reaction being studied involves a change in 
volume at constant temperature and pressure, the 
equilibrium can be perturbed periodically with sound 
waves. This is a direct consequence of the thermo- 
dynamic relation 


(12) 


T ; k, may be determined experimentally 


= AV (13) 


oP /r 


where A F denotes the free energy change, P the pres- 
sure, 7’ the temperature, and A V the volume change. 
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For example, in the case of reaction 2 this means 74° 
— Vx, ¥ 0; for reaction 7, Vs + Vs — Vas ¥ 0 is the 
required condition. The JV’s denote partial mola! 
volumes. For fast reactions, ultrasonic frequencies arc 
used. 

Through a mathematical analysis of this problem 
it turns out that the maximum sound absorption oc- 
curs when w = 1/7 where w is the frequency of th« 
sound or ultrasonic wave. Thus by measuring the 
sound absorption as a function of frequency, 7 can b« 
obtained, and as shown previously, conventional rat« 
constants can be calculated from r. 


APPLICATION TO REACTIONS 
OF WEAK ELECTROLYTES 


For a system involving an equilibrium of the weak 
electrolyte type, Onsager (3) has shown that the degre« 
of dissociation increases linearly with the applied elec- 
tric field if fields of the order of kV/cm. are imposed 
on the solution. This phenomenon was first observed 
experimentally by Wien and Scheele (4) -and is called 
the second Wien effect. Such an effect can be studied 
by measuring the change in the degree of dissociation 
as determined by electrical conductivity measurements. 
Using Onsager’s equations, one can calculate that if 
an electrical field strength of 200 kV/cm. is applied 
at 25°C. to a 1-1 weak electrolyte, the expected con- 
ductivity increase is approximately 12%. Using 
strong fields such as these rules out the possibility of 
periodic variation of the field strength because of the 
heating effects which would occur; instead a very 
short electrical impulse of variable duration is used. 
Once again, mathematical analysis of this problem 
shows that a frequency dispersion will occur with the 
middle of the change being at a frequency of w = 1/7. 
The type of dispersion expected is illustrated in Figure 
1. A more detailed analysis shows that 7 can be de- 
termined by studying the maximum change in conduc- 
tivity as a function of the impulse frequency. 

If the enthalpy change of the reaction being studied is 
not equal to zero, a shift in the equilibrium will occur 
if the temperature of the system is changed. The 
fundamental thermodynamic equation involved here is 


AH 

aT RT? (14) 
where A H denotes the enthalpy change of the reaction. 
For reaction 2, the necessary condition would be Hi,* 
— Ay ¥ 0 and for reaction 7, A, + As — Aa» ¥ 0 
where the A’s denote partial molal enthalpies. Using 
high tension impulses, temperature rises of sever:l 
degrees centigrade can be made to occur within tim:s 
as short as 10-7 sec. The subsequent equilibrium 


TABLE 1 
Rate Constants for Reactions in Aqueous Solution - 
Room Temperature 


Reaction 


H+ + OH- 

H.0 — H+ + OH- 

NH,* + — NH;-H.0 
NH;-H,O — + OH- 
H+ + CH;COO- -+ CH;COOH 
CH;COOH — CH;COO- + H* 
H+ + so," HSO,- 

HSO,- H* + SO," 


. 
i 
y 
T 
t 
re 
q 
t 
t 
2 
e 
I 
Ref: = 
k en ( 
1.3 X 10" sec.- (5, ) 
2.6 X sec.—! (6, ) 
3 10° sec. (6, ) 
4.5 X 10" sec. (7) 
8 X 108 sec. (7) 
1X 10" M-'sec.-! (6) 
1.5 X 10° see.-! (6) 
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chift is followed by measuring the corresponding change 
i: conductivity. By appropriate mathematical anal- 
ysis of this problem, 7 and the related rate constants 
cin be obtained. 

Some of the results obtained by Eigen and his co- 
vorkers, using the techniques described above, are 
simmarized in Table 1. 

These perturbation techniques are useful for studying 
reactions with half times as short as 10~* seconds. 
The greatest limitation on these methods is that the 
reactions being studied must be sufficiently simple so 
that an unequivocal interpretation of the relaxation 
time can be made. Even so, there are many interesting 
reactions which can be studied utilizing the techniques 
described above. 


NUCLEAR MAGNETIC RESONANCE METHODS 


Before discussing applications to kinetics, a brief 
discussion of the principles of nuclear magnetic reso- 
nance is desirable. More details and key references 
can be found in reference (8). 

When nuclei which possess a magnetic moment 
(spin ¥ 0) are placed in a magnetic field, they precess 
about the direction of the magnetic field with a fre- 
quency, w. The frequency of precession is propor- 
tional to the strength, Hic, of the magnetic field at 
the nucleus. 


= yH (15) 


Here y is the gyromagnetic ratio which is different for 
each different nucleus. For protons in a field of 9400 


gauss, » = al = 40 X 10® cycles per second. In the 


usual NMR experiment, a magnetic field, H, of the 
order of kilogauss is applied to the sample. A much 
weaker oscillating magnetic field, A, of constant fre- 
quency is then applied perpendicular to A by a coil 
wound around the sample. AT is then varied until con- 
dition (15) is satisfied; i.e., until the nuclei are pre- 
cessing at the same frequency as the oscillating field, 
Hj. When this condition is satisfied, a voltage is in- 
duced in a receiver coil whose axis is perpendicular to 
the direction of both H and Ay. The induced voltage 
is amplified and recorded on a chart as a function of HZ. 

In liquid samples where the resonance lines are very 
narrow, high resolution NMR reveals extraordinary 
detail. The magnetic field intensity at a particular 
nucleus, Hiceai, is slightly different from H because of 
diamagnetic shielding by the orbital electrons. More 
important, for chemical applications, Hica: is different 
for the same type of nucleus in different parts of the 
molecule where the electronic shielding is different. 
This nuclei in different chemical environments ex- 
hib't resonance at slightly different applied fields. 


Th's difference in applied fields at which resonance - 


occ\irs, measured with respect to some standard, is 
eal d the chemical shift. It can be expressed, alterna- 
tively, as a frequency difference by equation (15). 
Fo: example, acetaldehyde has one series of peaks for 
the CH; protons, another for the CHO protons at a 
slig'itly lower applied field. 

\ second feature of high resolution NMR depends 
on the coupling of the spins of neighboring nuclei 
through the orbital electrons. This causes splitting 
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of the resonance lines; the number of components de- 
pends on the number and spins of neighboring nuclei 
in the molecule. In the case of acetaldehyde, the 
resonance due to the CH; protons, rather than being a 
single line, consists of a doublet. This splitting is 
due to the neighboring CHO proton (spin = '/2) which 
has two possible orientations of its magnetic moment 
in the magnetic field. Similarly, the CHO proton 
resonance consists of a symmetrical quadruplet with 
relative intensities 1:3:3:1, corresponding to the four 
possible spin states of the three CH; protons and their 
statistical weights. 

The preceding considerations apply as long as there 
is no rapid chemical exchange of the atom being studied 
between magnetically different positions. The effects 
of rapid exchange are shown clearly in the following 
two examples. The OH proton of CH;OH has a 
different chemical shift (measured with respect to 
some external standard) from the protons of H,0O. 
However, a mixture of CH;OH and H,O has only a 
single proton resonance line for the OH and H,O pro- 
tons. Its chemical shift is a weighted average of the 
chemical shifts for protons in these two environments. 
This phenomenon is attributed to rapid exchange of the 
protons between water and methanol. A single reso- 
nance line is observed for the CH;OH-H,O mixture be- 
cause the frequency of the exchange reaction is much 
greater than the chemical shift of the OH protons rela- 
tive to the H,O protons. During a sweep of the mag- 
netic field through resonance, the protons make many 
round trips between the H,O and the OH group of meth- 
anol. The effective shielding which determines H ica: 
is, in this case, an average of that shown when there 
is no exchange. 

Similarly, spin-spin splitting can be eliminated by a 
rapid exchange of an atom being studied or of the atoms 
causing the splitting. For example, the proton spec- 
trum of pure, dry liquid NH; consists of a triplet due 
to splitting by the N™ nucleus (spin = 1) which has 
three possible orientations in the magnetic field. As 
shown in Figure 2, from Ogg’s work (9), trace amounts 
of NaNH;, (or H,O) catalyze the rapid exchange of the 
protons between NH; molecules with the result that a 
single proton peak is obtained. When the exchange 
frequency is greater than the frequency difference be- 
tween outer components of the spin-spin multiplet, the 
proton “sees” several different N nuclei during the 
time required to pass through resonance, and the 
splitting is eliminated. 

The transition between a complex spectrum, in which 
peaks with different chemical shifts or with spin-spin 
splittings are observed, and the simpler spectrum, 
produced by rapid exchange, is given by 


t = (16) 


Here 7, which is simply related to ordinary rate con- 
stants, is the mean lifetime for the chemical exchange, 
dw is the frequency separation between lines obtained 
when there is no exchange. For the two cases just 
considered, dw is the chemical shift of the OH proton 
of CH;OH relative to the H,O protons and the separa- 
tion of the outer component of the NH; proton spin 
spin triplet. 

We are now in a position to consider the use of NMR 
to determine exchange rates in solution. It is neces- 
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sary, first of all, that the system being studied have an 
NMR spectrum in which particular peaks can be identi- 
fied with particular types of nuclei. By varying some 
parameter, such as temperature or catalyst concentra- 
tion, the rate of a chemical exchange reaction must be 
increased to a point where peaks associated with nuclei 
having different chemical shifts coalesce or, alterna- 
tively, spin-spin splitting is eliminated. Since dw is 
typically of the order of 10-10* radians sec.—', this 
technique is applicable to reactions with mean lifetimes 
of the order of 10—'-10~- sec. 

To illustrate how this approach can be used to de- 
termine the rate constants for a particular chemical 
reaction, Ogg’s work on the NH;-NaNH, system may 
be considered. Assume that the mechanism is 


NH; 4 NH,- NH,- + NH; (17) 

For this pseudo first order process, 
= (18) 
In the experiments, dw, the frequency separation of the 
proton triplet components was found to be 46 radians 
sec.-! The concentration of NaNH, was then in- 
creased until the spin-spin splitting was just eliminated. 
From Figure 2 it can be seen that the critical exchange 


Figure 2. Proton Resonance in Liquid NH; 
NaNH: monoatomically increases from A to D; C corresponds to a NaN He 
concentration of 10-7M. (Ref. (9)). 


frequency, where the triplet structure just disappears, 
occurs at 10-7 M NaNH:. At this concentration, 
= 1/éw. Since dw = 46 sec.—', k = 4.6 X 10° 
gec,—', 

A more detailed mathematical analysis of some 
simple cases has been made by Gutowsky and co- 
workers (10, 11, 12), Loewenstein and Meiboom (13, 
14) and McConnell (15). These treatments, based 
on the Block equations (16), enable one to calculate 
7 from the observed line shapes, dw, and 72, the trans- 


verse relaxation time, which determines the line width; 
in the absence of exchange. 

Table 2 includes some of the rate constants whic) 
have been determined by NMR methods. 


- TABLE 2 
Rate Constants at Room Temperature Determined by 
Nuclear Magnetic 


Refer- 
Reaction k ence 


NH; + NH. —NH, +NH; 4.6 X 108 M~ sec. (9) 
C:H;OH* + H+ ~ 10° M~'sec.-1 (17) 


2.5 X 10° M~ sec. (12, 1.) 
3.4 X 10° sec. (12, 1.) 


*H;NCH; — CH;NH;* + 
H—O—H + H,NCH; 
Cu+*+ + Cut—Cut+ Cutt 2.5 X 10° M— sec. (18) 


With increased sensitivity in NMR instruments, this 
technique should provide much new rate data in a 
region virtually inaccessible by conventional methods. 


CONCLUSION 


The purpose of this review has been to describe 
briefly some of the recent work on kinetic studies of 
very fast reactions involving systems essentially at 
chemical equilibrium. The interested reader will find 
ample details in the literature cited. 
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BALANCE INSTRUCTION BY TELEVISION 


‘I"He use of television in chemical education has 
a‘tracted the interest of many, and several interesting 
experiments have been described.'\? These appli- 
ctions have been, in the main, restricted to the pres- 
ei'tation of lectures and demonstrations, utilizing 
television to present the material to a larger group of 
students than could be accommodated in a single room, 
or to make the demonstrations more readily visible to 
those seated in a large lecture room. 

During the spring semester of 1958 it was decided to 
attempt the utilization of closed circuit television in the 
laboratory of a beginning course in quantitative 
analysis, specifically to teach the technique of weighing 
with the analytical balance. 

In previous years, instruction in weighing techniques 
had been accomplished by taking students in groups of 
about six into the balance room for a demonstration. 
The students were also shown one of the available 
films* on the subject at the time of the regular lecture. 
This procedure, while reasonably effective, has obvious 
drawbacks, especially where large numbers of students 
are involved. It was thus felt that a television pres- 
entation in which the student could actually operate 
his own balance, while watching an instructor demon- 
strate the procedure, might provide better instruction. 

A minimum-cost portable television system consisting 
of one industrial camera and a distribution system 
necessary to service approximately 30 students was 
used to televise the demonstration. Sound was 
provided by means of a microphone which was fed into 
the audio-amplifier of a standard motion picture 
projector with the loudspeaker of the projector mounted 
in the balance room. A television monitor was placed 
in the origination room. The instructor observed the 
monitor to make certain that the picture adequately 
presented the desired information to the students in 
the balance room, while the camera operator used it to 
check picture quality. In order to provide adequate 
picture coverage for approximately 30 students working 
at individual balances, three 24-inch television receivers 
were mounted in the balance room. The illustration 
shows the placement of one of the receivers. 

When each student had located his assigned balance, 


StaBauen, W. H., C. V. Harcuy, J. Cuem. Epuc., 35, 
95-96 (1958). 
Sarr, G. W., J. Coem. Epuc., 33, 257-62 (1956). 


“Weighing with the Analytical Balance.” Encyclopaedia 


Br‘annica Films (Univ. of Minn.); Black and White; 16-mm.; 
soi.nd; running time, 18 min. 
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the demonstration was begun. After a brief description 
of the parts of the balance, pointing them out on the 
screen, an actual weighing was demonstrated. The 
instructor worked very slowly and the students were 
able to weigh a similar object on their own balances 
following the step by step procedure visible on the 
screen. The presentation required about 30 minutes for 
each group. 

No testing procedure was employed to assess the 
efficacy of the experiment. However, it is the definite 
feeling of those involved that students mastered the 
fundamentals of balance operation more rapidly and 
more effectively through television demonstration 
than by the former method. It was quite apparent 
that on the second meeting of the laboratory class 
only a few students were having difficulty in this matter. 
In the future we hope to attempt demonstrations 
of other items of laboratory technique to the students in 
the laboratory, having the students perform the opera- 
tions as they appear on the screen. It should also 
be possible to prepare a kinescopic recording of such 
demonstrations at moderate cost (much less than the 
usual sound film) and to use these to eliminate the 
necessity of setting up the television camera each time. 
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PRINCIPLES OF THERMODYNAMIC PHASE 


DIAGRAMS 


T nermopynamic diagrams are generally variations 
on only three distinct types. These three types stem 
from the fact that properties may be extensive or 
intensive. 
Diagram 
Type I 


Ordinate 
Intensive 


Extensive 
Intensive 


Extensive 


Abscissa 
Intensive 


Type II Intensive 
Extensive 


Type III Extensive 


Intensive properties are independent of the amount of 
mass in the system under consideration. Examples are 
temperature, pressure, Young’s modulus, etc. Ez- 
tensive properties depend upon the size of the system. 
For example, volume and internal energy are meaning- 
less unless an amount such as one pound or one mole of 
the system in question is specified. 


THE PRESSURE TEMPERATURE DIAGRAM 


The P-T plot is a frequently used thermodynamic 
graph, and it is perhaps the commonest example of 
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a Type I diagram. Figure 1 depicts the familiar 
P-T diagram for the pure substance, H,O, schematically. 
The coordinates are chosen so as to include all the 
common regions (about 0.01 to 3500 psia and — 100 to 
+400°C.). This bounded area in the P-T “plane” 
will include all the common states of water. The solid 
lines are equilibrium lines and thus represent phase 
boundaries. The dashed lines depict several simple 
processes and serve to help explain the diagram. Lines 
and axes of the insert? have been distorted for clarity 
and are not to scale. 

Consider the constant pressure melting of ice at 0°C. 
and atmospheric pressure. Starting below 0°C. (point 
7) on Figure 1 (insert), one has subcooled ice (since it 
is not in equilibrium with liquid water). It will, 
however, be in equilibrium with water (point 9) when 
the temperature reaches 0°C. (point 8). The word 
saturated is applicable to phases in equilibrium. During 
the process (7 — 8), sensible heat has been added to 
the system to raise its temperature. Adding more 
heat at point 8 results in melting of the ice (8 — 9), 
but no immediate additional rise in temperature occurs. 
This is due to the constraint of the phase rule. The 
temperature in a one-component two-phase system is 
invariant if the pressure is fixed. Latent heat (of fusion) 
is being added to the system to change its state. 

When all the ice has melted, the temperature rise 
continues along path (9 ~ 10). This represents the 
locus of all subcooled liquid states at one atmosphere 
pressure. At point 10 the water is saturated. Aguin, 
the heating process changes from one of adding sensible 
heat to one of adding latent heat (of vaporization). 
Again, the temperature remains fixed (at 100°C.) 
until all the water has evaporated (10> 11). Finally, 
the temperature of the steam is raised along the p:th 
(11 + 12). Here the vapor above its boiling poin: is 
termed superheated. 

Note that one cannot tell during any point of he 
phase changes (8 — 9 and 10 — 11) how much of ‘he 
change has occurred. This is true for any Typ: ! 
diagram or along any intensive property axis. ‘he 


1 Written while at Columbia University, New York, N. Y 

? The figure has been simplified for there are actually six fc ms 
of ice. Further data relating to the special peculiarities o! the 
water system can be found in any advanced text on phy: cel 
chemistry. 


JOURNAL OF CHEMICAL. EDUCAT:ON 


| 
] 
‘ 
— 
‘ 
| { 
0.0°C 100°C critical point 
sup 
VAPOR 
' 
0.01°C 
4 ' 
i 
17 of shaded area 30 
' 
id 
AGILE 
-100 0 100 200 300 
Figure 1. P-T Diagram for Water 
Ne 


familiar 
atically. 
all the 
— 100 to 
“plane” 
‘he solid 
it phase 
| simple 
Lines 

r clarity 


at 0°C. 
(point 
(since it 
It will, 
9) when 
1e word 
During 
dded to 
ig more 
8 9), 
Occurs. 
ile. The 
rstem is 
fusion) 
e. 
ure rise 
ants the 
\osphere 
Again, 
sensible 
zation). 
100°C.) 
Finally, 
he pith 
point is 


of “he 
h of *he 
Type I 
s. The 


N.Y 
six fo ms 

ies of the 
phy: cel 


JCATION 


whole process of fusion or vaporization takes place at a 
yoint. The diagram only states at what temperature 
‘his occurs if P is known, or vice versa. 

There is a unique temperature for each substance 
known as a critical temperature, above which it is im- 
possible to condense a vapor to the liquid state. More 
precisely, the critical state is that state of temperature 
and pressure at which the properties of the two co- 
existing fluid phases become so nearly alike that they 
no longer can coexist. This occurs at the critical 
point (point 4), the abrupt end of the liquid vapor 
euilibrium line. The corresponding ordinate is termed 
the critical pressure. States with coordinates (P, T) 
such that T > 7, are often referred to as the “fluid” 
region since the terms liquid and vapor have no meaning 
there. 

The only other point of special interest on the P-T 
plane is the triple point (point 1, 2, 3). This is unique 
for each system since for all the phases to be in equi- 
librium there are no degrees of freedom left. Again, 
one cannot tell from the P-T diagram how much ice, 
liquid water, and steam, respectively, are in equilibrium 
at the triple point. It only relates the temperature 
and pressure that must exist. 

At pressures below the triple point it is possible to 
pass directly from the solid to the vapor phase as by 
path 13 > 14 > 15 > 16. At points 14 and 15 the 
phases are saturated and sublimation is occurring. 

Process 5 —~ 17 — 6 represents a constant tempera- 
ture compression starting with subcooled ice. This 
causes melting by the process of regelation (at point 17), 
a phenomenon familiar in ice skating. Ice melts 
under the runners and the water acts as a lubricant. 
As soon as the pressure under the runners is released, 
the water refreezes by a reverse process analogous to 
(6 — 17 — 5). Similarly, constant temperature 
compression of vapor between the triple point and the 
critical temperature will cause condensation to the 
liquid state at some pressure between the triple point 
and the critical pressure (path 19 — 30 ~ 31 — 18). 


THE PRESSURE-ENTHALPY DIAGRAM 


The P-h diagram is of Type II since one now has an 
extensive property along one of the axes. Pressure- 
volume and temperature-enthalpy plots are other 
common diagrams in this category; all have similar 
shapes and identical characteristics. 

Figure 2 is a sketch of the P-h diagram for H,0. 
The P scale has been distorted so as to cover the wide 
range of pressure between triple and critical points, 
but the enthalpy axis is approximately to scale. To 
understand how this is related to the first type of 
diigram (Figure 1), imagine that the equilibrium 
linvs in the P-7 plot have been “stretched-out” in the 
X ‘irection. This creates three new two-phase regions, 


solid-vapor, solid-liquid, and liquid-vapor. The first. 


two are parallelogram-shaped bands, the latter is 
do:ne-shaped because the vapor-liquid line has a discrete 
te: ninus at the critical point (point 4). These regions 
coire into being because the value of an extensive 
property (as enthalpy) for one pound of saturated ice 
is .ot the same as the value of this property for one 
poiind of saturated water at the same temperature and 
pressure. 

Carrying the analogy further, it must be obvious that 
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the triple point is now the line along the base of the 
vapor-liquid dome, i.e., line 1-2-3. The abscissal values 
at points 1, 2, and 3 represent the enthalpy in Btu of one 
pound of saturated ice, liquid water, and steam, re- 
spectively, at the triple point. On the other hand the 
critical point is still a point (4 at the top of the vapor 
liquid dome). This is because the distinguishing 
differences between liquid and vapor vanish at the 
critical point, so that: 


Asst. liquid = heat. vapor at P, 


One can use Type II diagrams to examine what happens 
during a phase change and follow the amount quanti- 
tatively as well as qualitatively. 

On the P-h diagram the constant pressure heating 
of ice initially below 0°C. and at 1 atmosphere may now 
be repeated. Starting with the subcooled ice (point 7), 
it is heated to the saturation point 8 and begins to melt. 
At point 9 fusion is complete. The “ice water” is now 
heated to the boiling point, 100°C. (point 10), where 
vaporization commences. Finally, after complete 
evaporation (point 11), the resultant steam is super- 
heated to the final temperature, point 12. 

Likewise the process, 13 ~ 14 ~ 15 — 16, is analo- 
gous to the sublimation process in Figure 1. Consider 
point B in the solid-vapor region. How much ice 
has evaporated? The applicability of the lever rule 
is apparent. The weight fraction of ice is BC/AC, 
the weight fraction of vapor is AB/AC, and the weight 
ratio of ice to vapor is BC/AB. Of course these 
statements apply equally well to mole fractions for this 
system. The lever rule is tantamount to solving the 
energy balance: 


(1 Z)hsoria + = he 


where the h’s refer to enthalpies of one pound of material 
and z is the weight fraction of vapor. It is of course 
impossible to solve for the mass ratios along the triple 
point (line 1-2-3) as this involves three unknowns. 
The other curved lines (7; 7s, 

Figure 2 are isotherms. The slopes of the constant 
temperature lines-in any single phase region can be 
deduced from the observations that the heat content 
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(enthalpy) of any substance rises as its temperature 
increases at constant P, i.e., (0 h/OT)p is positive. 
Similarly, the temperature will rise as the pressure 
increases at constant h, i.e., (O7/OP), is positive. 
Hence by the calculus 


oh oP oT 
(37) 
and the isotherm slope, (OP/0h);, must be negative. 
The isotherms become horizontal lines in any two 
phase region because of phase rule constraints. 

Note that the right-hand part of the dome overhangs 
the base so that it is possible to have two different 
saturated phases (points 20 and 21) with the same 
enthalpy. This trait is not characteristic of Type II 
diagrams but is a peculiarity of the enthalpy function. 
As one increases the pressure of a saturated vapor (such 
as point 20) at constant enthalpy, it is sometimes 
possible for the changes in F and the product Pv to be 
of equal and opposite signs, i.e., (EZ + Pv)o = (EF + 
Pv)». Ona Pv diagram, the vapor-liquid dome would 
have no overhang. 


THE ENERGY-VOLUME DIAGRAM 


Typical of the third class of diagrams, one can choose 
the H-v diagram. (E£ is internal energy; v is specific 
volume.) Now both axes represent extensive prop- 
erties. The shape of the resulting plot is, however, 
not much different from the previous example (Fig. 2). 

If one should “stretch” this figure out in the Y- 


direction, the single and two-phase regions are distorted 
but do not alter their general shape. The triple point 
constitutes the only real difference. The line (1-2-3) 
in Figure 2 is resolved into a triangle, the corners of 
which represent the pure saturated phases. Other- 
wise, the vapor liquid area is still a dome, and the 
critical point is still a point (point 4). 

This is depicted in Figure 3. Again the axes of 
Figure 3 have been distorted somewhat to aid illustra- 
tion. Note the isotherms (7, and 7). In the single 
phase region they are nearly perpendicular to the £ 
axis, since the internal energy function is relatively 
intensitive to pressure and volume changes as compared 
to temperature changes. In other words, 


In the two-phase region, the isotherms rise steeply, 
since there is a large absorption of energy and an ex- 
pansion of volume (at constant pressure). The triple 
point constitutes the only case where an isotherm is 
ever an area. 

Process (7 > 8 ~ 9 ~ 10 — 11 — 12) represents 
the same heating operation as (7 ~ 8 ~ 9 > 10 > 11 
— 12) in Figure 2. It, then, gives a qualitative picture 
of the shape of zsobars (constant pressure lines) on the 
E-v plane. 

As before, tie lines can be employed to estimate the 
amount of phases in equilibrium in a two-phase region. 
In the triangular region 1-2-3, it can be shown that 
the relative amount of each pure phase present is 
proportional to the length of the perpendicular drawn 
from a net composition point such as point C to the side 
of the triangle opposite the vertex in question. For 
example, at C, the weight fraction vapor is: 


w, = CS/(CS + CT + CR) 


aE = f car 


The weight fraction liquid is: 

w, = CT/(CS + CT + CR) 
The weight fraction solid is: 

w, = CR/(CS + CT + CR) 


In many cases, it will be just as easy to obtain this 
information by solving the following system of 
equations simultaneously. 


E. = w.E; + wk, + 
Ve = + Wie + WN, 


Again these relationships apply equally well on a 
molal basis for a one component system. 

It is hoped that the foregoing treatment will help 
the student to understand the principles involved in 
thermodynamic diagrams. Such an understanding is 
essential, particularly to engineering students w 10 
must use the diagram to solve problems involving 1 1¢ 
interconversion of heat and work. 
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THE CHEMICAL AND RELATED LITERATURE 
OF BELGIUM’ 


Bexar is one of the smallest countries in Europe 
(slightly larger than Maryland) but is very densely 
populated, with a population of almost nine million. 
Its colonial empire consists of the Belgian Congo and 
Ruanda-Urundi, a U. N. trust-territory united ad- 
ministratively with the Belgian Congo. 

For its size, Belgium has a tremendous number of 
publications. In 1950, around 2000 periodicals were 
being published, many of them of scientific interest. 
The number of Belgian journals abstracted by Chemical 
Abstracts has almost tripled since 1936. In 1957 C.A. 
covered about 130 publications, of which about two 
thirds were periodicals. Chemisches Zentralblatt pres- 
ently covers about 45 periodicals and about a dozen 
other serials. World Medical Periodicals, published in 
1953, lists over 60 current Belgian medical periodicals. 
Many of these are covered by C.A. or C.Z.; others by 
one or more of the medical abstracting services. In 
the studies of world chemical research activity pub- 
lished by E. J. Crane of Chemical Abstracts Service at 
various intervals over the past 40 years, usually based 
on countries of origin of abstracts published in C.A., 
Belgium generally ranks somewhere between tenth and 
fifteenth. In 1957, it contributed about 0.74% of the 
abstracts, and about 1.7% of the journals abstracted. 

Belgium is a bilingual country. Both French and 
Flemish (which is almost identical with Dutch) are 
used in scientific publications. At present, French is 
by far the more important, accounting for about 70% of 
the total, with Flemish contributing about 15%. 
Several international journals are published in Bel- 
gium, and these include contributions in English, 
German, and occasionally, Italian and Spanish, 
which account for the remainder. 

In the limited space available, I shall discuss only a 
few of the many periodicals being published at present. 
M:ny papers and even books have been written in an 
atiempt to rate the “importance” of periodicals in 
various branches of chemistry and other sciences. 
Unfortunately, the results vary—and quite widely— 
with the method of rating used, and not too much 


sig \ificance can be attached to these numerical ratings. 


H« ever, I have tried to include most of the journals 
rat-d highly on one or more of these lists. 

in the case of journals with both French and Flemish 
tits, I have generally used the French name. 
M: oy mame changes have taken place; in general, 
journals are referred to by their current names. 


‘ Presented before the Division of Chemical Literature at the 
13-:1d Meeting of the American Chemical Society, New York, 
Se)'ember, 1957. 
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PUBLICATIONS OF EDUCATIONAL INSTITUTIONS 


Belgium has four universities: The Catholic Uni- 
versity of Louvain (1425),? the State Universities of 
Ghent and Liége (both 1817), and the Université Libre 
of Brussels (1834). The language of instruction is 
French at Brussels and Liége, Dutch at Ghent, and 
Dutch and French at Louvain. The University of 
Louvain is by far the largest, with about 10,500 students 
in 1957. In that year, the University of Brussels had 
about 4500 students, and the Universities of Ghent 
and Liége each had between 3500 and 4000. Each of 
the universities has a faculty of science and a faculty 
of medicine. In addition to these four universities, 
there are a large number of technical and engineering 
institutes. 

Many of the Belgian educational institutions publish 
scientific periodicals, such as the Bulletin du Centre de 
Physique Nucléaire de l Université Libre de Bruzelles, 
and Agricultura, published by the Institut Agrono- 
mique of the University of Louvain. The University 
of Louvain also publishes La Cellule (1884,3), which 
carries original papers in cytology, histology and 
general biology. In a recent volume, the 15 papers 
came from eight countries, and were mostly in French 
or English. 

Another large group of publications is sponsored by 
the many associations of former students of various 
colleges and universities. These include L’/ngénieur 
Chimiste, published by the Association des Anciens 
Etudiants de I’ Institut Meurice-Chimie and the Bulletin 
Scientifique A.I.M. of the Association des Ingénieurs 
Electriciens Sortis de l'Institut Electrotechnique 
Montefiore. The Cercle Scientifique des Anciens Eléves 
de l'Institut de Pharmacie A. Gilkinet, (which is 
attached to the Faculty of Medicine of the University of 
Liége), publishes annual volumes containing reports of 
conferences and other papers in the field of pharmacy 
and pharmaceutical chemistry. This institute also pub- 
lishes a biennial volume of Travaux Publiés par I’ Institut 
de Pharmacie A. Gilkinet de 0 Université de Liége, con- 
taining reprints of papers published by its staff in 
various journals. Both publications are in French. 
The Association des Ingénieurs Sortis de |’Ecole de 
Liége publishes the monthly Revue Universelle des 
Mines, de la Métallurgie, de la Mécanique, des Travaux 
Publics, des Sciences et des Arts Appliqués 4 I’Industrie 
(1857). This is in French and includes an abstract 
section. 


? Birth dates of organizations and publications are given in 
parentheses, followed, in the latter case, by the current number 
of issues per year. 
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There is, unfortunately, no central source of in- 
formation about Belgian university theses. They 
are not included in the Bibliographie de Belgique, and 
the only lists of theses are those published in the year- 
books of the individual universities. The only copies 
of theses are those in the university libraries, and some 
are not even available there. Obviously, this is not a 
desirable state of affairs. Some years ago, a three-man 
commission appointed by the Classe des Sciences of 
the Académie Royale de Belgique studied this problem 
and recommended that a collection of copies of all 
university publications be established and kept at 
the Académie Royale. Apparently, this has not been 
accomplished as yet. 


PUBLICATIONS OF LEARNED AND 
PROFESSIONAL SOCIETIES 


The Classe des Sciences of the Académie Royale des 
Sciences, des Lettres et des Beaux-Arts de Belgique 
(1772) publishes a monthly Bulletin (1835,12) con- 
taining reports of the meetings, communications, and 
papers. The papers are all in French and deal mostly 
with physics, with a few on mathematics and chemistry. 
The Classe des Sciences also publishes two sets of 
Mémoires, one in quarto and one in octavo, both 
irregularly, and an irregular series of Publications de la 
Fondation Agathon de Potter. On the Flemish side, 
there is the Koninklijke Vlaamse Academie Voor 
Wetenschappen, Letteren en Schone Kunsten van 
Belgié, whose Klasse der Wetenschappen publishes 
irregular M ededelingen and V erhandelingen. 

Belgium has two medical academies, the Académie 
Royale de Médecine de Belgique (1841), and the 
Koninklijke Vlaamse Academie voor Geneeskunde van 
Belgié (1938). These publish, respectively, a Bulletin 
(11) and a Verhandelingen (6). 

The Association des Sociétés Scientifiques Médicales 
Belges (A.S.8S.M.B.) (1945), through its publishing 
house, Les Editions ‘‘Acta Medica Belgica,” publishes 
a variety of medical books and is also connected with 
the publication of 17 medical journals. Among these 
is the official organ of the association, Archiva Medica 
Belgica (1946). This is in French, and appears from 
6 to 10 times a year. It consists mainly of an abstract 
section, Bibliographica Medica Belgica, which covers 
all articles published in Belgian medical periodicals, 
and carries between one and two thousand items a year. 
The author’s abstract or a signed abstract is given for 
all original work; for other articles only the title is 
given. Entries are arranged alphabetically by author 
under 38 subject headings. The Archiva also includes 
tables of contents of the other 16 journals, and pub- 
lishers’ announcements of new Belgian and foreign 
medical books. 

There are many other learned societies in various 
Belgian cities. In Antwerp, the Société Belge de 
Médecine Tropicale (1906) publishes Annales (1920,6), 
with papers mostly in French, a few in Dutch and an 
occasional one in English. All papers have summaries 
in Dutch and French. The Société Scientifique de 
Bruxelles, in conjunction with the Union Catholique 
des Scientifiques Frangais, presently publishes two 
journals: One is Série I of the Annales de la Société 
Scientifique de Bruxelles (1875,3). This is in French, 
with occasional papers in English, and consists of 


two sections, Sciences Mathématiques et Astronomique: 
and Sciences Physiques et Chimiques. The other i: 
Revue des Questions Scientifiques (1877,4), also in 
French, with papers in the exact and experimenta 
sciences, reports of meetings, and a section devoted t:. 
book reviews. 

Turning to professional societies, we have, first 
the Société Chimique de Belgique. This was founde 
in 1887, and in that year started publishing th 
journal that is now called Bulletin des Sociétés Chimique « 
Belges. The Vlaamse Chemische Vereniging, whos 
members used to publish (in Dutch) in the Natuur 
wetenschappelijk Tijdschrift until 1943, is now th: 
other co-publisher of the Bulletin. This journa 
accepts papers in French, English, or Dutch, but ii. 
practice the great majority of the papers are in French 
with a few in English and hardly any in Dutch. Al! 
French articles carry English summaries. Six bi- 
monthly double numbers are published per year. 
The articles are mainly in the fields of physical and 
organic chemistry 

Technisch-Wetenschappelijk Tijdschrift is a monthly 
journal published by the Koninkliike Vlaamse In- 
genieurs Vereniging, and is almost entirely in Dutch. 
It contains a few signed articles in each issue, with 
summaries in Dutch, French, English, and German. 
It also carries book reviews and titles of articles from 
about 75 journals. Topics covered include archi- 
tecture, hydraulic engineering, chemistry and the 
chemical industry, agriculture, physics, and other 
pure and applied sciences. 

The Journal de Pharmacie de Belgique (1919,6,), 
the scientific organ of the Fédération des Unions et des 
Ceuvres Pharmaceutiques Belges, is in French and 
contains original papers, abstracts, and book reviews. 
The articles carry summaries in English and French. 
The abstracts are classified under various subject 
headings, such as general, analytical, pharmaceutical, 
and biological chemistry, antibiotics and chemo- 
therapy, etc. 

Various international periodicals are published in 
Belgium. The Archives Internationales de Pharmaco- 
dynamie et de Thérapie (1894,12) publishes original 
experimental papers in Dutch, English, French, 
German, Italian, or Spanish. In recent volumes, 
over half the papers were in English, followed in order, 
by French and German. All papers carry a summary 
in the language of the paper. The Archives Inter- 
nationales de Physiologie et de Biochemie (1904,4) 
publishes original experimental work in French or 
English (mostly in French). It includes papers 
from meetings of the Société Belge de Physiologie aid 
the Société Belge de Biochimie. Acta Unio Intc’- 
nationalis Contra Cancrum, (1936,4) is a publicatic: 
of the International Union Against Cancer (UICC , 
and carries the proceedings of the Internation: | 
Congresses on Cancer. The papers are mostly ©) 
English, some in French, with occasional ones 
Spanish, German, Italian, or Russian. All of the 
carry English and French summaries, and the table : [ 
contents is also in English and French. Anoth ° 
international journal published in Belgium is Os? s 
(1936), which deals with the history and philosophy |‘ 
science. This was founded and edited for mai y 
years by the late George Sarton, the noted Belgian-bo: 
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scientific historian. Finally, Belgium has its share of 
international congresses and conferences, with their 
resultant publications. For example, six of the 29 
Congrés Internationaux de Chimie Industrielle have 
been held in Belgium. 


INDUSTRIAL CHEMISTRY 


The most important publication in this field is 
L’Industrie Chimique Belge, published by the Fédéra- 
tion des Industries Chimiques de Belgique. This 
started life in 1921 as the Bulletin de la Fédération des 
‘ndustries Chimiques de Belgique, and was published 
inder this title until 1929, as part of the Bulletin de la 
Société Chimique de Belgique. It has been a separate 
publication since 1930, and appears monthly. It 
carries scientific articles, scientific and technical news 
of the Société Chimique de Belgique and Vlaamse 
Chemische Vereniging, chemical market news, book 
reviews, abstracts, titles of Belgian chemical patents, 
and a list of foreign-owned Belgian patents available 
jor licensing. The articles are almost all in French, 
with a very few in Dutch or English. However, all 
articles carry Dutch, French, English, and German 
summaries. The rest of the journal is also almost 
all in French, with a few of the abstracts in Dutch. In 
the field of fermentation we have Fermentatio (1939,6), 
and Revue des Fermentations et des Industries Ali- 
mentaires (1946,6). For the sugar industry, there is 
La Sucrerie Belge (1872,12), which includes an abstract 
section, and in the field of explosives, Explosifs (1948,4). 
Paints and varnishes are served by La Chimi: des 
Peintures (1938,12). This is entirely in French and 
carries signed articles, announcements, book reviews, 
abstracts, lists of industrial publications, industrial 
news, and market reports, listing the London, Brussels, 
and New York prices of various chemicals. Silicates 
Industriels (1929,10), is sponsored by a number of 
associations in the glass, ceramics, and enamel in- 
dustries. It carries articles, book reviews, titles of 
articles from about 25 journals dealing with glass, 
enamel, refractories and cement, announcements of 
meetings, and lists of specifications published in 
various countries. The articles are mostly in French, 
with a few in German, English, and Italian. In the 
textile industry, there are Revue Textilis (1955,12), 
published in French and Flemish, and Rayonne et 
Fibres Synthétiques (1945,12). The latter has an 
abstract section. In the field of water and sanitation 
we have La Technique de Eau et de l’ Assainissement 
(1947,12), in French. This carries articles, announce- 
ments, book reviews, titles of papers from about 20 
journals, and a question-and-answer column. The 
teble of contents of the journal is printed in French, 
Dutch, English, German, and Italian. 

The Centre Belge d’Etude et de Documentation des 
E.ux (CEBEDEAU) (1940), carries on research on 
c:rrosion by water, the use and treatment of water in 
industrial plants, and the treatment of industrial and 
wban sewage. It publishes a Bulletin (1948,4) and a 
Bulletin Mensuel (1950,10). The articles are generally 
in French, with a few in Flemish. The center has 
also published Le Livre de I’Eau, a four-volume 1000- 
p: ge work, in French. The Centre Belge d’Etude de la 
Corrosion (CEBELCOR), works in the fields of cor- 
rosion, protection of materials, and related topics. 
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It has a large number of publications, all irregular. 
Among them are Recueils de Mémoires, containing 
reports and statements of general interest, Notes 
d’Information, giving summaries of the activities of 
CEBELCOR, and a series of Rapports Techniques. 
These technical reports, although not very elegant in 
appearance (they are mimeographed), contain very 
valuable experimental data. The language of pub- 
lication is usually French, occasionally English and 
German. CEBELCOR, which has many non-Belgian 
members, also provides a documentation service for 
its membership, similar to that provided in this country 
by the National Association of Corrosion Engineers 
(N.A.C.E.), with whom CEBELCOR exchanges in- 
formation. 

Publications of individual companies include Bulletin 
Mensuel de la Cophaco, published by the Compagnie 
Générale de Produits Chimiques et Pharmaceutiques du 
Congo, and the quarterly Revue des Roulements a 
Billes, published by the Société Belge des Roulements a 
Billes SKF. The Chemical Works at Boechout pub- 
lishes Alchimist (1946), ‘‘a monthly review devoted to 
perfumery, cosmetics and soaps.” This appears in 
five editions—in Dutch, German, English, French, 
and Spanish. 


PATENTS 


The most noteworthy feature of the Belgian patent 
system is its speed. There isnoexamination. Patents 
applied for in the first half of a month are automatically 
granted on the last day of that month. If applied 
for in the second half, they are granted on the 15th 
of the following month. However, once the patent 
has been granted, it remains secret for three months 
from the date of grant, and third parties may not 
obtain or inspect copies during this period. If the 
applicant so desires, the grant and the period of secrecy 
may be postponed to a date six months from the 
filing date. 

The official Belgian patent journal is the Recueil 
des Brevets d’Invention (1854). This appears irreg- 
ularly, about 12 times a year, and each issue contains 
résumés of all patents filed during a period of one month. 
These generally consist of the main claim and one 
figure of the drawing, if there is one. The Recueil 
is bilingual, and each résumé is in the language of the 
application, generally French. The patents are clas- 
sified according to both the International System and 
the Belgian system, which is similar to the French. 

Unfortunately, the Recueil appears about two 
years after the filing date of the patents it contains, 
and we must look elsewhere for prompt information 
on Belgian patents. There are at least three sources 
for such information: Each monthly issue of 
L’Industrie Chimique Belge contains a list of patent 
applications of chemical interest filed during the 
preceding month. This journal will also supply 
information about patents, or photocopies of patents, 
as soon as the period of secrecy has expired. The 
Belgian patent attorneys J. Gevers & Cie. publish a 
monthly bulletin, Repertory of Recent Belgian Patents, 
which is more general, and is a classified listing of all 
Belgian patents applied for during the preceding month. 
Finally, the London firm Derwent Information Services 
publishes the fortnightly Derwent Belgian Patent 
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Report, which contains detailed abstracts (in English) 
of recent patents falling within the following seven 
categories: Plastics and Metal Finishing; Textiles, 
Dyeing and Cellulose; Pharmaceuticals and Photo- 
graphic; Petrochemicals; General Organic; General 
Inorganic and Plant; and Metallurgy. 

Belgian patents have been printed since January, 
1950, and printed copies of patents issued since then 
can be obtained from the Belgian Patent Office between 
one and two years after the date of grant. Photo- 
copies are available somewhat earlier. For patents 
issued before 1950, photocopies of the typewritten 
specification can be obtained. 

Coverage of Belgian patents by the major ab- 
stracting services has been erratic. Chemisches Zentral- 
blatt has abstracted them regularly since 1953, and 
has continually increased its coverage, from about 40 
in 1953 to a total of 867 in the year 1957. (This number 
includes cross-references to identical patents pre- 
viously issued in other countries.) C. A., on the other 
hand, seems to be decreasing its coverage—there 
were over 100 abstracts of Belgian patents in 1954 
and only 33 in 1957. 

Coverage of Belgian patents does not extend to the 
Belgian Congo, which has its own patent system, 
similar to that of Belgium. There are no printed 
copies of Belgian Congo patents, but photostatic 
copies of the typewritten specification can be obtained, 
after the period of secrecy has expired, from the 
Ministry of Colonies in Brussels, or from the Governor- 
General’s Office in Léopoldville. Résumés of the 
patents are printed in the Bulletin Officiel du Congo 
Belge. This appears quarterly and can be obtained 
only by subscription. 


BIBLIOGRAPHY AND DOCUMENTATION 


The Belgian national bibliography, Bibliographie de 
Belgique (1875,12), is published by the Bibliothéque 
Royale in Brussels. It lists all books and other printed 
material published in Belgium and also works published 
abroad relating to Belgium or by Belgian authors. 
The entries are arranged by broad subject fields. 
Complete bibliographic data and a Universal Decimal 
Classification number are given for each item. Official 
government publications are entered in the subject 
classes by title or author, without differentiation from 
unofficial works. There is no separate catalogue of 
government publications. New periodicals and former 
periodicals appearing under new titles are also recorded 
in the Bibliographie. Each monthly issue contains 
author, title, and subject indexes, and these are cumu- 
lated annually. 

A very useful work on Belgian periodicals is the 
Répertoire des Périodiques Paraissant en Belgique. 
This appeared in 1951 and is a list of all periodicals 
that were being published in 1950 and were received by 
the Bibliothéque Royale, which, by statute, collects 
all Belgian publications. It contains over 2400 titles. 
Many of these are merely cross-references; also all 
bilingual journals are listed separately under both 
titles, so that the actual number of periodicals is 
appreciably smaller, but still very impressive. All 
available bibliographical information is given for each 
journal, and the titles are indexed by subject, by 
publishing organization, and by city of publication. 
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A supplement to the Répertoire, published in 1955, 
contains an alphabetical list of over 1800 entries, 
covering periodicals that started publication between 
1951 and the end of 1954, and some earlier publications 
that were omitted from the first edition. There is 
also an appendix listing all significant changes relating 
to periodicals covered in the main work. 

The Belgian branch of the International Federation 
for Documentation (F.I.D.), the Association Belge 
de la Documentation (A.B.D.), provides various 
bibliographic and documentational services to its 
members, and publishes Les Cahiers de la Documenta- 
tion (1947,10) which contains articles in French and 
Dutch. It also publishes the monthly Bulletin des 
Sommaires des Périodiques de Belgique. This is an 
index to articles in Belgian periodicals, arranged 
according to the Universal Decimal Classification. 


MISCELLANEOUS 


The Fondation Universitaire (1920) was established 
to encourage higher education and research in Belgium 
and to provide subsidies for the publication of literary 
and scientific works. Many Belgian scientific period- 
icals.are receiving financial support from this organiza- 
tion. In 1928, the foundation helped to establish 
the Fonds National de la Recherche Scientifique, 
which sponsors a large amount of research in many 
fields of pure and applied science. Its annual reports 
include lists of work in progress and of publications 
based on research supported by the fund. 

A very useful reference work for Belgian science is 
the Inventaire des Ressources Scientifiques Belges. 
This was published by Universitas Belgica, the Belgian 
national group of the International Association of 
University Professors and Lecturers (I.A.U.P.L.), 
and is divided into three parts. Part III, publistied 
in 1955, as a series of paper-bound booklets, deals 
with pure and applied sciences, and consists of 10 
chapters: educational sciences; mathematics; physics, 
geophysics, and astronomy; chemistry; geography and 
mineralogy; biology; physical education and hygiene; 
applied sciences; agronomy; and research laboratories 
of private firms. Chapter IV (Chemistry) includes 
a list of the chemistry courses given in Belgian colleges 
and universities arranged according to the Universal 
Decimal Classification: a list of professors of chem- 
istry—giving special fields of interest, courses taught, 
co-workers, publications, and other information; and 2 
brief list of chemical institutes and periodicals. There 
is a subject and personnel index. Chapter 10 con- 
tains a description of about 60 industrial research 
laboratories, with a subject index and an index of 
special apparatus. 

In the field of industrial chemistry, the Fédération 
des Industries Chimiques de Belgique publishes varios 
items of interest, including the annual Annuaire de ‘a 
F.I.C.B.. (a directory of chemical products wih 
their manufacturers and merchants), and vario's 
pamphlets dealing with individual branches of 1 :¢ 
chemical industry, chemical export trade, and ot! 'r 
industrial matters. 


Belgium,though small in size, is turning out a goo. y 
amount of scientific literature. As Frédéric Ly 4 
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says in his preface to the Répertoire des Périodiques 
Paraissant en Belgique: 


Nous ne devons pas craindre la comparaison avec |’étranger. 
Notre vigueur intellectuelle reste entiére: elle est garante de 
notre avenir. 
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TEACHING CHEMISTRY IN SOVIET SECONDARY 


SCHOOLS 


Recent reports on the status of Soviet science instruc- 
tion often leave conflicting impressions. It may be of 
interest to readers of THIS JOURNAL to have an account 
of the instruction in chemical technology typical of a 
Soviet secondary school. The following information 
is hased on a book by Yu. I. Kolosov, Director of the 
Secondary School No. 195 in Leningrad.? The book 
was published by the Academy of Pedagogical Sciences, 
and can, therefore, be considered official. Its main 


function appears to be as a manual for principals and 


scicnee teachers in secondary schools. 
CLASSROOM WORK 


In the first section the author discusses the pres- 
ent.tion of the basic chemical technology to be taught 
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in the 8th year (to 15 years old). The instruction 
starts with the description of hydrochloric acid pro- 
duction. Designs of industrial installations are shown, 
the properties of construction material are described, 
the equilibria and possible side reactions are discussed. 

Next the production of sulfuric acid is presented. 
Since sulfur-containing ores are the main sources of 
sulfur in the Soviet Union, several periods are spent in 
describing the preparation of raw materials. This 
gives an occasion to show the operation of a laboratory 
flotation tank. Various ore-crushing, milling and 
separating machines such as roll crushers, cyclones, 
and Cottrell precipitators are described. As an example 
of a catalytic process, the formation of sulfur trioxide 
from sulfur dioxide is illustrated. 

The industrial processes for the production of am- 
monia and nitric acid are taught in the 9th year. The 
physico-chemical basis for the reactions is outlined first. 
Considerable time is spent in discussing production 
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facilities. This is followed by the description of the 
production of superphosphate and other fertilizers. 

Processes based on electrochemistry are taught in 
the 10th year. The method of approach is the same 
as for other topics. It starts with a statistical data 
sheet emphasizing the quantity and importance of 
electrochemical methods. Ionization in water and in 
hot melts is discussed next. Modern electrolytic 
cells used in plants are described (e.g., a version of 
De Nora’s chlorine cell). A total period of 30 teaching 
hours was assigned to the topic “Metals” in 1953/54. 
Chemical reactions taking place in blast furnaces and 
during smelting operations are dealt with in consid- 
erable detail. The gasification of coal and the coking 
process is discussed at length. 

Of the organic industrial processes the synthesis of 
methanol, ethanol, and acetaldehyde is taught first. 
Next on the schedule is synthetic rubber and other 
natural and man-made polymeric substances. The 
production of viscose, hydrolysis of wood, and fermenta- 
tion processes for the manufacture of ethanol, methanol, 
and acetone are discussed in sequence. 

Students are given an idea of the economics involved 
in chemical processes (‘“‘wasteful industrial competition 
of the capitalist system” is mentioned), emphasizing 
proper design of machinery for the recovery of by- 
products and heat. The synthesis of ammonia is 
studied as an example of a process in which numerous 
factors must be considered to achieve optimum effi- 
ciency. Demonstrations are used profusely as teaching 
aids. Simple apparatus is emphasized and models of 
plant installations are prepared either by students or 
in school shops. Most larger secondary schools 
appear to have their own glass and machine shops. 
All students are required to gain some skill in using 
tools and machines such as lathes. 

Laboratory assignments are intended to familiarize 
students with equipment, introduce them to assembling, 
manipulating, and taking apart instruments, and to 
acquaint them with the most common chemicals. 
In the 10th year each student is assigned 20 laboratory 
experiments such as preparation of cement, softening 
of water, preparation of sodium carbonate, corrosion 
of metals, catalytic oxidation of sulfur dioxide, electrol- 
ysis of sodium chloride, or production of plastics. 
The last set of assignments is in qualitative chemistry. 

The discussion of each topic is concluded with a 
four to five hour visit to an appropriate plant. These 
trips are well planned and students are required to 
submit written reports on what they have seen and 
learned. These reports are often accompanied by 
samples of raw materials or intermediates in test 
tubes fastened to cards. 


EXTRACURRICULAR ACTIVITIES 


Activity outside of the classroom concentrates on 
work in various clubs, such as Chemistry of Life 
Inorganic, Physical, Organic, Biological Chemistry 
Assembly of Chemical Instruments, Research Method: 
Club, or Committee on Organization of [Chemical 
Olympiads. (The idea behind high school Scienc: 


Fairs in this country is similar.) On such occasion. 


students get in personal contact with prominent mei 
of science; at least a few members of the Academy o! 
Sciences are on hand to chat with them. A grou) 
of students takes care of editing a periodical. Another 
group handles the library. 

These clubs help to keep students occupied full-time 
and foster both individual and group activity. Kolosoy 
gives an illustration of a simple gas burner constructed 
by a student, and reprints a drawing of a blast furnace 
done by another student. It is interesting to note that 
only the initials of outstanding students are given. 
Particular stress is put on conferences such as the one on 
function and achievements of the Soviet metallurgy in 
the fifth five-year plan, or one commemorating the 
work of the eminent organic chemist, N. D. Zelinskii. 
Distinguished men of industry and education are invited 
to such meetings. On one occasion the students of 
the school mentioned received letters from A. N. 
Nesmeyanov, an organic chemist who is the President 
of the Soviet Academy of Sciences. 

Perhaps most conspicuous in this program is what 
might be called a logistic approach. The impression 
that too much time is spent on certain topics is in- 
evitable. Why this is so may be understood from the 
author’s statement at the end of the book that many 
students graduating from secondary schools are going 
directly into industry. 

The instruction is intertwined with praise of the 
accomplishments of Russian scientists and the Soviet 
system. On the other hand, it gives a substantial 
degree of freedom to personal engagement if not during 
class and laboratory periods, at least in outside-class- 
room activities, probably more than might sometimes 
be judged. That the whole science curriculum is 
much more straight-jacketed than it is in the United 
States reflects the general uniformity and the presence 
of an authoritative and efficient central organization. 
Nevertheless, those responsible for the program appear 
to be aware of shortcomings. The author of the book, 
Kolosov, asks readers for criticism. The teachers 
gather frequently to discuss problems encountered 
in classrooms. There are, of course, no PTA or similar 
organizations which might distract attention to es- 
sentials of curriculum. 


E.T.S. VISITING ASSOCIATESHIPS IN TEST DEVELOPMENT 


Two Visiting Associateships in Test Development are being offered to secondary school or college 
teachers by the Educational Testing Service, one in science and one in mathematics. The appoint- 


ments will be for July and August, 1959. The Associates will work primarily on tests at the col- 
lege-entrance and higher levels. They will analyze existing tests and work on planning new ones. 
The stipend is $700 plus transportation to and from Princeton. Application forms must be sub- 
mitted by February 27, 1959. All inquiries should be addressed to: Mrs. W. Stanley Brown, 


Educational Testing Service, 20 Nassau Street, Princeton, New Jersey. 
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LIMITATIONS OF THE RADIOACTIVE TRACER 


METHOD 


Tue use of radioactive atoms as tracers is based on 
two characteristics of such atoms which are stated 
by Wahl and Bonner (/) as follows: “Before a radio- 
active atom decays, its chemical behavior is essentially 
the same as that of other atoms isotopic with it; 
when a radioactive atom does decay, it emits energetic 
radiation that may be detected.”” Thus, radioactive 
atoms serve as tagged or labeled atoms whose behavior 
in a system serves to indicate the behavior of all 
isotopic atoms originally in the same chemical form. 
It is as if certain of the atoms of an element could be 
painted with a characteristic color for which there is 
an extremely sensitive detection instrument. The 
behavior of all the atoms of this element in a system 
could be determined simply by observation of the 
colored atoms. 

Isotopic atoms which are not radioactive have been 
used for many years as tracers. In 1934 Polanyi 
and Szabo used oxygen-18 as tracer to elucidate the 
mechanism of esterification (2), and Hevesy and 
Hofer used deuterium to determine the water content 
of the body by isotope dilution (3). 

The special virtue of radioactive atoms is the extreme 
sensitivity with which such atoms may be detected. 
It is of interest to illustrate the sensitivity of radio- 
isotope measurement by a calculation of the amount 
of an isotope of promethium (4) necessary for detection 
and measurement. In terms of the half-life the 
radioactive decay law becomes 


—dN /dt = 0.693N /t1/. 


and the number of atoms required for.a given decay 
rate is 


N = (—dN/dt) t1/./0.693 


Promethium-149 has a half-life of 47 hours and emits an 
easily detected beta particle of 1.1 Mev. maximum 
energy. A counting rate of 30 counts per minute 
will be assumed as measurable with reasonable accuracy 
(1-5%) in a reasonable period of time ( 1 hr.) using 
a standard end window counting assembly assumed 
to detect about 20% of all beta particles emitted by 
the sample. For these conditions 


N = (30 c./min.)(47 hr.)(60 min./hr.)/(0.2)(0.69) = 
6.1 X 10° atoms, 
N = 6.1 X 10°/6.0 X 107? = 10~'8 gram-atoms, 
W = 10-8 X 149 = 1.5 X 10~"* grams 


There is no other method which could detect anywhere 
near as little promethium as 10—" grams. 

There are two general limitations on the use of 
tadioactive atoms as tracers which are implicit in the 
introductory statement of the characteristics of such 
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atoms. Although these limitations are usually men- 
tioned in textbooks of radiochemistry, they are rarely 
emphasized sufficiently or treated in sufficient detail to 
provide the neophyte with an adequate basis for 
understanding the fundamental nature of these limi- 
tations or the circumstances under which they need 
to be taken into consideration. 

Almost all tracer experimentation is based on the 
assumption of “essentially” identical chemical behavior 
of the isotopes of an element, the first characteristic. 
The constancy of isotopic composition of elements in 
the earth’s crust and the difficulty (but not impos- 
sibility) of separation of isotopes by chemical means 
are perhaps sufficient justification for such an assump- 
tion in most cases; however, there are differences in 
chemical behavior of isotopes, and it is of interest and 
importance to understand how isotopic mass influences 
chemical behavior and to appreciate the order of 
magnitude of this isotope effect. 

Secondly, emission of energetic radiation by a 
radioactive tracer atom which is the basis for its 
detection, the second characteristic, produces—except 
in the case of a nuclear isomer tracer—an atom of 
another element and necessarily results in chemical 
change. The number of such transmutations is 
however quite negligible compared to the amount of 
chemical change produced in the system by the effect 
of the energetic radiation which accompanies each 
transmutation. Thus, it is necessary to consider 
whether the amount of energetic radiation emitted by 
the decaying tracer atoms will cause sufficient chemical 
change in the system to invalidate the interpretation 
of the tracer experiment. 

For an _ interesting quantitative discussion of 
another possible source of error in tracer studies see 
the paper by Ropp (4) in THs JoURNAL. 


EFFECT OF RADIATION ON A TRACER EXPERIMENT 


A method of estimation of the magnitude of the 
effect of radiation decomposition may be illustrated 
by a calculation for a simple, hypothetical system. 
A tracer experiment is to be conducted for a period of ¢ 
hours using V liters of an M molar solution of some 
compound which contains N carbon atoms per molecule 
labeled with carbon-14 of specific activity S. This 
isotope of carbon has a half-life of 5568 years, emits a 
beta particle of 0.155 Mev. maximum energy with a 
range of 30 mg./cm.? in aluminum, and has a disinte- 
gration rate of 4.61 curies/g. (6). 

The number of curies of carbon-14 present in the 
system is 


MXVXNXS X 14.0 X 4.61 = 64.5 MVNS curies 
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The curie is defined as that amount of a radioisotope 
which is necessary to provide 3.7 X 10" disintegrations 
per second (7). The energy of the beta particle 
emitted may vary from zero to the maximum. The 
energy difference between the maximum energy and 
that of a beta particle is carried off by a neutrino and 
is not absorbed in the system. The average energy 
per beta particle is about one-third the maximum 
energy; therefore, the beta energy being emitted is 


64.5 MVNS X 3.7 X 10 X 1/3 X 1.55 X 105 = 
1.23 X MVNS ev./sec. 


Assuming the range of the beta particles to be 
essentially the same in the system as in aluminum and 
approximating the density of the system as about 
1 g./cm.*, the range in millimeters is 


0.03 g./em.?/1 g./em.* = 0.03 em. = 0.3 mm. 


Since this is the range of a maximum energy beta 
particle and since even half of the beta particles right 
at a solution interface will be emitted back into the 
solution, ii is apparent that for any reasonable volume— 
in excess of about 1 ml. and not too thin in shape—all 
the beta energy may be assumed to be absorbed within 
the volume of solution. The rate of energy absorption 
by the solution is then equal to the rate of energy 
emission, 
1.23 X MVNS ev./sec. 


It is now necessary to know the efficiency with which 
this energy effects decomposition of the compound 
under study. The yield of a radiation chemical 


reaction is denoted by the symbol G which is defined 
as the number of molecules of reactant decomposed 
or of a particular product formed for 100 ev. of energy 
absorbed in the system (8). The number of molecules 
of the compound which will be decomposed by the 
absorbed radiation in ¢ hours is then 1.23 X 10” 
MVNS X 3600 t X G/100 = 4.44 x 10% MVNSGt 
molecules. This corresponds to a fraction of the total 
number of molecules of the compound originally present 
in the system equal to 


4.44 X 108 MVNSGt/MV xX 6.03 X = 7.36 X NSGt 
or in parts per million. 
7.36 NSGt p.p.m. 


Calculation for a particular set of conditions is 
instructive. Assume a compound of 6 carbon atoms 
per molecule in which the specific activity is unity 
(all carbon atoms in the system are carbon-14) and that 
the experiment is carried out over a period of 10 hours. 
G values may vary over a wide range depending on the 
nature of the chemical system. For example, the G 
value for total gas production from liquid benzene at 
room temperature is 0.06 while the G value for the 
gaseous chain reaction between hydrogen and chlorine 
may be as large as 100,000 (8); however, in the absence 
of chain reactions and unusual stability such as that 
of aromatic compounds, a G value of the order of 
unity may reasonably be assumed for most systems 
under ordinary conditions. 

Under the postulated conditions the fraction de- 
composition due to tracer radiation becomes 


7.36 X 6X 1X 1X 10 = 442 p.p.m. ~ 0.04% 


Since tracer experimentation is rarely more precise 
than 1%, it is apparent that the effect of radiation 
decomposition is negligible even when carbon-14 of 
unit specific activity is used (which is rarely the case). 
Only for compounds of very large N or G and for long 
experiments would the effect become appreciable, 
especially for the much lower carbon-14 specific 
activities ordinarily used. 

Sulfur-35 decays by soft beta emission of maximum 
energy 0.167 Mev. at a rate equal to 4.28 10‘ curies 
/g. (6). A similar calculation may be made for a 
system in which this radioisotope is used as tracer and 
gives for the fraction compound decomposed 


1.84 X 105 NSGt p.p.m. = 18.4NSGt% 


Assuming only one sulfur atom per molecule, S = 1 
G = 1, and¢ = 10, the fraction decomposition become: 
184%. Obviously, sulfur must be used at very low 
specific activities. In work of the author (9) the 
maximum specific activity of the sulfur employed was 
about 10—-" which would give a fraction decomposition 
due to radiation of 1.84 & 10-* p.p.m. 

A similar calculation may be made for other soft 
beta emitters and for alpha emitters. The calculation 
for hard beta and gamma emitters requires a correction 
for the fraction of energetic radiation emitted which 
is absorbed in the system. 

Discussions of the mechanisms whereby radiation 
causes chemical change may be found in the review 
articles of Burton (8) and Hart (10). 


ISOTOPE EFFECT ON REACTION RATES 


The effect of isotopic mass on the rate of a chemical 
reaction may be illustrated in a fairly elementary 
manner by application of the collision theory of reaction 
rates to a very simple type of reaction for which the 
isotope effect would be a maximum. 

Consider a chemical reaction in which the rate 
determining step is dissociation of a diatomic molecule. 


As = 2A 


In accordance with a simple collisional model, the rate 
of reaction will be given by the number of collisions 
suffered by these molecules per cubic centimeter per 
second multiplied by the fraction of such collisions 
in which the relative kinetic energy along the line of 
impact exceeds the dissociation energy of the molecules. 

If the collision diameter of a molecule is represented 
by o, then one molecule may be imagined to have a 
radius of o and all other molecules may be considered 
as points. In one second a cylinder of volume ro? 7 
will be swept out by the hypothetical double-sized 
molecule, and all hypothetical point molecules within 
this volume will have suffered a collision with it. 
Therefore the number of collisions per molecule 
per second is simply ro? V C where V is the mean 
relative molecular velocity and C is the concentration 
of molecules per cc. The total number of collisio.s 
between all molecules per ce. per second then becom:s 
(1/2) wo? V The fraction of such collisions 
which the relative kinetic energy along the line of 
impact exceeds the dissociation energy, Ep, my 
be shown to be simply the familiar Arrhenius expressi:'n 
e~*0/®? The rate of reaction is then 


r = Ve—#b/RT C2 1) 
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The rate constant of a chemical reaction may be 
defined as the coefficient of the concentration terms 
or the rate at unit concentration. 


k = (/2)x0? (2) 


Mass Dependence of the Rate Constant. The effect 
of isotopic mass on the rate constant appears in both 
Vand Ey. The mean relative velocity is given by 


V = 4 VRT/+M (3) 


where M is the molecular weight. For a diatomic 
inolecule M = 2m (the atomic weight) and the col- 
jision frequency at unit concentration becomes 


V = V2eRT/m = a/Vm (4) 


where all constants have been combined in the new 
constant a. 

A diatomic molecule in its lowest vibrational energy 
states may be represented approximately as a simple 
harmonic oscillator. Quantum mechanical calculation 
shows that such an oscillator must possess a definite 
residual vibrational energy even at the absolute zero of 
temperature. This minimum vibrational energy per- 
mitted, called the zero-point energy, is given for one 
mole as 


Eo = (1/2) (No)hv = (No)h Vf/u (5) 


where h is Planck’s constant, v is the fundamental 
vibration frequency, (No) is Avogadro’s number, f 
is the force constant of the bond, and yu is the reduced 
mass. Substitution of 1 = m/2 gives 


Eo = ((No)h/4x) V2 f/m = b/Vm (6) 


where b is a collection of constants. 
The dissociation energy of the molecule is then 


Ep = E — E, = E — b/Vm (7) 


and the dependence of the rate constant on mass is 
given by 


k = (a/Vm) vm)/RT (8) 


Comparison of Isotopic Rate Constants. If k rep- 
resents the rate constant for a diatomic molecule 
composed of a lighter isotope of mass m and k’ that of a 
molecule of the heavier isotope of mass m’, 


k/k’ = vm'/m eb! 1/Vm—1/ Vm’) /RT (9) 


It may be seen qualitatively that since m<m’, 
both the exponential and pre-exponential terms exceed 
unity and therefore k>k’. The molecule composed 
of the lighter isotope reacts more rapidly because 
it has a greater velocity and hence suffers more col- 
lisions and because its greater zero-point energy 
lea ves a lower dissociation energy. 

Since isotopic masses differ by a small integer, n, 
we may substitute 


m'’=m+n 
and obtain 


k/k’ = V1 + n/m e(1-1/ V1 /RT Vm (10) 


which becomes on expanding the pre-exponential term 
and that part of the exponent in parentheses as power 
series in n/m, neglecting powers of n/m greater than 
one for the case that n/m<< 1, 
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k/k' = (1 n/2m) ebn/2RT m3? (11) 
or substituting equation (6) 
= (1 + n/2m) e™%o/2mkT (12) 


where E,) and m are both for the lighter isotope. Equa- 
tions (11) and (12) are only valid forn/m<< 1. 

Since the atomic weight, m, of the lighter isotope 
being compared is proportional to the atomic weight 
of the element, it may be seen from equations (10), 
(11), and (12) that as the atomic weight of the element 
constituting the diatomic molecule increases, the ratio 
of the rate constants for dissociation of molecules 
composed of different isotopes of an element approaches 
unity. Also, the force constant, f, included in b 
and E, decreases for a series of diatomic molecules 
composed of elements of increasing atomic weight. 
This secondary effect of element atomic weight on 
the ratio is in the same direction as the primary effect 
and further decreases the ratio toward unity. 

The order of magnitude of the isotope effect on rate 
constants may be seen in the ratios tabulated for a 
temperature of 300°K. All values were calculated 
from equation (12) except that for hydrogen which 
was calculated from equation (10). Vibration fre- 
quencies were obtained from Herzberg (11). 


Tsotopes compared 
H'-H? 
Cl*-Cl* 
Br7*—-Br® 
Br?*—Br®? 
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The ratios in the table are maximum possible values 
since reaction has been assumed contingent on complete 
dissociation of diatomic molecules. In general, chem- 
ical reactions proceed through a transition state which 
does not involve complete rupture of one bond before 
new bonds can be formed and which requires therefore 
less energy than does complete dissociation. An 
energy level difference exists between isotopic reactants 
in the transition state which is in the same direction 
as and therefore offsets somewhat the zero-point energy 
difference. In addition, the mass effect in the pre- 
exponential term in collision theory which favors 
the lighter isotope is the maximum value possible 
in transition state theory. 

The values in the table and this elementary approach 
to an illustration of the isotope effect on rate constants 
may be compared with the more rigorous approach 
based on transition state theory and some values 
calculated therefrom in a series of papers by Bigeleisen 
(12). Ropp (18) gives a review of experimental studies 
of the isotope effect and correlation with theory. 

Conclusion. It may be concluded that except in 
very precise tracer work it is possible to assume iden- 
tical chemical behavior of isotopes of all elements 
except hydrogen and perhaps some of the lighter 
elements in the second period. In precise tracer work 
corrections for the isotope effect may be required for 
elements through the third period, particularly for 
isotopic mass differences greater than one. For the 
heavier elements the isotope effect may be completely 
neglected in tracer experiments. 

There is also an isotope effect on chemical equilib- 
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k/k’ 
31. 
1.09 
1.03 
1.01 
1.03 
1.02 
1) 


rium constants an understanding of which requires a 
knowledge of statistical thermodynamics; because 
the equilibrium constant involves the effect of isotopic 
mass in both reactants and products there is a partial 
cancellation, and the isotope effect is smaller than for 
reaction rates. 

It should be pointed out that the isotope effect is 
not merely a possible source of annoyance, as in tracer 
work, but has proved to be a valuable tool in the 
elucidation of reaction mechanisms. For example, 
to determine whether rupture of a particular carbon to 
hydrogen bond in a molecule is the rate determining 
step in a chemical reaction, a deuterium atom may be 
substituted for that specific hydrogen atom. Observa- 
tion of an isotope effect on the reaction rate would then 
confirm that rupture of that particular bond is involved 
in the rate determining step. 
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SATION 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


ON THE ORIGIN OF CHARACTERISTIC GROUP 
FREQUENCIES IN INFRARED SPECTRA 


T ue identification of organic compounds by means of 
infrared spectra is now nearly as common as the use of 
melting points or boiling points. While the latter 
physical properties will always be important for analyti- 
cal purposes, the infrared spectrum has two important 
advantages. 

(1) In the usual infrared spectral trace, many absorp- 
tions occur. Thus one obtains several experimental 
data (frequencies) for each single compound. These 
absorptions are characterized not only by their fre- 
quencies, but also by their intensities. 

(2) The spectra of molecules containing similar 
functional groups (e.g., C=O, CH;, C=C, ete.) show 
absorptions in narrow frequency ranges characteristic 
of the groups; the presence of an absorption in a charac- 
teristic frequency region is often evidence for the pres- 
ence of the corresponding functional: groups. It is 
these common frequencies, characteristic of functional 
groups, which are the subject of this article. 

Because of the power of the infrared method for 
structure determination, a text in organic analysis is 
not considered up-to-date if it does not contain a section 
devoted to infrared analysis, and more and more under- 
graduate laboratories are including use of this tool as 
part of the training of a chemist. But this recent in- 
terest is based on the availability of convenient spectrom- 
eters, not on any recent discovery of group frequencies. 
In fact, Coblentz, in his classic work on infrared spectra 
in 1905 (1) pointed out the existence of group frequencies 
and the inferences which could be drawn from their 
occurrence. More recently, Colthup published his 
well-known chart of Spectra-Structure Correlations (2) ; 
and in the past few years at least two important books 
have treated the subject. The first is by Bellamy (3); 
it is the most comprehensive collection and critical 
ev: luation now available of group frequencies, largely 
of organic molecules, but confined to the sodium chloride 
region of the spectrum (2-15 microns). The second is 


the volume on “Chemical Applications of Spectros-. 


co} v,” in Weissberger’s series (4), which contains 
ex llent chapters on infrared methods and applications. 
An. use of empirical data such as given in the literature 
or 1 the book by Bellamy should be made with under- 
sta ding of the principles discussed in (4). 

\"e shall, in this article, be concerned primarily with 
the principles underlying the existence of group fre- 
qucncies. It is well known that infrared spectra are 
©» ctly concerned with the vibrations of the atoms in 
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a molecule with respect to one another (as differentiated, 
say, from rotations of the molecule as a whole, or from 
electronic motions such as give rise to visible and ul- 
traviolet absorption spectra). Thus a study of infrared 
characteristic absorptions is a study of group vibrations. 
To gain insight into group vibrations we shall first 
consider the vibrations of small molecules and the usual 
methods of treating such systems. 


VIBRATIONS IN SMALL MOLECULES 


The calculation of vibrational frequencies of mole- 
cules is, in principle, straightforward. In practice, 
however, it becomes complicated and tedious very 
rapidly as the number of atoms increases—it is only 
rarely that molecules of more than, say, fifteen atoms 
are treated fully. Complete treatments of the theory 
of molecular vibrations and of infrared spectra are to 
be found in the books by Herzberg (5) and by Wilson, 
Decius, and Cross (6). Somewhat shorter and simpler 
treatments are available by West in (4) and by Barnes 
and Bonner in THIS JOURNAL (7), among many. Un- 
supported statements in this article will in general be 
verifiable in these sources. 

The infrared spectra of solutions and liquids (and 
usually those of gases and solids) arise simply from 
transitions between the vibrational energy levels of 
the molecules under study. For any molecule with NV 
atoms, there are 3N-6 (3N-5 for a linear molecule) 
vibrational frequencies, although they may not all be 
different, and may not all appear in the infrared spec- 
trum. (For discussion of degeneracy of frequencies 
and selection rules one is referred to references 4-6.) It 
is profitable, therefore, to look briefly at the simplest 
vibrating system, a diatomic molecule, as a model for 
the 3N-6 vibrational motions of a general molecule. 

The diatomic molecule, a mass suspended by a spring, 
and a simple pendulum are analogous in their physical 
motion and their mathematical treatment. Each is 
characterized by a mass whose motion is resisted by a 
force proportional to the distance from some equilibrium 
position (Hooke’s law force). An equivalent statement 
is to say that all the cases are subject to a certain poten- 
tial energy (V) which is given by 


V= (/2)k(r — 1)? (1) 


where (r — ro) is the displacement from the equilibrium 
position and k is the “force constant.’’ Actually the 
potential energy for a diatomic molecule is similar to 


p the 

lied to 
951. 
RYELL,, 

book,” 
52, 329 
Struc- 
.d., D. 
—— 
867 .34 
7000.00 
1000.00 

629 


Ve 


(ACTUAL POTENTIAL 


Figure 1. Potential Energy of a Diatomic Molecule and Its Parabolic 
Approximation 


the solid curve of Figure 1. At large separations of the 
atoms the potential goes to a constant energy D, the 
dissociation energy. The dashed curve of Figure 1 
gives the parabola (equation 1) which most closely 
matches the actual curve at the equilibrium inter- 
nuclear distance ro. Since most vibrations at usual 
temperatures are confined to the vicinity of the equilib- 
rium position, this parabola will be a good approxima- 
tion in that region. The deviation of the true potential 
from the parabola gives rise to the anharmonic effects 
found spectroscopically for higher energy states. 

When the system of two masses m, and m2, moving 
in the potential field of equation (1), is treated either 
classically or quantum mechanically (8) the resulting 
vibration is found to have the frequency (in wave- 
numbers) 


(2) 


where c is the velocity of light, and m is the “‘reduced 
mass,”’ in the case of a diatomic molecule m = mym2/m 
+m. The units “wavenumbers” are common among 
infrared spectroscopists, since they are proportional to 
the energy differences directly and have convenient 
magnitudes. They refer to the number of waves per 
centimeter (em.~') of the absorbed light (em.-! = 
wavenumber = 104/wavelength in microns = 10°/wave 
length in Angstroms). Normal vibration frequencies 
of molecules range from about 4000 to 100 cm. 
(2.5 to 100 microns); the common range available in 
commercial instruments is 4000 to 650 cm.~ (2.5 to 
15 microns). 

The quantum mechanical treatment (8) results in a 
series of energy levels in which the molecule may find 
itself, given by 


E = hen(v + */2) (3) 


where A is Planck’s constant and v is the vibrational 
quantum number, taking on only the integral values 
indicated. At normal temperatures only the lowest 


energy level (v = 0) has significant population, and 
infrared spectra have primarily to do with transitions 
involving the absorption of light of energy corresponding 
to the jump from v = 0 tov = 1; AE = he w, absorp- 
tion at cm.—}. 

Occasionally ‘‘overtone” transitions, or “harmonics,” 
may be observed, corresponding tov = = 2. The 
frequency is usually a little less than 2) because of th« 
anharmonic effects mentioned above. 

The mathematical treatment also allows a computa- 
tion of the relative magnitudes of the motion of the tw: 
atoms in a diatomic molecule (since the center of mas: 
must remain stationary). Figure 2 shows the relativ«. 
magnitudes of motion of the atoms in two molecules. 
CO and CH. The point of interest is in the case of two 
widely separated masses (CH) where only one mass 
undergoes significant motion. 

When we consider a polyatomic molecule, it is logical 
to look on it as a combination of several (3N — 6) 
simple vibrators comparable to diatomic molecules. 
Of course some of the 3N — 6 frequencies involve angle 
bending motions instead of bond stretching, but it is 
easily shown that the two types of motion are com- 
pletely analogous. There is, however, an important 
modification which must be added to the simple sum- 


in Di 7 


Figure 2. Relative Magnitudes of Motion of At tomic Mole- 
cule Vibrations 


mation of a number of simple vibrators, since the vibra- 
tors are not isolated, but will couple with one another in 
the polyatomic molecule. This gives rise to new fre- 
quencies not identical to those of the diatomic molecules 
involved. It is the magnitude of this coupling which 
ultimately determines the isolation or lack thereof of a 
particular vibration, and therefore the constancy of its 
frequency in going from one molecule to another. 
Coupling can arise from two sources: first, the presence 
of a common atom (or a common linkage of atoms) in 
the two primary vibrators, and second, electrical cou- 
pling due to the changes in electronic configuration in 
one bond which accompany motion within another 
bond. These effects will be illustrated for the CO, 
molecule. 

Carbon dioxide may be thought of as two CO mole- 
cules connected by a common C atom. Since we «re 
interested in coupling and changes of frequencies we 
shall only consider the two “CO stretching” frequen: ies 
of CO, and shall ignore the bending frequency (iis 
procedure is allowable because of the symmetry of ‘he 
molecule; see ref. 5 or 6). We shall first assume t/:at 
the stretching of the CO bond obeys a simple poten’ ial 
function such as (1), and that its frequency is gi) en 
by (2). The potential function for two CO bond: is, 
in analogy 

V = '/ek(ry — ro)? + /ek(re — 10)? (4) 
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ICAT!ON 


where r; and rz.are the two CO bond lengths. It is 
easily shown (see ref. 5, pages 153, 172) that the two CO 
stretching frequencies based on this potential are given 
by 

(5a) 


Figure 3 shows the magnitudes and directions of the 
motions of the atoms in CO and CO; on the basis of this 
calculation. Also shown in Figure 3 are the frequencies 
of the vibrations, v, »1,and v2. It is seen that the effect 
of a common atom is to split the frequencies widely (the 
split is very large because of the exact likeness of the 
two diatomic molecules involved, and would be much 
smaller for, say, OCS). In the calculations the value 
k = 15.5 X 10° dyne per centimeter has been used for 
both CO and 

The frequencies found are not exactly those of CO, 
which cannot be matched by such a simple potential 
function. It is necessary to assume that there is 
further coupling between the vibrators, of the electrical 
kind, which is represented as a further (parabolic) term 
in the potential function 


V = — + — ro)? + — ro(r2 — ro) (6) 


connecting r; and rz. The result for the frequencies 
(ref. 5) are , 


(7a) 
mo 


v2’ 


g/m. + 2mo 
(7b) 
and these frequencies are also shown in Figure 3. The 
values k = 15.5 X 10° and k’ = 1.3 X 10° are chosen to 
reproduce in equation (7) the frequencies of COs. 

It is seen that in the case of CO, the close coupling of 
the two halves of the molecule leads to two “CO 
stretching” frequencies which are quite different from 
that in an isolated CO molecule of the same bond 
strength. 

As a second example of the vibrations of a small 
molecule we shall examine 
methyl chloride. The 5 atoms 
will produce 3 X 5 — 6 = 9 
vibrational frequencies; how- 
ever there will be only 6 dis- 
crete frequencies, there being 
three pairs of doubly degener- 
aie (i.e., the same) vibrations. 

Looking at the molecule as a 

collection of diatomic vibrators 

We recognize immediately that : 

there should be one vibration \ 

avising from C-Cl and three 
from C-H (of which two are 

degenerate, leaving two dis- 

crete CH frequencies). The 

Ler three discrete frequencies 


TABLE 1 
CH,Cl Frequencies 


CH stretch 

CH; bend non-degenerate 
CCI stretch 

CH stretch 

CH; bend doubly degenerate 
CH; rocking 


Although it is not difficult to go through the calcula- 
tions for this molecule, analogous to those for CO2, we 
can observe the effect of coupling without going to that 
labor. We notice that the two frequencies labeled 
“CH stretch” differ by 76 cm.~!, or 2.5%, while in the 
isolated CH molecule there is only one such frequency. 
Likewise the two CH; bending frequencies differ by 
7.5%. This clearly indicates coupling between these 
vibrations. 

It is of interest to inquire why the splitting of the 
coupled CH stretches in the CH; group is so much less 
(3% compared to 50%) than the splitting of CO fre- 
quencies in CO,.. Two reasons are apparent, even 
ignoring the question of the amount of electrical cou- 
pling. First, the C in CO has a share in the motion of 
somewhat more than 50% (Figure 2) while in CH it is 
only about 6%. This means that the common atom is 
less important in the vibrational motion and cannot 
transmit or couple the motion between the vibrators 
efficiently. Second, in CO, the direction of motion of 
the C is the same in both CO bonds, while in the CH; 
group each CH bond is more closely at right angles 
(actually about 109°) to its neighbors, and the motion 
in one bond is inefficient in perturbing the other (the 
perturbation increases proportionally with the cosine 
of the angle between the bonds). 


VIBRATIONS OF LARGE MOLECULES 


We have seen that if we consider a polyatomic mole- 
cule as made up of a group of basic vibrators (similar to 
diatomic molecules) we must consider the coupling 
between the vibrators to arrive at the frequencies of the 
polyatomic molecule. These coupling factors can vary 
from a negligible change to as much as a 50% shift in 
frequency. This treatment is analogous to that of 


(2) 


C0, 
ATION 


4 


mist then be of the bending ' 
type. The observed frequen- for 
cis (9) for CH;Cl are given 
in Table 1, with approximate 
characterizations. 
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assuming the additivity of bond energies to compute the 
heat of formation of a molecule; the results are indica- 
tive but often only approximate. We shall now take 
the next step, or approximation, which is to assume the 
constancy of frequencies within a group of atoms such 
as —CH;, —NH2, —CO, —CsHs, etc. Some groups 
are found to have frequencies which are characteristic 
regardless of the remainder of the molecule in which the 
group finds itself, but others are found to have fre- 
quencies which depend in a sensitive way on the molec- 
ular environment. Of course, when two or more 
groups are joined to form a molecule there are always 
additional vibrations not attributable to any of the 
constituent groups’ vibrations, since, for example, if 
two groups of N atoms are joined together there are 
3(2N) — 6 = 6N — 6 frequencies, while in the two 
groups originally there were 2(3N — 6) = 6 N — 12 
frequencies, a gain of six frequencies in the complete 
molecule. These correspond to losses of rotational and 
translational degrees of freedom. 

As an example we take the case of ethane, composed 
of two CH; groups. Each group has 6 frequencies— 
three CH stretches and three CH; bending motions— 
with degeneracy as in CH;Cl. The frequencies 2966, 
1355, 3042, and 1455 cm.—! (Table 1) serve as our 
model of a CH; group. The observed ethane fre- 
quencies (5) (half are not seen in the infrared because 
of selection rules, but may be obtained from the Raman 
effect, except for the 275 cm.—! value) are given in Table 
2. A double asterisk indicates a doubly degenerate 
frequency. 


TABLE 2 
Frequencies of Ethane 


Infrared 


CH;Cl 

2993 ** 3042** CH stretch 

2954 2966 CH stretch 

1486** 1455** CH; bend 

1379 1355 CH; bend 
bend 


821** 


The results for ethane are at least close to what we 
suspected. Each CH; frequency yields two in ethane 
(since there are two coupled CH; groups), and the ad- 
ditional frequency shifts are not large. In addition 
there are other frequencies, not fourd in the isolated 
groups, due to the C—C stretch, two types of bending 
motion, analogous to the 1015 frequency of CH;Cl, 
and the frequency of torsion of the two CH; groups 
about the C—C bond against the 3 keal. barrier to 
internal rotation about that bond. 

The procedure for predicting the spectrum of a large 
molecule is thus clear, at least in principle. One chooses 
a set of characteristic groups and predicts that each 
group will contribute its set of characteristic frequencies. 
If there are two or more groups of a given kind (e.g., 
CH; groups) there will be two or more sets of frequencies 
which will be separated to some extent depending on 
the magnitude of the coupling between the groups. If 
the two CH; groups (for instance) are at the ends of a 
long molecule, it is clear that little coupling is expected, 
and there will be only one set of the CH; frequencies 
apparent, though their intensity will be greater than 
for a single such group. This effect of lack of coupling, 


and coincidence of frequencies, is called “accidental 
degeneracy,” since the frequencies are degenerate (the 
same) only due to lack of coupling. The “necessary 
degeneracy” within the CH; group is a result of the 
symmetry of the group. 

In addition to the combined groups frequencies, 
there will, of course, be the frequencies attributable to 
the connection between the groups. There is no way 
to predict these except by analogy to other molecules 
(essentially the use of larger groups). 

The practical problem in using group frequencies in 
this way is to find which groups transfer frequencies 
from one molecule to another without appreciable 
change. Only three examples will be mentioned here. 
since other works (2-4) are comprehensive on this sub- 
ject. As an example of good frequency transferability 
Bellamy (3) lists, for the CH stretching mode of 
—CH;, 2962 and 2872 + 10 cm.~—'; and fo: 
—CHbp, 2926 and 2853 + 10 cm.—! It is clearly 
possible, then, given sufficient resolution and accuracy 
in the spectrometer, to analyze for these groups with 
little uncertainty. The CH, rocking frequencies in « 
paraffin hydrocarbon are examples of non-transferable 
frequencies. Snyder (10), most recently, has studied 
these vibrations, which lie in the region 720-1060 cm. ~! 
and are strongly dependent on the chain length. Third, 
Bellamy gives data on the —CH; bending frequencies 
for —C—CH;, C(CH3)2, and —C(CHs3); groupings, 
which show that it should be possible to decide between 
these three structures on the basis of the spectrum. 

These three examples show, respectively, good isola- 
tion (negligible coupling) of a vibration in the CH 
bond, large coupling (poor isolation) of the CH: rocking 
motion, as might be expected, and small coupling be- 
tween adjacent CH; groups giving rise to analytically 
useful, small frequency shifts. 


CONCLUSION 


We have seen how it is possible to approach the vibra- 
tions of a large molecule through the constituent group 
frequencies. The magnitude of the coupling between 
groups in the molecule determines the extent of the 
changes in frequency in going from one molecule to 
another, and therefore the usefulness of the idea of 
constant or characteristic group frequencies. Some- 
times a small amount of coupling yields small, analyti- 
cally useful shifts. It is often possible to make reason- 
able guesses as to the magnitude of the coupling, based 
on the isolation of motion within the group and the 
closeness of approach of the groups. 

The problem of the skeletal vibration frequencies of 
large molecules (the ones not properly assignable ‘o 
simpler functional groups) can be solved, essentially, 
only by considering larger and Jarger groups as struc- 
tural units, to include more of these vibrations. When 
sufficient correlative work is done on the spectra of larze 
molecules, these frequencies will become useful 1 
analysis of unknown structures. 
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OFFICIAL BUSINESS 


TWENTIETH SUMMER CONFERENCE 


The Twentieth Summer Conference of the New 
England Association of Chemistry Teachers was held 
at the University of Rhode Island, Kingston, during 
the week of August 18-25. Harry C. Stubbs, Milton 
Academy, and Maryalice Moore, Stonehill College, 
served as co-chairmen, with Eugene C. Winslow, 
University of Rhode Island, as conference secretary. 
Elizabeth Quinn, Saxe Junior High School, New 
Canaan, Connecticut, assisted by Stephen C. Romaine, 
performed the duties of registrar-treasurer with un- 
paralleled efficiency and courtesy. W. George Parks, 
conference host and Chairman of the University of 
Rhode Island Chemistry Department, greeted the 
conference and introduced the newly appointed Presi- 
dent of the University, Dr. Francis H. Horn, who 
welcomed the group most cordially to the rapidly 
expanding campus, where seventeen new buildings 
are being constructed. 

The structural aspects of chemistry were emphasized 
in talks given by Harry C. Stubbs, Milton Academy, 
R. T. Sanderson of the State University of Iowa, 
and Thomas R. P. Gibb, Jr., Tufts University. 
Professor Sanderson’s new molecular models were 
unique in that the approximate relative partial charge 
0: each atom was represented by a color—yellow for 
neutral, red for positive, and blue for negative. These 
models, shaded to indicate the atoms’ degree of 
el-ctronegativity, evoked much interest as a most 
h«'pful visual aid, because polarity as well as structure 
ild be demonstrated. 

Some recent industrial and engineering applications 
oi chemistry were concisely delineated by Henry Hill 
oi National Polychemicals, Inc., in “The chemistry 
and uses of blowing agents”; by Franklin Barber, 
N:tional Dairy Products Corporation, in “Recent 
in\ estigations in dairy research”; and by Clair N. 
Suivyer of Metcalf and Eddy, who spoke persuasively 
on the need for chemistry in the field of sanitary 
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engineering. Talks of a biochemical nature included 
“A chemical approach to the chemotherapy of cancer”’ 
by Edward J. Modest, Children’s Cancer Research 
Foundation, whose work offers an exciting challenge to 
the chemist to use his knowledge for the alleviation 
of suffering. Rev. Frederick C. Hickey, O.P., 
Providence College, discussed a technique and demon- 
strated some of the equipment used to follow the course 
of a chromatographic separation of cholesterol inter- 
mediates with radioactively “tagged” derivatives. 

On the subject of chemical education, Stephen S. 
Winter, University of Minnesota, upheld the thought- 
provoking thesis that chemistry teachers have been 
slow to incorporate a modern quantum mechanical 
viewpoint as the basis of the chemistry curriculum, 
but rather have tended to add new viewpoints as 
addenda to an antiquated syllabus. Elbert C. Weaver, 
Phillips Academy, spoke on the science teaching 
aids offered by the Manufacturing Chemists’ Associa- 
tion, such as the sets of student guide sheets and teacher 
information sheets for a series of unusual chemistry 
laboratory experiments, and two new motion pictures 
in color on Chlorine and Combustion. These films 
were shown at the conference and were warmly praised 
for their clear exposition of the subject matter. Helen 
Crawley, Natick High School, ably demonstrated a 
group of experiments on autoradiography that her 
students had found to be interesting and educational. 

The white shirts of the men in the audience glowed 
eerily in the ultraviolet light, as Scott MacKenzie, 
University of Rhode Island, mentioned that one of the 
“Applications of ultraviolet spectroscopy”? was the use 
in commercial detergents of a compound which looks 
blue under U-V illumination. According to Lester 
Klein, Nuclear Metals, Inc., the metallurgical prop- 
erties of uranium and of the transuranium elements 
cause the metallurgist many problems which must be 
surmounted because of the importance of these 
materials in nuclear reactors. In his talk “The Bohr 
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atom and how it grew,” Rev. Thomas E. Lockary, 
C.S.C., Stonehill College, showed how the concept of 
the Bohr atom was extended to a rigorous mathematical 
analysis of the hydrogen atom and by analogy to 
more complex systems. ; 

The evening programs included a talk on “Smoking 
and Health” in which Robert C. Hockett, Tobacco 
Industry Research Committee, stressed the need for 
scientific testing and research in this field and dis- 
closed that eighty grants have been given by the 
Committee to various medical schools throughout 
this country and England to study this problem. 
George R. Seidel of the E. I. du Pont de Nemours 
and Company gave an inspiring address on the 
“Importance of fundamentals” which teachers should 
strive to impart to their students to assure the future 
of a strong America. On the last evening of the 
conference, Sami Atallah, an instructor in chemical 
engineering, Tufts University, and a Jordanian, gave 
an illustrated talk on the customs of his native land. 
Following a well-loved tradition of these summer 
conferences, community singing led by Mr. and Mrs. 
Lorne F. Lea of St. Paul’s School, followed the social 
hour of the last session. This occasion was made 
more memorable by Albert C. Walker, Bell Tele- 
phone Laboratories, who read a beautiful letter by 
Helen Keller describing her impressions of the audibly 
“dead room”’ at his laboratory. 

An outstanding selection of educational and 
industrial motion pictures were on hand, chosen by 
James Watters, Bradford Durfee Institute of Tech- 
nology, who served as motion picture chairman. The 
exhibits of textbooks and equipment, arranged by 
Leon Magee, Torrington High School, attracted much 
attention, especially Harry Stubbs’ “‘spitball’’ molec- 
ular models. The chemistry department of the 
University demonstrated the use of its infrared spectro- 
photometer each day and exhibited many other pieces 
of equipment in the Pastore Chemical Labora- 
tory. 

The conference was attended by a total of 217 
registrants, of whom 104 were already members; 58 
guests; 18 children under 15 years of age; 18 speakers; 
and 19 who registered as new members. Geographi- 
cally, 72 were from Massachusetts, 28 from Connecti- 
cut, 27 from New Hampshire, 22 from New York, 15 
from Rhode Island, 10 from Maine, and 5 from 
Vermont. Others registered from New Jersey, North 
Carolina, Pennsylvania, Iowa, Maryland, Delaware, 


Indiana, Ohio, and Wisconsin. Those who have 
attended all twenty conferences are: 


Mr. and Mrs. Grover C. Greenwood, Mr. and Mrs. 8S. Walter 
Hoyt, Alfred Lincoln, Evelyn L. Murdock, Elsie S. Scott, and 
John R. Suydam. 


Many of those attending received fellowship support, 


The Spaulding Foundation of New Hampshire provided 
fellowships for the following: Christie Drago, Exeter High 
School; Maurice Bernier, Farmington High School; Brendan 
Sullivan, Winnakunnett School; Frank H. Kramm, Haverhill 
Academy; Robert T. Andrews, Concord High School; Elphege 
Roy, Manchester Central High School; Kathryn M. White, 
Dover High School; Gladys T. Burrows, Laconia High School; 
Sister Mary of St. Hector, St. Louis High School, Nashua; 
John A. Miller, Lancaster High School. 

The Mid-Hudson Section of the American Chemical Society 
provided a fellowship for Brother Agatho John, St. Patrick’s 
High School, Newburgh, New York; the Maine Section, for 
Donald A. Mailloux, Piscataquis Community High School 
Guilford, Maine; and the Southwestern Connecticut Section, for 
Elizabeth A. Quinn, Saxe Junior High School, New Canaan, 
Connecticut. 

A Shell Assist grant was awarded to Raymond Neal, Simmons 
College, Boston, Massachusetts. 


Adjourned 58th Annual Meeting 


President Robert D. Eddy, convened the business 
meeting at 3:30 p.m., in the auditorium of Pastore 
Hall. The Secretary, Rev. Joseph A. Martus, read 
the minutes of the last meeting and announced for the 
Membership Committee the list of members who had 
been accepted into the Association since the May 
Meeting. 


Egbert K. Bacon, Union College, Schenectady, New York 

Roger W. Beaudoin, Spauling High School, Rochester, New 
Hampshire 

Mrs. Jack T. Cassaday, Greenwich High School, Greenwich, 
Connecticut 

Mrs. John Galt, Winsor School, Boston, Massachusetts 

Marvin W. Goldberg, Stony Brook School, Stony Brook, New 
York 

Kenneth J. Jones, Thayer Academy, Braintree, Massachusetts 

Lawrence L. Leistinger, Danvers High School, Danvers, Ma:- 
sachusetts 

Leslie Lowry, Pasadena, California 

Donald M. Mailloux, Piscataquis Community High Scho: |, 
Guilford, Maine 

Jesse Nitzberg, Alexander Hamilton Vocational High Schoc!, 
Brooklyn, New York 

Loretta L. Olver, Moravian Preparatory School, Bethlehe: 
Pennsylvania 

Elizabeth A. Otten, Simonds Free High School, Warner, New 
Hampshire 

Maurice E. Salminen, Ayer High School, Ayer, Massachuse’ 's 

Sister Esther Maria, 8.8.J., Sacred Heart High School, Holyo!:, 
Massachusetts 
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Sister Helen Teresa, 5.8.J., Sacred Heart Academy, Worcester, 
Massachusetts 

Sister James Margaret, 8.8.J., St. Peter’s Central Catholic High 
School, Worcester, Massachusetts 

Sister Marie Bernadetta, S.S.A., Precious Blood High School, 
Holyoke, Massachusetts 

Sister Rose Angela, Academy of Sacred Hearts, Fall River, 
Massachusetts 

Leon Urban, Warren High School, Warren, Rhode Island 


Following is a list of members who were admitted at 
the 20th Summer Conference: 


Robert T. Andrews, Rundlett Junior High School, Concord, New 
Hampshire 

Robert A. Bagg, Jr., Franklin High School, Franklin, New 
Hampshire 

Maurice Bernier, Farmington High School, Farmington, New 
Hampshire 

Raymond C. Boyce, Fairhaven High School, Fairhaven, Mas- 
sachusetts 

Brother Agatho John, F.S.C., St. Patrick’s High School, New- 
burgh, New York 

Mrs. Gladys T. Burrows, Junior-Senior High School, Laconia, 
New Hampshire 

Vincent 8S. Darnowski, Oceanside High School, Oceanside, New 
York 

Forrest R. Gowen, Cheshire High School, Cheshire, Connecticut 

John J. Hellewell, North Kingstown Senior High School, North 
Kingstown, Rhode Island 

Earle W. Hewitt, Berlin Central High School, Berlin, New York 

Matthew E. Kearns, Jr., South Kingstown High School, Wake- 
field, Rhode Island 

Frank H. Kramm, Haverhill Academy, Haverhill, New Hamp- 
shire 

Scott MacKenzie, University of Rhode Island, Kingston, Rhode 
Island 

John A. Miller, Bellows Falls High School, Bellows Falls, Vermont 

Marcelle V. Schubert, University of Connecticut, Storrs, Con- 
necticut ; 

Sister Mary Benita, R.S.M., St. Joseph High School, Manchester, 
New Hampshire 

Sister Mary Louis, 8.8.N.D., College of Notre Dame of Mary- 
land, Baltimore, Maryland 

Sister Mary of St. Hector, C.S.C., St. Louis High School, Nashua, 
New Hampshire 

Constance F. Walker, Francis Maloney High School, Meriden, 
Connecticut 

Kathryn M. White, Dover High School, Dover, New Hampshire 


The Treasurer gave his annual report for the period, 
July 1, 1957, to June 30, 1958, presented here in 
abridged form: 
Balance, July 1, 1957 
Receipts 


$1145.60 


$2925.75 
Surplus, 19th Summer Conference 168.29 
Gift for 21st Summer Conference 100.00 
l’rom endowment fund income 79.24 
Subscriptions 1.59 
Advance dues, F.Y. 1959 42.25 


3317.12 
Expenses 
Journal of Chemical Education sub- 
scriptions 
Yo endowment fund capital 
J ewsletter expense 
eport expense 
Stationery, printing and mailing 
<pense of meetings (including travel)... 
Cierical services 
Mise. expense 


Cas': on hand, June 30, 1958 $1448.25 


C. B. Gustarson, Treasurer 
Audited, August 16, 1958, S. Waiter Hoyt, Auditor 
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The report of the Treasurer of the Board of Trustees, 
Permanent Trust Fund, as audited, was accepted: 


Balance, May 11, 1957 $2784.66 
Income credited in the period May 11, 1957 to May 

9, 1958 
Two per cent of dues, 1956-57 


$2919.26 


Income paid to Treasurer of NEACT to support pub- 


Avery A. AsHpown, Treasurer 
Audited, August 14, 1958, S. WaLrer Hoyt, Auditor 


President Eddy read the following citations and 
then presented the certificates of honorary membership 
to Deborah M. Russell, State Teachers College, 
Framingham Center, Massachusetts; Lorne F. Lea, 
St. Paul’s School, Concord, New Hampshire; and 
Mrs. Frank L. Boyden (in absentia), Deerfield 
Academy, Deerfield, Massachusetts. 


Dexsorau M. RussELL, 29 years a member of the NEACT, and 
first woman president of the Association, serving from 1926 to 
1938; vice-president, 1935-36 and chairman of the Central 
Division, 1932-35; member and officer of many other professional 
teachers, societies and scientific organization; a dedicated teacher 
and wise counsellor to young women both in and out of the class- 
room; a model for your fellow teachers in your devotion to the 
classroom, where, since the day you graduated from college, you 
spent some thirty-four years; a model also in furthering your own 
professional knowledge and competency by laborious and con- 
tinual return to the student’s bench; we are honored today in 
paying you this encomium you s0 richly deserve. 


Lorne F. Lea is now in his 32nd year of active membership in 
this Association. During this period he has formally served on 
four special committees and on three summer conference com- 
mittees. He has thrice been chairman of the Northern Division. 
Between times, in his modest way, he has been ready with help 
and influence—and the many unobtrusive contributions that make 
an organization like ours run smoothly. 

As a teacher and department head, he has stimulated genera- 
tions of students and numbers of his colleagues. And through the 
current summer program at St. Paul’s School, he is furthering the 
study of chemistry among the gifted youth of today. 


HELEN CuiLp BoypeEn, as associate member of this organization 
in 1922, became an active member exactly 34 years ago today. 
She served on the committee which launched our first summer 
conference and the conference program that has taken so sig- 
nificant a role in the life of our Association. 

She has made a career of the teaching of chemistry and has 
built a strong department in her school; she has made a career as 
a mother of three children, of whom the two sons have become 
teachers; and, as wife of the headmaster, she has made a career 
of leading Deerfield Academy from its humble beginnings to a 
position of eminence in secondary education. 


TWENTY-FIRST SUMMER CONFERENCE 
ANNOUNCEMENT 


President Eddy announced that for the Twenty- 
first Summer Conference the Association has been 
invited to the University of Connecticut, Storrs, for 
the period August 17-22. He also announced the 
following partial list of committee members for this 
conference: 


Representative of Host Institution: Lawrence H. Amundsen, 
University of Connecticut 

Co-chairman, in charge of arrangements: George E. Zink, Groton 
School, Groton, Massachusetts 

Co-chairman, in charge of program: Eugene C. Winslow, Univer- 
sity of Rhode Island, Kingston 

Secretary: Roy J. Gritter, University of Connecticut 
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Registrar-Treasurer: Leon A. P. Magee, Torrington High School, 

Torrington, Connecticut, assisted by Mrs. Magee and by 

Stephen Romaine, Ellsworth Memorial High School, South 

Windsor, Connecticut 

Hospitality: Christie J. Drago, Exeter High School, Exeter, New 

Hampshire 

Motion pictures: Roy Glick, School for Industrial Arts, New York 
City 

Publicity: The Rev. Alexis A. Babineau, A.A., Assumption 

College, Worcester, Massachusetts 

Printing and Mailing: Brendan Sullivan, Hampton, New Hamp- 

shire, assisted by Howard Smith, Milton, Massachusetts 

Exhibits: Frank Kramm, Ely, Vermont assisted by Vincent 

Darnowski, Oceanside, New York 

Social Committee: Maurice Bernier, Farmington, New Hamp- 


shire; Lilias Cingolani, Kingston, Massachusetts; Bernard S. 
Jurale, Meriden, Connecticut; Mrs. James G. Murphy, 
Middletown, Connecticut; Mrs. Charles N.Ott, Guilford Col- 
lege, North Carolina 


President Eddy announced that the Shawinigan 
Resins Company, Springfield, Massachusetts, had 
given a grant of $100 to the Twenty-first Summer 
Conference to obtain a speaker from outside New 
England, who otherwise would not be able to accept the 
invitation to address the conference. 


LAURENCE S. FostTER 
Editor of NEACT REPORT 


To the Editor: 

I have read with interest the Textbook Errors Guest 
Column XVII: The Meaning of Mole Fraction, in 
THIS JOURNAL, 35, 240 (1958). 

We have encountered the problem of mole fraction in 
the analysis of vapor liquid equilibrium and have run 
into the same difficulty, namely, what is the correct 
molecular weight for each of the species present in the 
two phases? Asis usual with thermodynamic problems, 
the answer can be found in Gibbs in its most funda- 
mental form. The simplicity and elegance of Gibbs’ 
analysis of molecular weight is remarkable, considering 
that it was done almost 100 years ago. The essence of 
Gibbs’ analysis showed that the molecular weight to be 
used for a given species is that which the species as- 
sumes in the particular phase in which its chemical po- 
tential is evaluated or referred to. Thus, in vapor-liquid 
equilibrium the correct molecular weight to use is that 
in the vapor phase, since the chemical potential is 
evaluated from the partial pressure of the species in the 
vapor phase. I am quoting from a letter which I wrote 
to Industrial and Engineering Chemistry last year in 
connection with a review on a paper concerned with 
vapor-liquid equilibrium. It is as follows: 


Returning to the work of Gibbs, it was immediately revealed 
that all his derivations were based on mass rather than moles. 
Gibbs was well aware of association phenomena in the vapor 
phase, in fact, he had published studies on the vapor association 


+ 


of acetic acid and related compounds. In one of his communica- 
tions, he points out the advantage of working with mass rather 
than moles, since the former is an observable quantity. A study 
of Gibbs’ proof of the equality of the chemical potential of each 
component of phases in equilibrium immediately reveals why the 
same molecular weight must be used for the same component in 
all phases in equilibrium. Thus, we have for vapor and liquid 
phases in equilibrium: 


= (1) 
where 


nu’; = chemical potential of the “i’’ the component in the liquid 
phase and, u”; = same for the vapor phase. We note here that 
the chemical potential is defined in energy units per unit mass: 


ws = (22) my me. 


Min, Mn-1y Mn 


where 


G = free energy of phase 
m; = mass of component “‘i’’ in the phase. 


Multiplying each side of the equality (1) by the same molecular 
weight preserves the equality, but the correct molecular weig)it 
to use is that corresponding to the phase in which the chemical 
potential is evaluated, namely, the vapor phase. The corr ct 
molecular weight is necessary for the Gibbs-Duhem equation to 
hold. 

In accordance with the above argument, we find that syste as 
containing liquids known to be associated in the liquid phase } ..:t 
not in the vapor phase give excellent correlation according to ‘ 1¢ 
Gibbs-Duhem relationship. All colligative properties of aquec is 
solutions show excellent correlation by the Gibbs-Duhem eq! 
tion, even near the freezing point where liquid water is known ' 
be highly associated, when the molecular weight of the vapo) is 
used. For colligative properties, the chemical potential i: 
evaluated from the vapor phase characteristics. 


RoGErR GILMONT 
MANnostat CorPORATION 
20 Norra Moore Street, 
New York 13, N. Y. 
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COLLEGE CHEMISTRY 


Paul R. Frey, Colorado State University. 
Second edition. Prentice-Hall, Inc., Engle- 
wood Cliffs, New Jersey, 1958. xi + 707 
+ xliv pp. Many figs. and tables. 16 X 
23.5 cm. $7.00. 


IN BRINGING the new edition of this 
popular text up to date, the line-drawings 
have been entirely redone and 25 photo- 
graphs of molecular models have been 
added. The author has taken advantage 
of the suggestions and comments of the 
users of the first edition to make the 
book more teachable by interspersing the 
sections of theory and problems with the 
easier factual information. The sections 
within each chapter are numbered, and 
the author has thoughtfully tried to 
restrict each section to one concept for 
ease in making assignments and so that 
“terminal ideas” can be omitted where 
desired. 

The exercises and problems at the end 
of the chapters are selected to illustrate 
the principles presented. For the needs 
of the exceptional student, a few practice 
problems and a list of journal references 
for supplementary reading are provided 
at the end of each chapter. Those 
courses which aim to provide depth 
and experience in the mathematical 
treatment of ionization constants, solu- 
bility product, and electromotive force, 
will need to supplement the text with a 
problem book. 

Although the sections have been brought 
up to date, the modern aspects of the 
topics have been assimilated so as to 
maintain the descriptive chemistry ap- 
proach. This is illustrated by the treat- 
ment of the Debye-Hiickel interionic 
attraction theory as merely an extension 
of the Arrhenius theory into the region 
of dilute solutions of strong electrolytes. 


The logical fashion in which such 
concepts as Raoult’s law are treated, 
together with other unique features such 
as the lecture demonstration experiments 
described at the end of each chapter, 
should make this new edition of interest to 
any instructor who teaches the first 
course. 

L. REED BRANTLEY 
OccipENTAL COLLEGE 
Los ANGELES, CALIFORNIA 


ONCE AROUND THE SUN 


Ronald Fraser, Administrative Secretary 
of the International Council of Scientific 
Unions. The Macmillan Co., New York, 
1958. xv + 160 pp. Many figs. 14.5 
X 21.5cm. $3.95. 


IGY for the layman. (And who isn’t 
a layman at least on some of the far- 
flung scientific frontiers of the IGY from 
astrophysics to geopolitics?) The sun is 
the focus, both for part one—On the 
Boundaries of the Known World and 
for part two—how the IGY program hopes 
to push back those boundaries of knowl- 
edge. 


W. F. K. 


COLLEGE PHYSICAL SCIENCE 


Wendell H. Slabaugh, Oregon State 
College, and Alfred B. Butler, State 
College of Washington. Prentice-Hall, 
Inc., Englewood Cliffs, New Jersey, 1958. 
xii + 496 pp. Many figs. and tables. 
18.5 X 25.5cm. $7.75. 


SLaBauGuH and Butler have produced 
an excellent text for a course in physical 
science for the non-scientist. The con- 
cepts of space, mass, time, and energy are 
used as the common threads of science 


Paul R. Frey, College Chemistry 
Ronald Fraser, Once Around the Sun 


James V. Quagliano, Chemistry 


Section 2 


Wendell H. Slabaugh and Alfred B. Butler, College Physical Science 
Michell J. Sienko and Robert A. Plane, Experimental Chemistry 


Joseph H. Roe, A Laboratory Guide in Chemistry : 
Hermann Rémpp, Chemie Lexikon. Volume 1 (A-K). Volume 2 (L-Z) 
Gmelins Handbuch der Anorganischen Chemie. System 28: Calcium. Part B, 


David Shemin, Editor, Biochemical Preparations. Volume 5. 

J. W. Cook, Editor, Progress in Organic Chemistry. Volume 4 

S. T. Cowan and E. Rowett, Editors, The Strategy of Chemotherapy 
Ralph W. G. Wyckoff, Crystal Structures. Chapters 11 and 12 

John H. Yoe and Henry L. Koch, Editors, Trace Analysis 

Evelyn Berlow, Robert H. Barth and John H. Snow, The Pentaerythritols 
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‘of mountain formation, 


with examples of their use drawn from 
geology, astronomy, physics, and 
chemistry as well as the border areas 
between sciences. 

The book appears to be very readable, 
well illustrated, and essentially free of 
error. I would recommend it to any 
science teacher who is teaching a survey 
of physical science either as a text or as 
supplementary reading. A great deal of 
thought and effort was obviously spent in 
doing a difficult job well. 

I cannot refrain from expressing a 
thought not quite germane. Many of us 
teach courses for the non-scientist and 
many of us do it somewhat grudgingly. 

Je prefer to spend our time with the 
prospective graduate student and the 
science-prone. Yet we have had suf- 
ficient evidence in the last few years of 
a general and dangerous lack of under- 
standing and antagonism toward science 
and scientists on the part of the public 
(e.g., fluoridation and nuclear testing to 
name a few instances). If our college 
graduates of the future are to have 
realistic views of us and our work, courses 
based on information and ideas such as 
those compiled by Slabaugh and Butler 
are extremely important. I trust we 
will not shrug off this immense responsi- 
bility. 

Slabaugh and Butler have shown the 
essential unity of science by using the 
four concepts mentioned above as the 
basis for understanding of such diverse 
subjects as the solar system, the theory 
valence, bio- 
physical processes, and atomic and nuclear 
theory. The final chapters on the future 
of physical science and the philosophy of 
physical science including social aspects 
are excellent. 

The authors are to be commended for 
a thought-provoking approach to a 
difficult subject. Their book deserves 
much attention and use. 


LEWIS N. PINO 
Cotoravo COLLEGE 
Cotorapo Springs 


EXPERIMENTAL CHEMISTRY 


Michell J. Sienko, Associate Professor of 
Chemistry, Cornell University, and Robert 
A. Plane, Assistant Professor of Chemistry, 
Cornell University. McGraw-Hill Book 
Co., Inc., New York, 1958. iv + 212 pp. 
16 X 22 cm. Instructor's Manual to 
accompany, 22 pp. Paper bound, $3.25. 


Tus laboratory manual, written to 
accompany the authors’ textbook 
“Chemistry,” has as its chief purpose 
to “present to the student a course. . .that 
brings out the distinction between 
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observation and interpretation.’’ It is 
divided into three parts: Part I describes 
the techniques of experimental chemistry 
including safety precautions, methods of 
recording data and results, gravimetric 
and volumetric operations, manipulation 
of glass, and the handling of gases. Nine 
exercises in technique are included in this 
section. Part II is a “selected set’’ of 
45 experiments ‘designed to teach the 
important principles and facts of general 
chemistry”’; Part III is a short appendix 
containing general reference material. 

The experiments of Part II are well 
organized, carefully planned, clearly writ- 
ten, and represent a broad coverage of 
the material. About four experiments 
might be classified as inorganic prepara- 
tions, about seven deal with analytical 
chemistry, two with organic chemistry, 
approximately 21 with what might be 
termed ‘chemical principles,’’ and four 
are exercises in problem solving. The 
remaining are descriptive inorganic 
material. Some principles of qualitative 
analysis are investigated but a rigorous 
scheme of qualitative analysis is not in- 
cluded. The experiments themselves are 
relatively simple to perform and the 
authors have succeeded in making the 
interpretation of results a stimulating 
process certain to extend even the best 
students. Expecially competent labora- 
tory instruction will be necessary to make 
this interpretation meaningful to average 
and below average students. 

Of interest to instructors is the sepa- 
rately bound ‘“Instructor’s Manual’ 
which, in addition to providing lists of 
reagents and desk equipment and a 
possible schedule of experiments, in- 
cludes pertinent comments on each 
experiment. Of interest also in the fact 
that the laboratory manual has the same 
page size as the text, i.e., 6 < 9 inches. 

This manual, if used with a good 
teacher close at hand, will teach students 
to think precisely and to appreciate the 
value and limitations of experimentation. 


WILLIAM T. LIPPINCOTT 
University or FLoripa, 
GAINESVILLE, FLorip, 


CHEMISTRY 


James V. Quagliano, University of Notre 
Dame. Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey, 1958. xviii + 854 + 
xxiii pp. Many figs. and tables. 16 xX 
23.5cm. $6.95. 


Ir ts not easy to write a good textbook. 
No doubt many aspiring authors have 
tried to learn the secrets of this elusive 
technique by analyzing outstanding works 
of other authors. Here is a text well 
worth such study. 

The first requirement for any text is 
clarity of expression and_ successful 
address to its intended audience. This 
text has been written to the student, not 
to his professor. The author has 
obviously taken great care to obtain this 
result. 

The second requirement is accuracy of 
content and absence of obsolete in- 
formation. And included here as a corol- 


lary is an example of an important 
pedagogical precept: There was nothing 
noted in this text that will have to be 
unlearned by the student in later years, 
save only those concepts which will 
themselves be changed as chemistry 
progresses. 

Third, no doubt, is completeness of 
coverage. Not all will agree that any 
one text is satisfactory in this respect, 
but certainly there will be few dissenters 
in this case. After five chapters of basic 
introductory material, including stoichiom- 
etry, are two chapters: one on oxygen, 
one on hydrogen. These chapters are 
not limited merely to these two topics; 
preceding material is reviewed and fol- 
lowing material mentioned. This policy 
is general throughout the text. Treatm- 
ent of gases and of the liquid and solid 
state follow. After the next chapter on 
water and related topics, are three 
chapters on the periodic system, electron 
bonds, and sizes of atoms and ions. 
Solutions follow, then redox, electrolysis, 
and half-cells are treated. Acids, bases, 
and salts precede a three-chapter dis- 
cussion of equilibrium and introductory 
kinetics. In the remainder of the text the 
descriptive chemistry of the important 
elements is delightfully explained. (This 
is the first time I have ever enjoyed reading 
descriptive chemistry in an elementary 
text.) Interspersed here and there are 
chapters on complex ions and molecules, 
colloids, and nuclear chemistry. Organic 
chemistry is treated in the concluding 
chapter. 


Of course, the recitation of the table 
of contents does not demonstrate that the 
treatment is uniquely complete. Perhaps 
some semblance of what is meant can be 
gained by noting that the chapter on 
organic chemistry, by no means an 
atypical example, has 19 pages of dis- 
cussion on covalent carbon chains, molec- 
ular and structural formulas, the tetra- 
hedron, double and triple bonds, iso- 
merism, cyclic compounds, and other 
topics, before formally considering 
nomenclature. In short, this chapter 
tells the student what organic chemistry 
is about before he is asked to learn to use 
the necessary tools. Then, with the 
tools in hand, derivatives, functional 
groups, typical reactions, and lesser 
matters are discussed. The treatment is 
not disjointed; rather it is well tied 
together, integrated into a whole. 

Throughout, emphasis is placed on the 
empirical basis of chemistry. Outright 
pontification is non-existent. The con- 
sistent use of examples to clarify difficult 
points is noteworthy. Modern inorganic 
nomenclature has been used; although 
the older nomenclature is mentioned, to 
permit familiarization with the older 
literature and with reagent bottle labels. 
Latimer’s oxidation potentials are well 
explained and then are used (not merely 
alluded to) to elucidate the chemistry of 
the elements and their compounds. 

The discussions on problem solving 
are remarkable for their clarity. Stoichio- 
metric problems are solved by using 
unit fractions and dimensional analysis. 
There are no proportions in this text to 
confuse the issue. Gas law problems use 
the familiar greater or less than unity 


approach, although PV = nT is men- 
tioned, a bit belatedly. 

A complete review should include a 
word of commendation for the illustra- 
tions. Here, at last, are illustrations 
consistent in style and consonant with the 
text, illustrations that teach. Numerous 
(more than 75, estimated) charts, graphs, 
and tables serve the same end. 

Many of the exercises require that the 
student think as he reviews the material 
he has learned. However, answers to the 
problems are missing; it would have been 
very helpful to see answers to half, 
or a third, of the problems given in the 
text. 

In summary, I predict that this text 
may well become a standard by which 
competitors will be measured. Few 
succeed so well in doing what all texts 
should do—teach chemistry to the begin- 
ning student clearly, accurately, and 
completely. 


JAY A. YOUNG 
Kin@’s 
Wiikes-Barre, PENNSYLVANIA 


A LABORATORY GUIDE IN 
CHEMISTRY 


Joseph H. Roe, Professor of Biochemistry, 
George Washington University School of 
Medicine, Washington, D. C. The C. V. 
Mosby Co., St. Louis, 1958. Third edition. 
244 pp. 14.5 X 21.5cm. $2.50. 


ELEMENTARY laboratory chemistry for 
nurses is covered from the Bunsen burner 
(Expt. 1) to food analysis (Expt. 59). 
Blanks are provided for the recording of 
observations. There are few real experi- 
ments. Most are exercises which can be 
answered from any general chemistry 
text without setting foot in the laboratory. 


W. F. K. 


CHEMIE LEXIKON. VOLUME 1 (A-K). 
VOLUME 2 (L-Z) 


Hermann Rempp. Fourth edition. 
Franckh’sche Verlagshandlung, Stuttgart, 
1958. Volume 1 (A-K): 2507 pp. 
Volume 2 (L-Z): 2589 pp. 17 X 24.5 
cm. 198 German marks (approx. $50). 


Tue rapid and steady progress of chem- 
istry and its related fields makes it almost 
impossible for the ordinary chemist to 
keep informed on the current status of 
more than a very few areas. The impact 
must be tremendous on a man, who prac- 
tically single-handed, keeps up-to-date a 
monumental undertaking such as _ this 
chemical reference book. Whatever his 
working methods, the results are out- 
standingly worth while. An astonishing 
amount of information is available in 
these two volumes. The previous edition 
was reviewed in THIS JoURNAL 30, 430 
(1953) where it was pointed out: “The 
entries are arranged alphabetically and 
the length ranges from one line to several 

Most of the discussions are pro- 
vided with references to scientific or trade 


(Continued on page A614) 
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SECTION OF RESE 
AND DEVELOPMENT 


Vhomuas GIVES YOU SUPERIOR SERVICE 


You deal with headquarters 
Competent technological staff on call. 
Orders filled promptly from vast warehouse. 


You draw on large stocks 


Three to six months supplies of 22,000 items 
—mostly prepackaged—in our stock for im- 
mediate shipment. 

‘Widest assortments of Corning, Kimble and 
Coors items available from any single source. 


You select from 1726-page 

catalogue and supplement 
An encyclopedic catalogue and supplement 
with factual, detailed descriptions—standard 
reference source throughout the free world. 


You save time and money 
Extensive pneumatic tube systems and con- 
veyors speed delivery of orders. 
More than 92% of orders shipped within two 
working days after receipt. 
Accurate invoices and packing lists. 
Substantial packing which keeps breakage 
to less than 1/20th of 1%. 
One-price policy which insures lowest prices to 
all buyers—advance quotations unnecessary. 


You are assured of satisfaction 


Stocks carefully selected and continually in- 

spected for quality and performance. 

Prompt refund for any item found to be un- 
acceptable for any reason. DEPARTMENT 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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Some recent and forthcoming books for the chemistry classroom .. . 


QUALITATIVE TESTING AND INORGANIC CHEMISTRY 


By JOSEPH NORDMANN. Complete in itself, with- 
out the aid of additional problem books or lab manuals, 
this text offers a rigorous, up-to-date coverage of qualita- 
tive analysis. The author emphasizes the best of the 
**qual”’ and adds related general chemistry. He develops 
his subject both in laboratory and lecture work, not as an 
isolated body of facts, but as something alive with appli- 
cations for the student. Assuming a sound background 


in general college chemistry, the text treats the chem- 
istry of the metals, some topics in “‘modern’’ inorganic 
chemistry, the elaboration of equilibrium systems, and 
the qualitative testing of selected cations and anions. An 
answer booklet to numerical problems and a further ref- 
erence list is available to instructors. 1957. 487 pages. 
Prob. $6.25. 


A BASIC LABORATORY COURSE IN COLLEGE CHEMISTRY 
' 2nd Edition 


By J. F. HAZEL, University of Pennsylvania. A manual 
of general chemistry for a first year college course, offer- 
ing forty-nine experiments to stimulate the student's 
interest in laboratory work. Preference is given to 
quantitative experiments illustrating natural laws and 
phenomena. Prominent roles are given to: (1) cultiva- 
tion of habit of observation, (2) grounding in the 
scientific method, (3) chemical change and the electron, 


INTRODUCTION TO 


By SIDNEY W. FOX, Florida State University; and 
JOSEPH F. FOSTER, Purdue University. Treats the 
fundamental aspects of protein chemistry and indicates 
ways in which knowledge of the subject is basic to such 
fields as biology, nutrition, and food technology. In 
their step-by-step development, the authors offer a broad 
coverage of the chemistry of amino acids, peptides, and 
proteins. The basic text was tested on students before 


(4) LeChatelier’s Principle as a guide to equilibrium 
processes, (5) electrochemistry and the systematic 
classification of oxidizing and reducing agents, (6) car- 
bon and its compounds, and (7) colloids and surface 
chemistry. Included is an experiment on radiation 
shielding with the use of a Geiger counter. 1957. 233 
pages. Spiral Bound. $3.95. 


PROTEIN CHEMISTRY 


publication, and was praised highly by them in anony- 
mous questionnaires. As a check on clarity, a number 
of graduate students without previous orientation in the 
subject read the text. For the purpose of accuracy, 
specialists read individual chapters. The text is par- 
ticularly useful for instituting mew courses in protein 
chemistry. 1957. 459 pages. $9.50. 


INDUSTRIAL CHEMICALS, 2nd Edition 


By W. L. FAITH, Air Pollution Foundation; DONALD 
B. KEYES, Arthur D. Little, Inc.; and RONALD L. 
CLARK, Collier Carbon and Chemical Corporation. Recog- 
nized as the only single volume to list important tech- 
nical and economic information on the production and 
use of major industrial chemicals, this valuable refer- 
ence is now revised to reflect the tremendous changes 
undergone by the chemical industry since the first edi- 
tion. To present a well-rounded and modern survey, the 


ION EXCHANGE RESINS, 2nd Edition 


By ROBERT KUNIN, Rohm & Haas Company. An up- 
to-date coverage of all aspects of ion exchange resins. 
Detailed descriptions are given of the nature and prep- 
aration of the resinous materials, showing the student 
which resins to use and how to use them. Material 
has been added on the synthesis of new resins; the use 
of ion exchange resins in atomic energy fields, agricul- 
ture, and hydrometallurgy; the stability of ion exchange 
resins; ion exchange membranes; liquid ion exchangers; 
and catalysis. Coming in March. Approx. 474 pages. 
Prob. $11.00. 


authors have added 35 to their original 106 and have 
eliminated only one. The following information is 
vepeiee on each chemical: how it is made; how it is 
used; how much has been produced each year for the past 
20 years; the price range for the past 20 years; the 
important chemical and physical properties of the ma- 
terial; the usual grades; how it is packaged and shipped; 
who makes it and where; and important economic trends 
1957. 844 pages. $16.00. 


TRACE ANALYSIS 


Edited by JOHN H. YOE, University of Virginia; and 
HENRY J. KOCH, formerly of the Sloan-Kettering Institute, 
1957. 672 pages. Prob. $11.00. 


THE TAO OF SCIENCE 


By R. G. H. SIU. An essay on Western knowledge 
and Eastern wisdom. 1958. 180 pages. 54.25. 


Send today for your examination copies. 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N. Y. 
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A Device for Measuring Vapor Pressures, Stanley Tannenbaum. . 
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For ultra-sensitive 
fluorescence measurement 


the Coleman Electronic Photofluorometer 


The Coleman Model 12c Electronic Photofluorometer is the 
latest of a distinguished series of instruments which have 
been largely responsible for the development and wide 
utility of the science of fluorimetric analysis as it exists today. 


A precise, highly sensitive instrument for the analysis of sub- 
stances which fluoresce in solution, the Model 12c Electronic 
Photofluorometer is characterized by ease of use, stabil- 
ity and reproducibility of reading, and an extremely 
wide sensitivity range. 


Direct-reading, A.C. line-operated, employing 19 mm. 
round cuvettes requiring only 8 ml. of sample, the Model 
12c Electronic Photofluorometer provides precise analyses 
of fluorophors ranging from trace-quantities of blood 
components (steriods, porphyrins, estrogens) to vitamins in 
foods and vitamin concentrates. 


Here are a few references typical of the routine analytical 
applications of this versatile fluorescence meter: 


Foods and Food Concentrates 
Thiamine and Riboflavin in all varieties of foodstuffs 
from cereals and food concentrates through soft-drinks 


COLEMAN 


MAYWOOD, 


INSTRUMENTS, 
ILLINOIS e WRITE TO DEPARTMENT B. 


and meats. A.O.A.C. Methods of Analysis, 8th Edition, 
819-826, 1955 
Tryptophan in Foods Anal. Chem. 28, 884, May, 1956 
Pharmaceuticals 
Thiamine and Riboflavin in Vitamin Preparations U.S. P. 
XV, 912-913 
Medicine and Medical Research 
Malic Acid—J. Bio. Chem. 212, 787-800 (1955) 
Estrone—J. Clin. End. & Metab. 12, 1513-1531 (1952) 
Catechol Amines—Scand. J. Clin. & Lab. Inv. 8, 288- 
295 (1956) 
Blood Prophyrins— Unpublished 
Coleman Model 12c Electronic Photofluorometer 
complete with mercury vapor lamp, voltage-regu- 
lated lamp transformer, one dozen selected cuvettes 
and operating directions, but without filters (filters 
may be selected as required).........$475.00 
All Coleman Instruments are sealed at the : 
factory for your protection. 
For full description of the Coleman 
Model 12c Electronic Photofluor- 
ometer, write for Bulletin B-230. 
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Lifetime equipment made of heavy 
type 316 stainless steel 


e ROUND TANKS 


The Daigger round tanks are the 
finest in construction and finish and 
the easiest to keep clean. 


The lip of each tank is double 
formed for maximum rigidity and 
complete safety. Included is a 
graduated dip stick for accurate 
gauging of liquid level. 


Available with rubber hose drain or 
with stainless steel sanitary faucet. 


ROUND TANKS 


With Faucet With Drain 


Price No. Price 


125.00 H110 95.00 


140.00 H115 110.00 


160.00 | Hi20 | 130.00 | 38. 
175.00 | Hi25 | 145.00 38.00 


_ 205.00 | -H130 | 175.00 | 38.00 | 2 
53.00 


| 


297.00 | H150 266.00 


* Stainless steel stands also available. 


Heli-arc welded, strong, clean, 
will not crack or corrode 


¢ SQUARE TANKS 


Where space is limited— 
DAIGGER square tanks 
are the answer. A '2” 
rim all around the tank 
eliminates dripping. Avail- 
able with rubber hose 
drain or with stainless 
steel faucet. Complete 
with cover. 


| se 


Tank With Drain With Faucet 

|__Neo. | Price | No. | Price _ 
5 10x10x14"deep | HS | 50.00 | FS | 80.00 
10 19x 12x17" H10 70.00 | FIO 100.00 


25 | 17x17x 22” | | 120.00 Fas 150.00 
$6595 Portable mixer electric 76.00 


¢ GRADUATED MEASURE 


Legibly graduated on inside 
in both ounces and cubic 
centimeters. 


e PAILS 


For Mixing, Storing or Transferring 
Corrosive Liquids 


“000 | 8 | 8” | O%" | 13:10 | 
1012 | 11%" 9%" | 15.60 
1016 | 16 | 11%” 9%” | 19.00 


20 | 12%" | 12%" | 97.70 
* Straight sided. 


| 
| 4 | 8 
| 


FUNNELS 


Come in 7 
Convenient Sizes 


LARGE. 
RECTANGULAR 


; Built to last a lifetime. Never any problem 


of warping or breaking, they're gleaming and 
easy to clean. 
Size 
12x16" 


STAINLESS STEEL | 
LABORATORY WARE | 
= Size | Cover : 
__No. | [Price Price 
| 120 32.00 
125 | 22.00 
| 
wil 
¥| | Depth | Each 
+, |_Ne Ox. MI. Each 
4186 250 | 400 2. 
4187 16 500 | 5.50 
7 4189 32 1000 | 7.30 
lition, 
1956 — 
| 
952) 
“ 
8000 
8004 | 18x 29” 4.50 
Cat. | Cap'y | pis | Each Cat. | Cap'y | | 
| 1 | 6%", 9.50 | 24x30” | 52.50 
4 | 10° 72:80 | 000 #| 3242 3 | : 
We can supply special sizes and designs to order. 
3 G.dadqgigger & xinzie at weiis+cuicaco 10, 110. 
ATION VOLUME 35, NO. 1, JANUARY, 1958 A7 - 


The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


in 


itl 


in 


Lifetime accuracy... 
CENCO, 


Mercury Barometer 


Here’s a practical mercury barometer that’s easy to read... 
accurate .. . capable of fine adjustment . . . and built for years of 
dependable service. The glass tube is completely enclosed in a 
hexagonal brass tube with metric and English scales attached. 
Constructed as prescribed by the U.S. Weather Bureau to conform 
to correction charts established by them. This is an unusually fine 
instrument at a remarkably low price. 


Order today for prompt delivery 


No. 76890 Cenco Mercury Barometer for altitudes 0 to 4000 ft 
each, $58.00 


No. 76891 Cenco Mercury Barometer for altitudes from 1500 to 10,000 
feet........each, $65.00 


No. 76892 Metal Barometer Mounting with conversion table 
each, $7.50 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory— 1718-E Irving Park Road « Chicago 13, Illinois 
Branches and Warehouses—Mountainside, N. J. « Boston « Birmingham 

Central Scientific Co. of California—Santa Clara e« Los Angeles 

Refinery Supply Company—Tulsa e Houston 

Central Scientific Co. cf Canada, Ltd.—Toronto e Montreal e Vancouver e Ottawa 
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*Trademark Reg. U. S. Pat. Off. 


Designed and Manufactured by 
E. H. Sargent & Co. for all 
Polarographic Applications in 
Research and Control Analysis 


MODEL Ill MODEL XX! POLAROGRAPH-—S-29303—Pen Recording, Po- 
tentiometric. The complete automatic programming, the com- 
bined visual indicator and chart recorder, and the wide flexibility 
in controls make it most convenient for both research studies and 
routine analytical applications. 


MCDEL POLAROGRAPH-—S-29301—Photographic Re- 
cording, Indicating. An adaptation of the original Sargent- 
Heyrovsky Micro Polarograph, Model X. Recommended for use 
in routine analyses and research procedures where the step form 
departs from the theoretical, simple shape and is complicated by 

4] BOSRARPeANsnss: : maxima, complex formation, presence of several different ions, 
rr f e irreversible reactions, etc. and where it is consequently necessary 

to have a continuously plotted polarogram. 


MODEL Ill POLAROGRAPH—S-29290—Manual, Indicating. 
Recommended for use in those routine analyses where only one 


substance is determined and where the step shape approximates 
f ES : a pure form, characteristic of reversible reactions involving simple 
ATS ions in fairly substantial concentrations. Also useful in the per- 


formance of amperometric titrations and for instructional pur- 
poses in educational institutions. 


Polarographs 
and Accessory 


MODEL Equipment 


y | SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS MODEL Xil 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 

rawa SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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COLLEGES AND UNIVERSITIES 
COMPLETE NUCLEAR 


A typical student nuclear engineering laboratory. a 
At the left background is a well scintillation 
counter, scaler, and timer. On the same bench 
at the right is an automatic strip foil analyzer. 
An alpha survey meter and beta-gamma survey 
meter rest on top of the bench. 


To the right, in front of an automatic gamma-ray 
recording spectrometer, a student surveys the 
area with a portable slow/fast neutron monitor. 
At the reactor, students make measurements 
within the uranium lattice with BF3 counters. 


At the right a student uses a scintillation de- 
tector in a manual sample changer. Beside him 
are two student counting systems. On the table 
in the foreground is an ion chamber type survey 
meter. These instruments, manufactured by 
Nuclear-Chicago, are all typical nuclear training 
tools which will contribute importantly to any 
nuclear engineering curriculum. 


Instructor demonstrating insertion of aluminum 3 
tube into grid assembly in the Model 9000 Stu- 
dent Subcritical Reactor. 275 of these tubes, con- 
taining uranium fuel in the form of 1” x 8” slugs, 
are arranged in a hexagonal pattern in the reactor. 
Since the moderator is water, students actually 
can see the exact position of a detector or foil 
placed at any point within the uranium lattice. 
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YOU CAN HAVE YOUR OWN 
TRAINING LABORATORY 


Nuclear- Chicago announces a completely new package program to provide exclusive subcritical 


reactor, all nuclear instrumentation, and detailed experiments for your nuclear technology program 


Now you can answer this country’s critical need 
for trained nuclear scientists and engineers by 
instituting a complete Nuclear-Chicago equip- 
ped laboratory and training program. 

Key unit in this comprehensive ‘“‘package’”’ lab- 
oratory is the new Model 9000 Student Sub- 
critical Reactor. Water-moderated, and using 
a neutron source and natural uranium as the 
fuel, the Student Reactor is absolutely safe to 
operate, simple in construction, inexpensive to 
maintain, and ideally suited for teaching pur- 
poses. The entire assembly is installed with a 
walkway to provide easy student access to the 
reactor’s interior. 
Complementing the Student Reactor is a care- 
fully selected, integrated group of radiation 
detection and recording instruments. Designed 
for both group and individual experiments, the 
instrumentation includes gamma-ray scintilla- 
tion spectrometer assemblies, fast and slow 
neutron counting systems, foil counters and an- 
alyzers, student alpha, beta, gamma counting 
systems, and portable monitoring instruments. 
Nuclear-Chicago supplies a manual providing 
detailed instructions on more than 30 nuclear 
experiments directly related to the Student 
Reactor and associated nuclear instrumenta- 


tion. Experiments are designed to familiarize 
students with basic nuclear detecting and meas- 
uring devices and analytical methods, and to 
provide actual reactor work in determination 
of neutron flux, neutron activation, and other 
reactor properties. A typical course outline will 
be supplied by Nuclear-Chicago and special 
programs can be prepared to meet the par- 
ticular needs of any educational institution. 
Nuclear-Chicago is the only manufacturer able 
to provide a Student Reactor, complete instru- 
mentation, and the nuclear course curriculum. 
For full information, write Nuclear-Chicago 
today expressing your interest in this vital ad- 
dition to your training and teaching facilities. 
A representative will call on you, explain com- 
plete details of the AEC assistance program, 
and give help on making requests for funds and 
fissionable materials from the Atomic Energy 
Commission. 


nuclear - chicago 


239 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


Instructor loads reactor with neutron 
source which is generally placed in the 
center of the uranium lattice. Calibrated 
mechanism supplied with the reactor may 
be used to position source anywhere within 
the structure for experimental purposes. 
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Strip Foil Analyzer is one of several sys- 
tems for group experiments. Strip foil 
activated in reactor is drawn automatically 
past Geiger tube in analyzer. Recording 
shows exponential decrease in activity 
along radius of uranium lattice. 


Typical student counting system for indi- 
vidual experiments includes scaler, timer, 
manual sample changer with thin window 
Geiger tube, absorber set, alpha-beta- 
gamma source kit, and set of uranium, 
silver, gold, and indium foils. 


All 
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PERCHLORIC, 70-72% 
A.C.S. 


Centr 
AL CHemicat 
a pre CORPORATION 


Reagent Code 


B&A Perchloric Acid is pro- 
duced in 60% and 72% Reagent 
strengths, meeting A.C.S. speci- 
fications. It is readily available 
in cases of 1-pound or 5-pint 
bottles and carboys from B&A’s 
extensive national distribution 
network. 


Labels are color-coded black 
for easy identification and 
safety. 


5 rules to follow in handling 
PERCHLORIC ACID 


Like many other laboratory re- 
agents, Perchloric Acid requires 
proper handling. Here are five 
basic safety rules that should al- 
ways be observed: 

1 Perform laboratory reactions 
involving perchloric acid solution 
in a hood and behind laboratory 
safety shields. 

2 Use only with hoods made of 
metallic or ceramic materials. Do 
not allow ducts and hoods to col- 


lect dust or residues of any type. 
Wash down daily. 

3 Use no more than a single 1- 
pound bottle of perchloric acid per 
hood. Keep reagent bottle in hood 
on deep stainless steel tray with 
capacity to hold entire contents 
in case of breakage. Rinse tray 
and outside of bottle daily. Rinse 
all glass apparatus thoroughly. 
‘4 Use heat-resistant beakers, 
flasks or test tubes to minimize 


breakage from heat strains. Use 
glass-to-glass unions in assembled 
apparatus. 
§ Any spillage should be washed 
up immediately, using large quan- 
tities of water with repeated mop- 
ping up and final thorough rinsing 
of the mopping-up material used. 
If you would like additional 
storing and handling information, 
write us for a free copy of M.C.A. 
Chemical Safety Data Sheet SD11. 


BAKER & ADAMSON® 


Reagents 


GENERAL CHEMICAL DIVISION | 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


FINE CHEMICALS 


Offices: Albany* ¢ Atlanta* * Baltimore* * Birmingham* * Boston* * Bridgeport* * Buffalo* * Charlotte* * Chicago* * Cleveland* (Ohio) * Denver* * Detroit* 


Houston* * Jacksonville * Kalamazoo * Los 


eles* ¢ Milwaukee* * Minneapolis * New York* * Philadelphia* * Pittsburgh* * Portland (Ore.) * Providence’ 


St. Louis* * San Francisco* ¢ Seattle « Kennewice, Vancouver* and Yakima (hes) & = The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver® 


Al2 


*Complete stocks carr: 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS AND 
EQUIPMENT 


> The Barnstead Still & Sterilizer Co., 
108 Lanesville Terrace, Boston 31, Massa- 
chusetts, announces the development of a 
new hinged-door type sterilizer with full 
opening to accommodate large trays and 
other large items. 


>» A new Portal radiation monitor, 
providing a very sensitive and efficient 
means of monitoring personnel for gamma 
and hard beta radiation due to radioactive 
contamination, is now available from 
Nucleonic Corp. of America, 196 Degraw 
St., Brooklyn 31, New York. 


>» Black pigmented polyethylene cup 
sink drains, latest addition to its complete 
line of corrosion resistant laboratory 
ware, have been announced by American 


Agile Corp., P. O. Box 168, Bedford, © 


Ohio. 


p An instrument which makes possible 
the graphing of minute changes in ambient 
relative humidity is now available from 
Serdex, Inc., 91 Cambridge St., Boston 4, 
Massachusetts. 


> Dial yourself a teacup size hurricane or 
the sultry Sahara’s arid climate; it’s all 
the same to a comparatively new testing 
instrument that assists science in knowing 
more about seed germination, insect 
control, testing telephones or electrical 
computers, and hundreds of other diversi- 
fied subjects. The unique testing instru- 
ment is called a Climate-Lab, and is 
made by the American Instrument Co., 
Inc., of Silver Spring, Maryland. 


> Spectrographic Specialties, Inc., Box 
569, Addison, Illinois, has available a new 
“Aerosal Corrosion Testing Chamber,” 
imported from Switzerland. It may be 
used for all types of environmental testing. 


> Belco Industrial Equipment Division, 
100 Pennsylvania Ave., Patterson 3, 
New Jersey, announces the development 
of a complete line of Disposable Nuclear 
lon Exchange Reactors which when used 
in conjunction with their Belcolite Nuclear 
Grade Ion Exchange Resins will exchange 
radioactive ions for non-radioactive ions 
and produce water essentially free from 
radioactivity. 


> A low-cost, stainless steel, centrifugal 
pump of high efficiency, and weighing only 
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5%/, pounds, including pump and motor, 
is announced by the Oscar Fisher Co., 
Inc., Newburgh, New York. 


> The Arthur F. Smith Co., 311 Alex- 


ander St., Rochester 4, New York, special- 
ist in high vacuum equipment and in- 
strumentation, announces the new ASCO- 
VAC 10 series of portable laboratory 
mechanical high vacuum pumps, in- 
troducing a completely new concept of 
pumping standards. 


p> lon Exchange Products, Inc., 9349 So. 
Cottage Grove Ave., Chicago 19, Illinois, 
now offers 7 sizes of plastic deionizers 
rated at service flow rates of 5 gallons 
per hour to 120 gallons per hour. Each 
D-Ion Master Deionizer is shipped 
ready for ion exchange and adsorption 
problems or to supply demineralized 
water. 


p> An entirely new type of stirring paddle, 
the “Impelator,’’ has been introduced by 
Palo. This stirring device not only sets 
in motion the media to be mixed but 
combines centrifugal force, suction and 
shearing action, and counter whirl. 
This combination, while creating an 
efficient intense mixing zone, also pro- 
motes a very high velocity of flow through 


for every 
laboratory 
application 


Tygon Tubing, Formulation R-3603, is the 


@ Glass clear 


original transparent plastic tubing specif- 


ically developed to handle virtually every 


@ Chemically inert 


© Tough 
Flexible 


laboratory requirement. Flexible as string, 
Tygon makes tough lab. set-ups easy. Its 
glass-clear transparency permits better 
process control. Now in standard use 


among laboratories all over the world, 


@ Easy to handle 


versatile Tygon Tubing is available in 
more than 60 sizes. 


From laboratory supply houses everywhere 


PLASTICS AND 
SYNTHETICS DIVISION 


495-E 


AKRON 9, OHIO 


\ 
TRESS 
pro- 
speci- | | 
lable | | 
-pint | | 
TUBING. | 
-_ 
\ 
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For Hospitals 
and 
Laboratories 


LUXO LAMPS 


Acclaimed the world over as the best light under which to work! 


The Luxo Lamp is a precision instrument, instantly responsive to the lighting require- 
ments of the laboratory or hospital. 
When mounted in place, the fixture tilts, traverses, raises, lowers. The shade can even 
be adjusted to invert! By the light of its one 40 or 60 watt bulb, you will see better 
and work best. 


A ONE-TIME, LIFETIME INVESTMENT 
in Perfect Lighting! 


Cat. No. JC-73225 Luxo Lamp—Chromeplated. Lamp has 2 extension arms 
that will extend to 45 inches, with either “‘A, B or C”’ bracket supplied. Please 
specify. Each $28.95 
Cat. No. JC-73226 Luxo Lamp—Chromeplated. Same as above but with 
‘“*E” bracket finished in grey. Each $31.70 

Cat. No. JC-73227 Luxo Lamp—Chromeplated. Same as above but 
AY with ““D” bracket finished in grey. Each $28.95 
WN Cat. Ne. JC-73228 Luxo Lamp with floor stand. Same as above but 
with “T”’ tilt-proof stand. Each $51.70 

Cat. No. JC-73229 Luxo Lamp—Chromeplated. Lamp has 3 exten- 

sion arms that will extend to 60 inches. Supplied with either ‘A, 

B or C” bracket. Please specify. Each $33.95 


= LUXO LAMP BRACKETS 


Luxo Lamp attachment facilities are built to LUXO standards. From the six 
selections pictured and described below, the type most-suitable-to-the-need can 
be readily determined. Attachments are furnished in lamp-matching colors. 
“Floor Stand T”’ is available in Grey, also Ivory. 


% C—Screws to work bench 

A—Clamps Luxo Lamp fix- B—Supports Luxo Lamp fix cael 
y horizontal sur- 

ture to ae table, desk or ture vertically. Screws to face. Deep throat insures 


horizontal surface. ; wall or partition. stability. 


— le circular se - ring casters. enter 
D—Fitted with adjusting for desk service or for use shaft is height adjustable, 


knob, screws to drafting . 
table or slanted facility. = horizontal elevated moves easily. 


STANDARD SCIENTIFIC 


« NEW YORK 3,N. CHEMICALS 
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Editor's Gasket 


the entire vessel, ensuring maximum 
dispersion with minimum particle size. 
Descriptive literature on the ‘Palo 
Impelator” is available from Palo Lab- 
oratory Supplies, Inc., 81 Reade St., 
New York 7, N. Y. 


p A clipboard designed to hold a stop- 
watch has just been announced by Jules 
Racine & Co., Inc., 20 W. 47th St., New 
York 36, N. Y. The clipboard is made of 
Bakelite and the timer holder of heavy 
gauge aluminum. One or two timer 
holders can be mounted on the board which 
is fitted for left or right hand use. This 
unique device is ideally suited for the 
many timing operations in the laboratory. 


@ Three new sheets on Gas Chromato- 
graphs and accessories describe: the low 
cost, low temperature Beckman GC-1, for 
routine laboratory separation and analysis 
of gases and liquids boiling up to 80°C; 
the versatile, high temperature Beckman 
GC-2, up to 350°C; and the complete 
line of sampling accessories and column 
information that extend the range of 
applications of both instruments. Obtain 
free copies by writing—Beckman/Scien- 
tific, Fullerton, California. 


@ Think, the publication of International 
Business Machines Corp., 590 Madison 
Ave., New York 22, N. Y., for July, 
1957, included a fine symposium of six 


articles by leading members of the . 


United States National Committee for the 
IGY. It contains a wealth of information 
for the science teacher and is available 
from the Editor, Dwayne Orton. 


e@ A technical data booklet describing 
Neopentyl Glycol is available from Eastman 
Chemical Products, Inc., Kingsport, Ten- 
nessee. 


@ Hercules Powder Co., Cellulose 
Products Dept., Wilmington 99, Delaware, 
announces the availability of Pro-fax 
a bulletin of Hercules polypropylene. 


@ A new properties chart of Hexan 
Polycarbonate Resin and Other Plastic 
Materials may be obtained from the 
Chemical Development Dept., General 
Electric Co., 1 Plastics Ave., Pittsfield, 
Massachusetts. 


@ The Aerograph Research Notes, a 
quarterly published by Wilkens Instru- 
ment & Research, Inc., P. O. Box 313, 
Walnut Creek, California, is designed to 
help with your analytical problems. Each 
issue discusses two or three problems 
arising in Gas Chromatography. There 
is also a column devoted to your question 
of interesting special problems, plus 
information on the latest Aerograph 
accessories. 

@ The November, 1957 issue of What's 
New with Lithium discusses new lithium 
propellants, lithium-aluminum alloys and 
& summary of recent literature dealing 

(Continued on page A16) 
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Excellent Sensitivity and Delicacy of Control— 
Levels and Adjusts Easily and Rapidly 


The Welch CATHETOMETER 


@ Vertical range 100 cm 

@ Vernier reading to 0.05 mm 

@ Working distance 45 cm to infinity 

@ Magnification 12 x at 45cm—8 «x at infinity 
@ Level sensitive to 50 seconds 


This Cathetometer is intended for measurements and ob- 
servations in both industrial and educational laboratories 
wherever an inexpensive instrument of good precision is 
needed. It is rigidly constructed and every essential ad- 
justment can be made simply and positively. 


The telescope is mounted horizontally on a carriage which 
may be moved up or down or around the 30-mm vertical 
rod. A tangent-screw adjustment permits precise leveling 
and a sensitive elevation adjustment is incorporated in the 
carriage. An auxiliary level in the base greatly acceler- 
ates the leveling process. 

No. 68A—Each $247.50 


Full-length Plastic Cover and Set of Instructions included. 
Write for descriptive circular. 
W. M. WELCH SCIENTIFIC COMPANY 
Division of W. M. Welch Manufacturing Company 
ESTABLISHED 1880 


-1515 Sedgwick St, Dept. D-1, CHICAGO 10, ILL, USA. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


“For Scientists Everywhere” 


LABORATORY FURNACE 


Model LGH 


For Dependable Operation 
At High Temperatures 


Superbly designed and built for 
continuous performance at tem- 
peratures to 2500° F. Delivered 
ready to plug in and use. 


Cat. No. 37-428 (11 5v.) or 37-429 (230v,) 
Price F. O. B. Pittsburgh, Pa. ...... 875.00 


Request Bulletin No. 515 


BURRELL CORPORATION 
Scientific Instruments and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


No. 68A. 
3 
~ 
2 Door + : 
For Ease of Access 
TON Als 


MODEL 750-S 
with metric calibrations 


SCALE CORPORATION 
1050 COMMERCE AVE. 
UNION, NEW JERSEY 


ws ifs way — 
around every Lab! 


NALGO 
Flexible Plastic Tubing 


ALGON is a tough, versatile tubing that meets virtually every lab 

. has all the properties necessary for. success in modern 

hemistry. Perfect flexibility for greater speed of.operation . . . glass- 

Nglear arency and excellent dimensional stability. for 
Control . . . non-toxic with high chemical resisteax 
And it's economical too! Less than 15c per ft. for the 
NJ4” ID with 1/16” walls. All sizes from 1/8” through 
A ID. Ask your dealer for catalog F-957. 


ROCHESTER 


Editor's Sashet 


with the element. It may be obtained 
from the American Lithium Institute, 
Inc., 32 Nassau St., Princeton, New 
Jersey. 


@ A new 48-page Norelco book titled 
Principles of Microradiography which in- 
cludes a bibliography prepared by East- 
man Kodak Research Laboratories on the 
subject of Microradiography and Soft 
X-ray Radiography, is available from the 
Instruments Division, Philips Electron- 
ics, Inc., 750 So. Fulton Ave., Mount 
Vernon, New York. 


@ The Glycerine Producers’ Association, 
295 Madison Ave., New York 17, N. Y., 
is offering chemistry and chemical engi- 
neering instructors a multi-color, 19” x 
28” wall chart diagramming the production 
of glycerine from fats and propylene. 
The chart, intended as a classroom study 
aid, lists properties and uses. 


@ A new eight-page bulletin No. 2301 
describing the Aminco Water Vapor 
Indicator, an instrument for measuring 
the water vapor content of compressed 
gases and a four-page bulletin, No. 
2290, describing the Aminco-Jonnard 
Refractometer, a new instrument which 
measures refractive index differences to 
an accuracy of 0.00002, are now available 
from the American Instrument Co., 
8030 Georgia Ave., Silver Spring, Mary- 
land. 


@ The Industrial Chemicals Division of 
Olin Mathieson Chemical Corp., Baltimore 
3, Maryland, has issued a 16-page booklet 
describing the characteristics, grades, and 
containers for 24 basic chemicals used by 
industry. 


@ The Coffee Brewing Institute, Inc., 
551 Fifth Ave., New York 17, N. Y., has 
the following new publications: Number 
24, Nutritional Evaluation of Coffee, 
Number 25, Chemistry of Coffee, Number 
26, Chemical Study of Coffee Flavor, 
Number 27, The Soluble Solids in Beveray: 
Coffee as an Index to Cup Quality. 


@ Pfanstiehl Laboratories, Inc., 104 Lake- 
side Ave., Waukegan, Illinois, has recently 
issued a new 28-page catalogue and price 
list covering their line of rare sugars, 
amino acids, laboratory reagents, an 
biochemicals. Included too, are specific:- 
tions for most of the products. 


@ Number 14, Laboratory Spotlight, which 
surveys new equipment, is available from 
the Harshaw Chemical Co., 1945 E. 97th 
St., Cleveland 6, Ohio. 


@ A new report entitled Heat Sea! 
Characteristics of Polyethylene Film has 
just been published and made available 
to the Plastics and Packaging Industries 
by U. S. Industrial Chemicals Co.. 
Division of National Distillers and Chem- 
ical Corp., 99 Park Ave., New York 16, 


@ A 75-page study of the chemistry an‘ 
(Continued on page A18) 
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to Two new centrifuges have been added to. _— unit accommodates 23 heads and acces- 
n the eee our already extensive line of International sories for any routine application. 
— : centrifuges. The new HT for high speed An International centrifuge is available 
ait ‘centrifuging and the new CM, a cabinet _ for every need from stock. The complete 
fount : unit, for routine moderate speed work. line includes micro, clinical, chemical, rou- 
— The HT high speed centrifuge provides tine, large capacity, explosion proof, 

ition, a speeds to 17,000 r.p.m., with forces to blood plasma, refrigerated, oil testing, 
Bk : 34,390 x G and is designed for maximum soil testing, and a number of other special 
" oe _ safety to operating personnel. The CM application centrifuges. Complete infor- 
ction centrifuge features great adaptability at mation is available on the centrifuge you 
; os ee moderate price. This attractively designed need. Write for literature. 
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Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 
Seles Branches and Warehouse; 
Cleveland 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Kow 
Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave. 
Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa., Jackson & Swanson Sts. 
Pana td 3 Sales Offices: Baton Rouge, La. + Buffalo 2, N. Y. © Pittsburgh 22, Pa. ¢ Oakland 11, Calif. 
ats Hastings-on-Hudson 6, N. 
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MC&B Editor's Sacket 


physical behavior of cellulose acetate 

butyrate in protective coatings has been 
packs or. ag anics published by Eastman Chemical Products, 
Inc., Chemical Division, Kingsport, Ten- 
nessee. 


under Ar tag on @ The Kodak Data Book of elementary 


photomicrographic technique, Photography 
through the Microscope, is now available 
in a revised second edition bringing it up 

to date on current materials, equipment, 
to assure higher Pp urity and practices. It may be purchased for 
seventy-five cents from photographic 
dealers. 


@ A new booklet, Plascon Plastics in 
: a Brief, which outlines characteristics and 
argon. We blanket the containers and the material to be applications of the complete line of 
packaged with argon and seal the bottles while they are Plaskon Plastics and Resins is offered to 

a : molder, designers, engineers, and man- 
under this inert atmosphere. This process assures longer ufacturers. It is published by Barrett 
d Division, Allied Chemical & Dye Corp., 
shelf life and permits your MC&B distributor to give prompt 40 Rector St., New York 6, N. Y. 


delivery of pure atmosphere-sensitive organics. 


Wonder why MC&B organics stay pure longer? It’s because 
we pack all atmosphere-sensitive organics under a blanket of 


@ A new 16-page catalogue contains 
descriptions, specifications and prices of 
Another reason why more chemists are specifying MC&B all 


when the highest purity is desired. ing Systems, and the full line of “150” 
accessories and unit instruments. Copies 


are available on request from Sanborn 
Co., Industrial Division, 175 Wyman 


Matheson Coleman & Bell |“) Waltham 54, Massachusetts. 


Division of the Matheson Company, Inc. @ A _ new 12-page Norelco booklet, 
Norwood (Cincinnati), Ohio; East Rutherford, N. J. giving engineering data on the newest 
X-ray instruments for element analysis 
and structure determinations, is available 
from the Instruments Division, Philips 
Electronics, Inc., 750 So. Fulton Ave., 
Mount Vernon, New York. 


@ Publication of the new Chem-Tech 
Directory, said to be the world’s most 
complete compilation of chemicals, was 
announced today by the Chem-Tech 
Publishing Co., Box F. Leonia, New 
Jersey. Over 14,000 chemicals and their 
sources are listed. The Chem-Tech 
Directory contains no advertising and 
permits chemical companies to list all 
of the materials they manufacture. A 
page revision service is provided to keep 
the directory current at all times. The 
Chem-Tech Directory is offered in a post 
binder at $30. Page revision service is 
$10 per year. 


@ Volk Radio-Chemical Co., 5412 North 
Clark St., Chicago 40, Illinois, has a 
freshly released Sulfur-35 and Phosphorus- 
32 labeled compound catalogue. 


@ Texas-U.S. Chemical Co., 260 Madison 
Ave., New York 16, N. Y., has just 


Unbr sakable NALGENE * [HH] Flasks published a 52-page technical manual on 


butadiene which is believed to be the 


These pleasant, easy to handle NALGENE [HH] FLASKS stand up to the roughest lab most comprehensive manual yet written 
treatment. Extra safe with heavy wall construction to withstand vacuum pressures in on this chemical which is a major raw 
filtering, they are virtually unbreakable . . . unaffected by heats up to 250°F ... material for synthetic rubber. 

available in 500 ml capacity only . . . with or without tubulation. 


1228HH 1227HH Ask your Dealer for catalog F-957 @ The Office of Technical Services, U. 5. 
Department of Commerce, Washington 15. 


ERLENMEYER | WITH TUBULATION ? 

PRICE $2.50 $2.85 the D. C., has the following publications 0! 
enn interest to the chemist: PB 121690. 
LESS QUANTITY DISCOUNTS Volume 1: Radiochemical Techniques, 


*Brand Name for Nalge Polyethylene ware. ROCHESTER 2. NEW YORK May, 1953, 152 pages, $4. PB 121689, 
WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! (Continued on page A20) 
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Splash but no crash! 


How Texas Tech cuts cylinder breakage to 1.6% 


The “scrap” buckets get far fewer 
graduated cylinders since the head of 
the Chemistry Department at Texas 
Technological College tried an ex- 
periment. 

Last spring he switched to PYREX 
No. 3046 cylinders and gave 500 of 
them to his freshmen. Four months 
later he took tally and was delighted 
to find that 492 cylinders were still 
unmarred. 

Now he nods agreement when our 


salesman calls out the virtues of No. 

3046 cylinders. 

Virtues such as these: A reinforced 
bead that strengthens 
the cylinder and pro- 
tects its spout if it tips 
over. An extra wide 
hexagonal base —a 
first from Corning — 
‘that resists tipping 
and prevents rolling. 
Pyrex No. 7740 glass 


that resists corrosion, and heat 
shock, and mechanical knocks. 

Such knowledgeable design fea- 
tures are to be found in all the 
27,000 kinds of lab glassware you 
can buy under the Pyrex mark. 


CORNING GLASS WORKS 
wy 76-1 Crystal St., Corning, N.Y. 


means ix Glatt 


. . . the tested tool of modern research 
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Type 70-T 
Temperatures to 1950° F. 
The new design of these furnaces 


provides you with a complete and 
compact self-contained unit. The 


base contains a tap-changing 


transformer equipped with two sel- 
ector switches which offer 36 
steps of temperature control. Larg- 
er size tube Furnaces are avail- 
able. Write for Bulletin 552. 


Type 
123-T 


Each Section 


Separately 
Controlled 


This Organic Combustion Tube 

Furnace, made in three movable sec- 

tions, is a convenience for the modern 
organic analysis laboratory. This furnace 


can act as one or as three separate units. The 


use of tap-changing transformers allows 


temperature regulation and means savings in power 
and maintenance. The furnaces are hinged for easier op- 


eration. Write for Bulletin 735R. 


HEVI 


closer 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN — 


Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers 


Constant Current Regulators 


Edttor's Sachket 


Volume 2: Radiochemical Procedures, 
March, 1952, 129 pages, $3.25. PB 
131003, The Irradiation of Polyvinyl 
Methyl Ether with Electrons and Gamma 
Rays to Form Elastomers, 35 pages, $1. 
ANL 5753, A Survey of Metal Solubilities in 
Zinc, July, 1957, 72 pages, $2. BMI 1223, 
Properties of Some Refractory Uranium 
Compounds, September, 1957, 34 pages, 
$1. GAT 213, Freezing Point Determina- 
tions of the Uranium Hexafluoride-H ydrogen 
Fluoride System, October, 1957, 14 pages, 
50 cents. HW 50133, Uniform Aqueous 
Corrosion of Aluminum—Effects of Various 
Tons, June, 1957, 53 pages, $1.50. KAPL 
1781, Review of the Joint AECL-KAPL 
Studies of the Transuranium Elemenis, 
July, 1957, 35 pages, $1. KLX 10021, 
(portions deleted) Electrokinetic Process— 
Nuclear aspects, Quarterly Progress Report 
for November 1, 1955-January 31, 1956, 
February, 1956, 13 pages, 50 cents. 
ORNL 2363, F'8 Exchange between Fluoro- 
carbons and some Flworine-containing Com- 
pounds, n.d., 117 pages, $3.25. ORNL 
2382, The Solvent Extraction of Iron with 
Tri-n-octylphosphine Oxide, n.d., 19 pages, 
75 cents. WAPD-BT-3, Reactor Chemistry 
and Plant Materials, Bettis Technical 
Review, Volume 1, No. 3, August, 1957, 
142 pages, $4. PB 13180, Principles of 
Inorganic Polymerization, A. Burg and 
others, May, 1957, 68 pages, $1.75. 


MISCELLANY 


*% Lead, Volume 21, 1957, the publication 
of Lead Industries Association, 60 Kast 
42nd St., New York 17, N. Y., has a 
story on a “lead dry cell’? which has a 
completely reversible electrochemical sys- 
tem. The anode is lead-lead oxide and the 
cathode consolidated silver powder. On 
charging the silver becomes Ag,O and the 
lead-lead monoxide becomes metallic lead. 
The electrolyte is potassium hydroxide. 
Although it only delivers 0.9 volts, it has 
a long storage as well as a long service 
life. 


*% ‘Science Teacher Achievement Recog- 
nition,” the now familiar STAR awards for 
excellence in creative laboratory procedure 
on the secondary level, are being con- 
sidered for the 1957-8 school year. This 
program is conducted by the National 
Science Teachers’ Association under a 
grant from the National Cancer Institute 
and the U. S. Public Health Service. 


% If one seriously regards the results 
of a survey made recently by the U. 5. 
Office of Education stating “that half of 
the young men and women who began 
teaching in 1956 expect to stop within 
five years,’ something needs doing! 
Perhaps more programs like the STAR 
(mentioned previously) are imperative. 


% According to a study made by tlic 
American Institute of Physics, most 
physics graduate students are ignoring 
industry for an academic life, while 
those with only an undergraduate degr:e 
prefer industry. It seems to take longer 
than that to “educate’”’ the chemist. 
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ABSTRACTS 


_ Prepared from the JOURNAL OF CHEMICAL “EDUCATION (1924-1956) by Hubert N. 


6s. IONIZATION 


Cc. 


(Continued from December) 


MIGRATION OF IONS 


Quantitative measurement of transport numbers 
6-21s (a) Model illustroting migration. A contraption with two 


sliding rules marked with + and — signs, and used to show 
why equal quantities of cations and anions are deposited 
despite differences in ionic mobilities, and that the decrease 
in concentration of electrode at the cathode/anode is in 
the same ratio as the velocity of migration of anion/cation. 
See article for details. (Freporow, A. S8., 12, 93 (1935).) 

(b) Model showing (1) no change in the middle portion, 
(2) solution neutral at the electrode, (3) loss at anode is 
proportional to the passage of the anions. (THOMPSON, 
M. de K., 7, 1413 (1930), abstracted from Amer. Electro- 
chem. Soc., Preprint 57-59 (1930).) 


6-22s Moving boundary. (a) Current is passed through 0.1N 


KCl using a Cd anode: the CdCl. diffusing away from the 
anode produces a layer rendered visible by an optical ar- 
rangement described in the article. Calculate transport 
numbers from times necessary for 0.1 mm. movements of 
the boundary, as measured electrically in a circuit given in 
the article. A student project, not demonstration. 
(Lonesworth, L. G., 11, 420 (1934).) 

(b) Improvement on (a) by using an electronically- 

controlled constant current supply, with occasional manual 
adjustment to compensate for resistance changes in the 
tube; a calibrated milliammeter replaces the potentiometer 
used in (a); methyl violet in 0.1-0.05N HC) indicates the 
moving boundary. (BENDER, P., and Lewis, D. R., 24, 
454 (1947).) 
Silver ion transport. Since this is a student project rather 
than a lecture demonstration, only the simplest device is 
described here. (a) Principle. A 220 volts d.c. is passed 
through a resistance set for 8-10 milliamperes of current, 
then through a copper coulometer, and finally through a 
silver-ion transferrence number cell. (6) Coulometer. 
Three 1.3 X 6.4 cm. Cu electrodes with Cu cathode placed 
between, and 1 cm. from, two copper anodes immersed in a 
125 ml. beaker containing 15 g. CuSO, + 5g. HeSO, + 100 
ml. water + 5 ml. ethanol. (c) Transference cell. (Less 
expensive than the conventional 3-compartment Findlay 
cell) a 50 ml. buret clamped vertically; the cathode at the 
top is a spiral of No. 22-27 gauge silver wire; the anode is a 
similar spiral at the bottom of the buret; the anode wire 
passes through a plug of glass wool, then through the capil- 
lary of the stopcock, and finally out through a rubber 
policeman slipped over the tip of the buret. (d) Operation. 
Pass 8-10 amps. for 3 hours. Slowly, at 3 ml. per minute, 
run out 14, 14, 14, and 15 ml. portions of the silver solution; 
determine their strengths by the Volhardt method. 
Weigh the Cu in the coulometer. From these data caleu- 
late the transferrence numbers for Ag* and for NO,;7; 
the former is more accurate since there is less disturbance in 
withdrawing the first sample. (Roemer, T. J., and 
Cootey, R. A., 28, 37 (1951).) 

Refer to original articles for other methods for deter- 
mining silver ion transport number: Co ..tns, E. M., 11, 
52 (1934); Mason, C. M., and Me tton, E. F., 16, 512 
(1939); LinneLt, R. H., 30, 532 (1953); and Hauam, 
H. E., 31, 306 (1954). 


Cataphoresis. Electrophoresis 


O 6-24s 


Fe(OH); sol. An H-tube with elongated lower limbs is 
half-filled with a mixture of 0.0001N KCl + enough 10% 
sucrose-aq. to give a layer denser than Fe(OH); sol, which 
is placed on top; Cu electrodes, 110 volts d.c.: sol moves 
1/,” in 15 minutes. (GREENFIELD, R. E., and Exper, A. 
L., 3, 443 (1926).) See Dem. 6-38s-e. 


6-25s Paper electrophoresis of blood-serum protein. (a) Place 
a4 X 7” glass plate to bridge two 500 ml. beakers contain- 
ing solutions buffered to pH 7.5. (6) Rub a thin film of 
silicone grease on the upper surface of the plate. (c) 
Draw a pencil line crosswise in the middle of a 4 xX 12” 
strip of Whatman #3 paper or #547 Schliecher and Schuell 
filter paper; dip into the buffered solution; blot partly 
dry with filter paper; place on the glass plate, spreading 
the silicone grease along the edge of the paper to avoid 
evaporation during electrophoresis. (d) Apply a sample 
of 0.1-0.05 ml. of normal or pathological serum containing 
brom-phenol blue indicator to any point on the pencil line. 
(e) Rub a thin film of silicone grease on a second 4 X 7” 
glass plate and press it against the paper, holding it in 
place with light clips. (f) Push the extruding ends of the 
filter paper into the buffered solutions; dip two carbon 
electrodes into the solutions, and pass 110 volts d.c. (or 
220 volts, with resistance) for 3-15 hours. (g) Dip the 
paper in brom-phenol blue in alcohol saturated with 
HgCl, for 5 min.; wash with water; dip into HOAc-aq 
dry; if necessary hold in NH; vapor. A sequence of spots 
leading away from the pencil line show albumin (farthest), 
a, a, 8 and y portions. (h) Article has a photograph 
showing the difference between normal serum and patho- 
logical sera indicating cirrhosis, nephrosis, and myeloma. 
(MaRTINETTE, Sister M., B. V. M., 31, 18 (1954).) 


D. ELECTRODEPOSITION AND ELECTROLYSIS 


Faraday’s laws 

6-26s Use apparatus from Dem. 6-4s-a2 for confirming Fara- 
day’s law. (ConkKuIN, R. B., Marton, 8. P., Wricut, 
D. D., 24, 393 (1947).) 

6-27s Coulometric titrations. A student experiment, not demon- 
stration: see article for details. (Remuey, C. N., 31, 
543 (1954).) 


Electroplating 

6-28s Chromium. Form red CrO; by adding cone. H,SO, to 
K,Cr.0;. Filter through glass wool, dissolve 300 g. in 1 
liter of water + 5 ml. conc. H.SO,. Electroplate using a 
lead anode; cover cell with paper to prevent fuming; 
use current density of 10-20 amps. at 50°C. A shiny Ni 
spoon as cathode will emerge with a shiny chromium plate. 
(Fine, I., 8, 929 (1931).) 
Copper. Rinse a 4cm. Cu gauze cathode in distilled water; 
dry; weigh to the nearest 0.01 g. Use a Cu strip anode. 
Immerse electrodes in 1 liter HO + 200 g. CuSO,.5H.O + 
80 g. conc. H,SO,. Connect to resistance, ammeter, and 
electrolyze for 30 min. at 0.25 amps. Rinse the cathode 
and reweigh. (BacHMAN, G. B., and FarRe tt, J. K., 10 
689 (1933).) 
Nickel. Use a Ni gauze anode; bath containing 1 liter 
plate at 0.15 amps. for 30 minutes. (Bacrman, G. B., 
and FarRELL, J. K., 10, 689 (1933).) 
Silver. Silver anode; copper cathode cleaned in conc. 
HNO; until surface is matted; bath is 40 g. AgNO; + 560 g. 
KI + 1 liter H.O + 2.8 ml. conc. H:SO,; plate for 10 
min. at 1 amp. per sq. cm. (Apsor, A. E., 17, 597 (1940).) 
Various metals. See Rep. New England Assoc. Chem. 
Teachers, 34, 6 (1932), for baths for electroplating Cu, Ni, 
Ag, and brass. (Srracuan, E. K., 10, 57 (1933).) 


Electroforming 

6-33s (a) Make a wax impression by pressing the object to be 
copied into soft wax in a crucible. (b) Remove object; 
insert Cu wire in the wax. (c) Dust the impression with 
bronze powder, which should also contact the wire. (d) 
Copper-plate for an hour; remove from mold; dry with 
air-blast; fill with molten solder. (e) Cool; remove; 
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clean; file off excess lead. (BACHMAN, G. B., and FARRELL, detected with starch-iodide paper; this suggests why 

J. K., 10, 689 (1933); also see Hama, W. J., 6, 770 (1929).) NaOH-aq. is used in commercial electroiysis. (e) Elec- 

; trolysis of 10% NaOH-aq. gives volumes nearer 2:1, pro- 
Electrolysis vided the electrolytes are previously saturated with gases. 
6-34s Of water. Electrolyze water in two 5-ft. lengths of 9 mm. (f) With a graphite anode substituted for Pt, the volume 


tubing in a Hoffman-type apparatus, using current from a 
tungar rectifier: dramatic generation of gas. (Lorz, J. F., 
12, 98 (1935), abstracted from Sch. Math., 34, 811 (1934). 
See Dem. 6-38s, d through j.) 


6-35s Of halides. (a) Boil 10 g. powdered blue litmus + 3 liters 


H;0 for 5 min.; filter; add 300 g. NaCl to the filtrate; 
acidify with HCl to just red. Electrolyze in a U-tube 
or Hoffman-type apparatus: the anode gives off Cl, which 
bleaches the litmus and turns starch-iodidepaper blue; the 
cathode forms NaOH which turns litmus solution blue, 
the color moving progressively down the cathode arm. 
(Martin, D. R., 25, 495 (1948).) 

(b) Electrolyze KCl-aq. for 30 min.: KCIO also forms, 
which on heating forms KCIO; which can be detected be- 
cause of its birefringence in a polarizing microscope; 
KCI is not birefringent. (Tutgssen, G. E., and Bests, 
L. F., 19, 331 (1942).) 


6-36s Of industrial brine. (Mercury cell process for caustic and 


and Cl). (a) Dip wire insulated in a glass tubing into 
15 ml. clean Hg (cathode) in a 4-0z. wide-mouth bottle. 
Dip graphite (anode) into 25 ml. pure filtered NaCl solu- 
tion in the bottle. (6) Pass 2 amps. from a storage battery 
for 10 minutes: 0.1 — 0.13% Na in Hg forms in that part 
of the mercury cell called the “electrolyzer.’”’? (c) Remove 
this amalgam to a bottle of NaOH-aq.: notice there is 
little or no reaction. Now lower a piece of graphite to 
touch this amalgam: a brisk evolution of Hz occurs: this 
illustrates the industrial reaction in what is called the ‘“‘de- 
composer’; it is actually a short-circuited electrolytic 
cell, Na-amalgam being the anode and graphite the cathode. 
For the industrial theory, see article. (GarpineER, W. C., 
30, 116 (1953).) 

Nascent gases during electrolysis. (a) Wrap colored 
cloth around a carbon anode during the electrolysis of 
acidified water: the dye bleaches. (b) Place a cloth bag 
containing As-S; or Sb.O; around a carbon rod cathode in- 
serted in a glass tube provided with a rubber stopper and 
delivery tube for the off-gas. Electrolyze: arsine or 
stibine is given off, and an arsenic or antimony mirror can 
be obtained by heating the exit tube (Marsh text). (c) 
Electrolyze (b) using a rod of antimony as cathode: again 
stibine forms. (d) Electrolyze (b) using a tarnished silver 
spoon cathode: the tarnish disappears and H.S is evolved 
as shown by its darkening lead-nitrate paper held at the 
exit tube. (e) Repeat using Cu tarnished with 8: same 
result. (f) Electrolyze conc. NaCl-aq. using an anode 
made of gold-leaf tightly wrapped in a piece of thin cloth: 
the gold foil disappears and the Au and Cl, combine 
vigorously with bright flashes in the liquid. (Hoxmgs, 
D., 11, 308 (1934)). 


6-38s Miscellaneous electrolytic reactions. An H-shaped Hoff- 


man-type cell is made by joining two 15 X 150 mm. tubing 
with a wide cross-bar. In the bottom of each tube is a 
one-holed rubber stopper carrying graphite or Pt-in-glass 
electrodes. The top has one-hole stoppers carrying 6 mm. 
delivery tubes. Mixing of solutions is kept at a minimum 
by placing a plug of glass wool or cotton in the cross-bar, 
and pouring the two solutions in simultaneously. The 
following experiments may be performed. (a) Cl~ or 
Br~ give free halogens, detected with starch-iodide paper 
held above the anolyte. (b) NaCl-aq. gives He + Cl, + 
NaOH, illustrating the Nelson cell. (c) CuBr-aq. with 
graphite electrodes gives Br. and Cu plating, and disap- 
pearance of the blue Cu++ from the cathode. (d) Semz- 
quantitative electrolysis of water. Electrolysis of 10% 
H.SO, gives 30 ml. H: in 5 min. and a little less than half 
this amount of O, due to the solubility of O2 (this is over- 
come by running the apparatus some minutes to saturate 
the electrolytes previous to the experiment). At high current 
density persulfuric acid and ozone form, the latter heing 


of O, is considerably less than half the Hz in the electrolysis 
of H:SO-aq. because O, oxidizes the graphite anode to 
CO, as in the Hall process for A;. (g) NaOH-aq. gives 
Oz + NaeCO; in the anolyte; the latter is detected by adding 
HCl-aq. to it. (h) He and O can be identified directly in 
the limbs with a glowing splint; O; can be detected with 
starch-iodide paper. (i) Notice heat effects, due to 
ohmic resistance of the electrolyte, showing Ohm’s and 
Joule’s laws operate in solutions as well as in metallic con- 
ductors. (j) Show magnetic field from flow of electrons 
by placing a small compass under and over a lead wire, 
above and below the crossbar: shows cation and anion 
flow cause same direction of magnetic fields. (k) Dilute 
during electrolysis, showing relative conductivities of 
weak and strong electrolytes. (l) show cataphoresis of 
colloids such as basic fuchsine, As2S;, and hydrous Fe,O3. 
(STEINBACH, O. F., 20, 303 (1943).) 


Electrochemical reactions 
6-39s (a) Electrolyte NaClO;-aq. + Na2zCr.0;-aq. between lead 
electrodes: chrome yellow (lead chromate) forms. 

(b) Electrolyze KI-aq. + alcohol between Pt electrodes: 
iodoform is obtained. (STone, C. H., 4, 630 (1927).) 

(c) A gelatin plug containing 1% NaCl divides a U- 
tube into two sectors; Pt electrodes are immersed in 
FeCl;+KCNS which is deep red in one limb, and FeCl. 
+KCNS-aq. which is pale green in the other. Pass cur- 
rent, making the latter limb negative: the colors reverse. 
Now reverse polarities: the colors are restored. (WHITE, 
C. E., 2, 208 (1925).) 

Electrolysis in non-aqueous media 

6-40s In liquified gases. Show that KI dissolved in liquid SO, 
conducts electricity; evaporate: red crystals of KI.4SO, 
form, and finally white KI. (Watton, J. H., 19, 453 
(1942).) 

6-41s In molten solids. Electrolyze the following molten salts: 
(a) CaCl, in a graphite crucible, (6) SrCl, with a Hg 
cathode, (c) BaCle with Hg catalyst. No details are fur- 
nished in the article. (Haskins, R., Gavin, J., and 
Bowman, E. C., 14, 321 (1937).) 


E. PROJECTION OF IONIZATION PHENOMENA 


6-42s See article for diagram of a divided projection cell with a 
center partition; Pt wire electrodes are inserted in each 
section and connected to an ammeter or cell depending 
upon whether current is to be measured or used. The 
following experiments are described. 

(a) Electrolysis. (1) KNO;-aq. + litmus or universal 
indicator. (2) FeCl; + potassium ferricyanide. (3) NaCl- 
aq. + phenolphthalein in a cell made into two compart- 
ments by plugging with Hg; Cl. and Na amalgam form, 
see Dem. 6-36s. (4) NH,Cl-aq. + methyl purple: Cl: 
and voluminous ammonium amalgam form. 

(b) Oxidation-reduction. Seal gap with 1.5% agar gel 
containing 4% NaSO,. (1) Measure EMF with Ag/- 
Agt//Znt++/Zn. (2) To add 
SO,-aq.: brown I; along wire, and solution in other com- 
partment turns green (Cr*’). (3) Fresh ferrous ammo- 
nium sulfate + a little KCNS in one compartment, and 
KMn0O,-aq. in the other; add H.SO, to the KMnO--aq.: 
current is generated, red FeCNS++ appears, showing oxi- 
dation has occurred. (4) (A difficult but good experi- 
ment). KMnQ,-aq. in one, + NasSO,.-aq. floated 
on cone. NasSQ,-aq. in other; Pt wires; add H.SO, to 
the KMn0O,-aq: deflection occurs. Then add H.SO, to 
the H,O,: deflection decreases. Add excess NaOH to 
the H.O:: deflection decreases greatly, and O2 evolves. 
(MeEtprvum, W. B., 25, 490 (1948).) 


(Topics 7's. will appear in February issue) 
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The redesigned Boekel hand driven 
Centrifuge has a one piece cast aluminum- 


; : alloy body, which makes it easier to 
long Service lif € handle and carry. The steel pinion 
with the economical shaft turns on a steel ball bearing 


and is held in position by two bronze 
bushings. The shaft and machined 
C Aj beveled gear are packed in non- 
ideal for school channelling, non-liquifying grease. 


laboratories and spot-tests 
in the field. 


New clamping screw and lever 
permit easy and positive gripping on 
any bench or table edge up to 1'/» 
inches in thickness. 
The easier and safer to use long 
sweep-crank has a spring-clutch which 
allows the crank shaft to be 
immediately disengaged, thus permit- 
ting the tubes to come to a smooth, 
gradual stop without disturbing the 
sediment. All cast parts are pro- 
tected with a durable green Plextone 
finish. 


Available through your laboratory supply dealer with 
two or four arms in 15-ml., 50-ml., 100-ml., Goetz and 
Babcock tubes. Protecting domes available. 


WM. BOEKEL & CO., INC. 


SERVING SCIENCE SINCE 1868 
PHILADELPHIA 6 PENNSYLVANIA 
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TRIPLE-BEAM BALANCE 


for weighing chemicals, measuring specific gravity, and general laboratory use 


Stainless Steel Beam and Pan 
Excellent ‘Sensitivity 
Rapid Weighing 
High Stability 
Wide-Range 
Serviceable Finish 
Accurate « Stable 
Corrosion Resistant Low Cost 


3 Graduated Scale Levels 
Hard, Cobalite Knife Edges 
+ Grooved Agate Bearings 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed of one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment—which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked, 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and 
bearings experienced in other balances has been 


Capacity 111 grams 


(201 grams 
using auxiliary weight) 


SENSITIVE TO 
0.01 gram 


No."4030 


sharply reduced by making the knife-edges of Cobalite, 
a very hard, non-rusting metal which retains its origi- 
nal true edge for an exceptionally long time. The 
grooved agate bearings are designed and protected in 
such a way that they are rarely damaged. Yet they 
are readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in 1-gram 
notched steps, and the front scale to 1 gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina- 
tions, and which may also be used to hold the pan 
from swinging during transportation is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10'/; inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 
ance. Each, $1.50 


4030C. PLASTIC COVER, For No. 4030. 
Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. fi. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880———— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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SURFACE ACTIVE AGENTS AND DETERGENTS, Volume ll 


By ANTHONY M. SCHWARTZ, Harris Research Laboratories, Washington, D. C., JAMES W. 
PERRY, Center for Documentation and Communication Research, Western Reserve University, 
Cleveland Ohio, and JULIAN BERCH, Harris Research Laboratories. 


1958. 856 pages, 7 tables, 26 illus. $17.50 


In detergents, and in other applications of surface active agents, enormous progress has 
been made, both in theory and in practice, in the last few years. This volume forms a set 
with Schwartz-Perry, “Surface Active Agents, Their Chemistry and Technology” (1949) : 
the former volume deals with fundamentals and the older surfactants; this new volume 
presents a briefer survey of the earlier technical achievements, and is largely devoted to 
a monographic treatment of modern science and technology in the field. 


PROGRESS REPORT IN CHEMICAL LITERATURE RETRIEVAL 


Edited by GILBERT L. PEAKES, Bakelite Company, ALLEN KENT and JAMES W. PERRY, 
Center for Documentation and Communication Research, Western Reserve University. 


1957. 229 pages, 76 illus., 22 tables. $4.75 


Volume I of ADVANCES IN DOCUMENTATION AND LIBRARY SCIENCE, general 
editor, JESSE H. SHERA. It contains the proceedings of symposia held by the Division 
of Chemical Education of the American Chemical Society at the Fall, 1955, meeting and 
the Spring, 1956, meeting. The first symposium, “New Tools for the Resurrection of 
Knowledge,” is a collection of papers on nonconventional methods for information 
retrieval and correlation. The second is a review of the field of punched cards, starting 
with elementary principles and going through its applications to widely different prob- 
lems in various organizations. - 


ADVANCES IN ENZYMOLOGY, Volume 19 


Edited by F. F. NORD, Fordham University, New York, N. Y. 
1957. 464 pages, 81 illus., 43 tables. $9.85 


This annual series maintains its outstanding position. Volumes 1-18 are available. 
Please inquire. 


RESEARCH IN PHOTOSYNTHESIS. Papers and Discussions Presented at the Gatlinburg Conference, 


October 25-29, 1955. Sponsored by the Committee on Photobiology of the National Academy 
of Sciences—National Research Council and Supported by the National Science Foundation. 


Edited by HANS GAFFRON, Dept. of Biochemistry and Research Institutes, University of 
Chicago, Ill., and A. H. BROWN, C. S. FRENCH, R. LIVINGSTON, E. I. RABINOWITCH, 
B. L. STREHLER and N. E. TOLBERT. 


1957. 538 pages, 165 illus., 42 tables. $12.00 


At this Conference, more than sixty scientists presented their latest experimental results. 
These papers, and the lively discussion that ensued, bring the reader into the forefront 
of the exploration of this whole challenging field. 


ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. Supplement Volume. 


Edited by RAYMOND E. KIRK and DONALD F. OTHMER, Polytechnic Institute of Brooklyn, 
N.Y. Assistant Editor: ANTHONY STANDEN, 


1957. 992 pages. $25.00 


Keeping up to date? This Supplement Volume presents 51 articles on subjects of out- 
standing interest in chemical technology. Sample entries: Boron hydrides—Computers— 
Fluidization—Irradiation of polymers—Psychopharmacological agents—Solid state—Ur- 
ethane polymers. It contains its own index. 


INTERSCIENCE PUBLISHERS INC. 


250 Fifth Avenue, New York 1, N. Y. 
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PHILOSOPHICAL 
LIBRARY BOOKS 


O THE QUANTITATIVE ANALYSIS OF DRUGS 
by D. C. Garratt. The intention of the present 
volume is to continue to survey comprehensively 
all medicinal drugs and their pharmaceutical 

reparations. The > apd is Chief Analyst, 
Boots Pure Drug Co., $17. 50 


O| PLASTIC PROGRESS 1957 The latest scien- 
¢ discoveries and developments in the all-im- 
rtant field of plastics engineering are presented 

in this symposium of reports by research special- 

ists associated with American universities and 
leading American, British, and German producers 
of commercial plastics. $22.50 


0 INDUSTRIAL AND MANUFACTURING 
CHEMISTRY by Geoffrey Martin. Part 1—Or- 

Ganic—Revised and edited by Edward I. Cooke. 
Part II—InoreGanic—in two volumes—Revised 
and edited by Wilfred Francis. This encyclo- 
pedic work can equally well serve as a work of 
reference as well as practical guidance. A three- 
volume set, buckram bound and profusely illus- 
trated. $50.00 


0 A TEXTBOOK OF DAIRY CHEMISTRY by Ed- 
eS Ling. A straightforward, practical hand- 

k for students of omey, and agriculture and 
ood those engaged in the dairy industry. ost 


Dic gress made in this new 
fold $6.00 


O REASON AND CHANCE IN SCIENTIFIC 
DISCOVERY by R. Taton. Dr. Taton examines 
the relative role of active purpose and chance in 
the processes of scientific discovery. Steering 
clear of theory, he illustrates his thesis by prac- 
tical examples drawn from the lives and works of 
such distinguished scientists as Poincaré, De 
Broglie, Bernard, Galileo, Roentgen Becquerel, 
the Curies, Leibniz, Newton and others. 

Illustrated $10.00 


O CREEP FRACTURE OF METALS AT HIGH 
TEMPERATURES An exhaustive review of the 
progress made in the study of plastic deformation 
and fracture by 26 eminent specialists. $12.00 


0 GLASS REINFORCED PLASTICS 2ND EDITION 
edited by Philip Morgan. The previous edi- 
tion of this book, the first to describe current 
practice in glass reinforced plastics, met with so 
much success —_: it has now been completely 
revised and brought up-to-date to keep in line 
with this rapidly pool a subject. $15.00 


D DICTIONARY OF POISONS by Ibert and 
Eleanor Mellan. A definitive reference book 
covering all poisons of animal, herbal, mineral 
and synthetic origin—their history, effects and 
prevention. The authors are well-known indus- 
trial chemists. $4.75 


0 THE CASTING Nag STEEL by W. C. Newell. 
The purpose of this book is to provide steel 
founders, designers, engineers and metallurgical 
students with a reliable and authoritative guide 

to all technical aspects of the aneienes of steel 
Profusely illustra’ $35.00 


O MANUAL OF NUTRITION First published in 
1945, this manual was originally the work of Dr. 
Magnus Pyke, a member of the Scientific Ad- 
viser’s Division of the British Ministry of F 
Since then, the rapid advance in nutritional 
knowledge has necessitated a complete revision 
of text and tables, to form this fourth edition of 
the work. $3.75 


0 METALLURGICAL PROGRESS-3 by Dr. J. M. 
McLeod, and others. Survey of the present state 
of knowledge on various industrial subjects is 
here continued with reviews by a number of lead- 
ing specialists in four further branches of the iron 
and steel y refractories, nondestructive 
testing, coke and foundry technology. 00 


O AN OF THE IRON & STEEL 
INDUSTRY A. K. Osborne. The pur of 
this is provide a lescrip- 
tion of the materials, plant, tools and rocesses 
used in the Iron and Steel Industry, and in those 
industries closely allied to it, from the preparation 
of the ore, down to the finished product; and to 
define the technical terms employed. Th he book 
is intended as a work of reference, not in any 
sense as a textbook; but the specialist might 
usefully look to it for information on subjects 
bordering his own. $25.00 


MAIL THIS COUPON TODAY 


Mail to your favorite bookseller or directly to ' 
L LIBR | 


Publishers 
15 East 40th St, Dept. A-120 York 16, N.Y, | 
Send books checked. To euelite shipment 1 | 
enclose remittance $ 


Recent Sooke 


The outline of the book follows the well 
developed outline use} in other editions 
and achieves a clear and integrated sum- 
mation of our knowledge of nutrition to 
the moment. The clearness and logical 
development are as evident as in all writ- 
ing by these authors. However, although 
the book is addressed to the elementary 
students, the writing is fairly difficult and 
uses many inflected words common to 
scientific papers. Occasionally the authors 
drop in a chatty phrase, but for the most 
part the familiar and easy style which is 
now used in many elementary science 
books and which elementary students 
find easy to read, is missing. The section 
(Chapter 2) which attempts to describe 
carbohydrates, proteins, and lipids in 
general terms without the use of a chemical 
background appears particularly  diffi- 
cult. This is an admittedly hard assign- 
ment for any writer, but the use of chemi- 
cal names appears to the reviewer to add 
confusion rather than clarity for the stu- 
dent. 

The suggested reading lists at the end 
of each chapter have been expanded to 
include a few new references. These have 
always been helpful for the teacher and 
the outstanding student and their con- 
tinued use is excellent. 

The make-up of the book is very good, 
with fine paper and clear print easily 
readable. The number of illustrations 
has not been expanded. This is regret- 
table since many interesting ones are 
available in this field and they add a great 
deal of interest for the students. 

Although the book is written as a text- 
book for courses in nutrition, it will be 
useful to students in general chemistry as 
supplementary reading and as an authorita- 
tive reference book for special projects. 
High school students as well as college 
students should be able to use it. 

A few insignificant details which the re- 
viewer questions are the definition of the 
term “‘lipoid’’ on p. 21 and the inclusion 
of hemicellulose as a widely distributed 
class of carbohydrates without the in- 
clusion of the better known pectic sub- 
stances. But by and large it is difficult to 
find anything to criticize in this excellent 

k 


LILLIAN HOAGLAND MEYER 
Western Micnican UNIVERSITY 
KauaMazoo, MIcHIGAN 


GENERAL COLLEGE CHEMISTRY 


Jesse H. Wood, Professor of Chemistry, 
and Charles W. Keenan, Associate Pro- 
fessor of Chemistry, The University of 
Tennessee. Harper & Brothers Publishers, 
New York, 1957. viii + 689 pp. 328 
figs. l10ltables. 17.5 X 24cm. $6.50. 


Tue authors have organized the mate- 
rial usually found in a college chemistry 
text into chapters containing about 20 
pages each, which contain in addition to 
the theoretical discussion a liberal number 
of well thought out problems and exercises. 
Three chapters placed at evenly spaced 
intervals discuss phases of chemistry 


(Continued on page A28) 


“This textbook is designed 
to satisfy the requirements 
of a one-semester course, but 
with very few additions it 
would be suitable for a full 
year’s work. It is highly or- 
ganized in outline form with 
a text proper for all stu- 
dents, and a 223-page supple- 
ment for chemistry majors... .. 


“The style of writing is 
simple and clear . . . with an 
abundance of well-chosen fig- 
ures and tables to illustrate 
crucial points.” 


From review by Robert L. Pecsok, 
UCLA, in June, 1957, Journal of 
Chemical Education. 


ELEMENTARY 
QUANTITATIVE 
ANALYSIS: 


Theory and Practice 


W. J. Blaedel 
V. W. Meloche 
University of Wisconsin 


Pages of text......... 


Pages in Supplementary 


No. Illustrations........ 

No. Experiments....... 29 
Illustrative examples.... 209 
Questions and problems. 1543 
Pages of Appendices... 18 


Row, Peterson & Co. 


Evanston, Illinois 
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QUANTITATIVE CHEMICAL ANALYSIS, Eleventh Edition 
By LEICESTER F. HAMILTON and STEPHEN G. SIMPSON, 
both at Massachusetts Institute of Technology. 
This well-known text has long been noted for its balanced combination of technique, 
theory and stoichiometry for beginning courses. Now in its eleventh edition, the text 
has been thoroughly rewritten, revised, reset and expanded. New features — 
® expanded discussions of theory, especially pertaining to precipitation and 
properties of solutions 
© important new material on coulometric methods, the bromate and iodate proc- 
cesses, and numerical methods on optical methods 
® revisions of some of the laboratory procedures 


@ chapter numbers at the top of each page facilitating reference work 
Ready Spring 1958 


FUNDAMENTAL PRINCIPLES OF PHYSICAL CHEMISTRY, Third Edition 
By SAMUEL H. MARON, Case Institute of Technology, and CARL F. PRUTTON, 
Food Machinery and Chemical Corporation. 
Offering a thorough modern background in the essential principles of physical chemistry, 
their effective use, and their correct application, this edition has been reorganized, 
rewritten and brought up to date. New features — 
® new material on microwave spectroscopy, electron diffraction of gases, inter- 
molecular forces, and radiation chemistry 
® more rigorous treatments of mathematic discussions, especially those pertaining 
to thermodynamics and chemical equilibrium 
® revisions of many problems and the total number increased to 634 (the largest 
number of problems in any book on elementary physical chemistry) 
Ready Spring 1958 


PHYSICO-CHEMICAL : EXPERIMENTS, Third Edition 

By ROBERT LIVINGSTON, University of Minnesota. 

Comprehensive yet judicious in its selection of experiments, this text has been tested 
by nineteen years of classroom use and proved to be pedagogically effective. Now in its 
third edition, with corrections and emendations, the book provides new experiments and 
fresh illustrative material. 


New experiments — 
@ a Spectrophotometric Study of Colored Solutions 
@ the Measurement of Radioactivity with a Geiger Counter 
@ the Measurement of the Dielectric Constant of Solutions and the Determination 
of the Dipole Moment of the Solute 


@ the Determination of Transference Numbers by the Moving Boundary Method 
1957, 273 pages, $4.50 


INSTRUMENTAL ANALYSIS 
By PAUL DELAHAY, Louisiana State University. 
From a review in The Industrial Chemist — 

“Although the book is intended for the use of undergraduate and postgraduate students 
it should be invaluable to all concerned with instrumental analysis . . . An extremely 
important feature of the book is the balance achieved between theory and experiment. 
More than 50 experiments are described along with about 20 suggestions for additiona! 
experiments. The experiments are designed for the verification of the essential principles 
of the various methods, rather than their application to the analysis of industrial mate- 
rials. This enables the student to appreciate the essential points of theory by experimental 
work with as simple an instrument as possible before he applies the methods in practice 

. The book is well-written and well-produced. It can be thoroughly recommended to 
student and teacher alike. No modern industrial laboratory engaged in instrumental 
analysis should be without a copy.” 1957, 384 pages, $7.90 


She Macmillan Company 60 Fifth Ave., New York 11, N. Y. 


JANUARY, 1958 


signed 
>, but 
ms it 
a full | | 
ly or- 
with lo 
stu- 
eeee 
ig is 
th an : 
fig- 
strate 
nal of i 
i 
ice 
i 
H 
546 
aa 
ee 
222 
130 
543 
.90 
0. 
ATION 


FUSED QUARTZ 


MEETS YOUR 
CRITICAL 
REQUIREMENTS 


Thermal Shock Resistance = 


Outstanding Electrical Properties 


af Full-Range Radiant Energy 
Transmission 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 


and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations anc 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 


“THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


g Please send technical data on 


Recent Sooke 


(called “perspectives” by the authors) 
not usually found as chapter subjects. 

Perspective 1: “How Discoveries are 
Made’”’ discusses inductive and deductive 
reasoning and the scientific method of 
investigation. The role that chance, 
intuition, and design have played in 
important discoveries is described and 
emphasis is placed on the receptive mind 
when observations are made as the key to 
new advances. 

Perspective 2: “The Development of 
Chemistry as a Science” is a short, well- 
organized summary of the important 
milestones in the history of chemistry and 
is developed chronologically. 

Perspective 3: ‘The Chemical Nature 
of our World” which immediately precedes 
the inorganic descriptive portion deals 
with the theories concerning the origin 
of the world and the universe, distribution 
of the elements, composition of the earth’s 
crust, the atmosphere, the hydrosphere, 
and the biosphere. 

The book concludes with five chapters 
of organic chemistry, 78 pages in which 
the most generally applicable portions of 
the subject are covered in a logical and 
well illustrated form. 

The choice of material covered in this 
book is excellent; however, this reviewer 
finds the order in which the subject 
matter is presented requires that should 
the instructor wish to use a structural 
approach it becomes necessary to re- 
establish the order in which the chapters 
are taken up. The early chapters cover 
very well the problem of the molecular 
and atomic structure of matter, but the 
properties of these particles which are 
derived from atomic structure are not 
discussed until Chapters 16 and 17. 

Following the same thinking as above, 
the organic chemistry is placed at the 
very end of the book, far removed from 
any discussion of bonding. Some refer- 
ences are made to early chapters where 
the subject of bonding is taken up, but 
its location seems to separate the organic 
portion from general theoretical back- 
ground. 

Those instructors who wish to use the 
more conventional approach will find 
this book very helpful. Its clear, concise 
explanations, with plenty of illustrations 
and the absence of typographical errors 
will make it easy for the student to 
understand and the instructor to teach. 


JAMES F, CORWIN 


Antiocn CoLLEGE 
Yetiow Sprinas, Onto 


CHEMISORPTION 


Edited by W. E. Garner, Professor Emeri- 
tus, University of Bristol, England. Butter- 
worths Publications Ltd., London, and 
Academic Press Inc., New York, 1957. 
xii + 277 pp. Many figs. and tables, 
14.5 X 22.5cm. $9. 


“CHEMISORPTION” is a collection of 23 
technical papers which were presented at. a 
symposium held at the University Col- 
lege of North Staffordshire, England, 
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maintenance-free 


Vulcathene 


LABORATORY PLUMBING 
Threaded Vulcathene Coupling 


Polyfused Socket Weld 
{10 second process) 


Repair costs on 
lab plumbing can 
be eliminated by 
installing complete 
VULCATHENE waste 
and drainage 
systems. There 
has been no 
reported instance 
of corrosion or 


leakage in 
VULCATHENE 
systems since 
its introduction 
4 years ago. 
Here is assurance 
of maintenance-free 
long life. 

Low first costs, too! a 

VULCATHENE is inexpensive . . . 

easy to install .. . all initial 

costs are remarkably low. 

Today some of the largest @# 
chemical manufacturers are 
specifying VULCATHENE for 
their labs: such names, for 
example, as the Dow Chemical 
Company and the General 
Electric Company. 

We invite your request for detaile 

information about VULCATHENE 
and methods of installation. 
WRITE FOR BULLETIN NO. 2 
American 
Vulcathene 
625 souTH GOODMAN ST. ROCHESTER 2, NEW YORK 
OF THE NALGE Cx 
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Fischer—QUANTITATIVE 
CHEMICAL ANALYSIS 


Here is a clearly written text containing more 
than enough material for a one semester quanti- 
tative analysis course. The text’s four parts 
include introductory material, gravimetric and 
volumetric methods of analysis and a discussion 
of optical and electrical methods of analysis. 
Throughout the book the unit operation ap- 
proach has been used in describing laboratory 
operations and in outlining the various schemes 
of analysis. The organization of the material 
is flexible enough to permit adaptation to vary- 
ing circumstances, so that either gravimetric or 
volumetric analysis may be taken up immedi- 
ately following the introductory material. Part 
IV is a discussion of valuable optical and elec- 
trical methods of analysis. Non-chemistry 
majors are more likely to subsequently use 
these optical and electrical methods than many 
of the more basic gravimetric and volumetric 
methods. 


By ROBERT B. FISCHER, Associate Professor of Chemistry, Indiana Uni 
401 pages, 7” x 10”, illustrated. $5.50. 


Zuffanti, Vernon and Luder— 
LABORATORY MANUAL OF 
GENERAL CHEMISTRY 


47 fundamental experiments—enough for a full 
year’s course—are clearly described and illus- 
trated in this manual. In the early experi- 
ments the student is acquainted with apparatus 
and laboratory method with the help of excel- 
lent labeled drawings. 3 experiments cover 
quantitative analysis and 7 experiments con- 
sider qualitative analysis. Both macro and 
semi-micro p ures are presented to give 
you a choice. General principles are outlined 
briefly in a discussion which precedes each ex- 
periment. Each procedure is fully explained 
and sufficiently detailed to permit most of the 
answers for the Results Sheet to be learned from 
the experiment itself. All experiments have 
been adapted, tested and simplified —e. 
for first year students. 


B.S., Ch.E., A.M.; ARTHUR A. VERNON, B5., 
and W. F. LUDER, A.B., Ph.D. ‘nopages, 81/2 xl’, illustrated. 


SAUNDERS BOOKS 


Luder, Vernon and Zuffanti— 
GENERAL CHEMISTRY 


This general chemistry text is designed for a 
rigorous freshman course. Your students will 
find the authors’ exceptionally clear explana- 
tions of how theoretical concepts have been de- 
rived from experimental findings especially 
helpful. As a further aid to learning, a special 
summary precedes each chapter. The chap- 
ters on descriptive chemistry are arranged ac- 
cording to the elements in the periodic tables. 
You will find the discussions on theory of 
electrolytic solutions and the electronic theory 
of acids and bases more exact and concrete than 
in other books. The 32-column chart of ele- 
ments is presented, but the 18-column and 
8-column charts are also included for those who 
prefer them. Problems and summary ques- 
tions follow each chapter. Answers to the prob- 
lems are supplied to instructors. 

By W. F. LUDER, A.B., Ph.D., Professor of Chemistry, Northeastern Uni 
ARTHUR A. VERNON, B.S., MS., Ph.D. 


, Chairman, Department of Chemistry 
aod SAVERIO ZUFFANTI, BS., Ch.E., A.M., Professor 
Boston, Massachusetts. ‘$95 pages, 6" x 


Ch 
91/4”, wih 173 $6.00. 


New (2nd) Edition! Woller— 
CHEMISTRY OF 
ORGANIC COMPOUNDS 


For a basic organic course, intended to be in- 
tensive, this text is superb. It contains a truly 
comprehensive treatment of the subject, ideal 
for students majoring in chemistry or allied 
sciences. The New (2nd) Edition includes more 
advanced discussions of organic reactions, in- 
tegrating these mechanisms from the very be- 
ginning of the book, thus enabling processes 
such as cracking and isomerization of alkanes 
to be explained earlier in the course. An en- 
tire chapter is devoted to the absorption of elec- 
tromagnetic radiation. Other new topics in- 
clude: use of dinitrophenyl fluoride for deter- 
mining the structure of insulin; the anhydro 
sugars; behavior of small ring compounds; 
new commercial processes and products. You'll 
value the generous amount of up-to-date ma- 
terial which gives you greater opportunity to 
adapt the text to the specific needs of your 
students. 


+ re NOLLER, Professor of Chemistry, Stanford Uni 
6" with 106 illustrations. $9.00. 


Now Goes) 


Gladly sent te teachers fer consideration as texts 


iw. B. SAUNDERS COMPANY West Washington Square, Philadelphia 5 
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FFFICIENCY 


I, 
MINI~LAB 
SAVES TIME—SPACE—MONEY 
Originally introduced by Ace in 1950 
with § 14/35 joints. 

Additional assemblies and compo- 
nents added in 1954, and ‘con- 
verted to $ 14/20 size. 

Now, in 1957, Ace makes an- 
other advancement with many new 
components, and many items 
equipped with $18/19 joints; truly 
the most versatile line of | 


small-scale glassware 


ACE GLASS INCORPORATED. 


> VINELAND # NEW JERSEY 


| Midwestern Division 
LOUISVILLE, KY.--Box 996. 
Spectalists to Tudustry aud Research 


Recent Sooke 


in July, 1956. These papers are nicely” 


edited and, it is important to note, in- 
clude the discussion and comments which 
followed their presentation. In this re- 
spect they possess the same high value 
that has long been associated with the 
Discussions of the Faraday Society. All 
told, 52 of the leading academic and in- 
dustrial English and continental research- 
ers in the field contributed to this volume. 
As Professor Garner points out, “Chemi- 
sorption” may be regarded as a continu- 
ation of the Faraday Society Symposia on 
“Adsorption of Gases”’ in 1932 and ‘‘Heter- 
ogeneous Catalysis’ in 1950. This book 
is not intended as a general survey of the 
field for those with no previous experience 
in it. It presupposes some knowledge or 
experience and requires a reasonably active 
interest in the phenomena discussed. It 
is intentionally limited in scope in order to 
permit full and adequate discussions and 
includes papers in the five main categories: 
(1) Theory of Chemisorption, (2) Chemi- 
sorption on Insulators, (3) Chemisorption 
on Metals, (4) Chemisorption on Semi- 
conductors, and (5) Chemisorption on 
Carbon. The papers discuss principally 
work done in the last five years, but at the 
same time they carefully tie this work to 
earlier research. 

All researchers dealing with phenomena 
at solid surfaces and all libraries endeavor- 
ing to maintain adequate information in 
this field should own a copy. 


R. NELSON SMITH 
Pomona COLLEGE 
CLAREMONT, CALIFORNIA 


ISOTOPIC TRACERS IN BIOLOGY 


Martin D. Kamen, Professor of Bio- 
chemistry, Brandeis University, Waltham, 
Massachusetts. Third edition. Academic 
Press Inc., New York, 1957. xii + 474 
pp. 71 figs. 41 tables. 16 X 23.5 cm. 
$9.50. 


THE first edition of this work, published 
in 1947, was designed as an introduction 
to tracer methodology as applied to bio- 
logical research with three main objectives: 
(1) to provide an introduction or review 
of those concepts in nuclear physics, an 
understanding of which is basic to the 
intelligent application of tracer methods 
in biology, (2) to present a systematic and 
critical survey of existing tracer methods, 
and (3) to indicate potentialities and limi- 
tations of these methods as applied to 
biological problems. The original text 
and the amplified second edition fulfilled 
these aims admirably. In addition to 
serving as an introduction to the field, the 
previous editions have also been generally 
regarded as an important source book and 
guide by biochemists, microbiologists, 
and others actively engaged in research 
with isotopic tracers. 

The new edition has essentially the 
same framework as the previous versions, 
but has been expanded to include tracer 
methodology with stable isotopes and a 
“practical interlude” to help in bridging 
the gap between “‘booklore”’ and the actual 


practice of tracer techniques. The first 
three chapters, which deal with funda- 
mental principles of nuclear physics and 
chemistry, have been rewritten and mod- 
ernized. As in the earlier editions, indi- 
vidual chapters are devoted to isotopes or 
groups of isotopes of importance in bio- 
logical tracer research. In each case, the 
techniques of preparation and assay of the 
isotope are presented and this is followed 
by consideration of examples from the 
literature illustrating uses of the isotope 
in biological research problems. 

Perhaps one of the most outstanding 
features of the new edition is the extensive 
treatment (100 pages) of biochemical! 
aspects of tracer methodology. Here 
again, the examples selected for detailed 
discussion are drawn from a variety of re- 
searches at the forefront of modern bio- 
chemical research (e.g., COz fixation in 
photosynthesis, biosynthesis of complex 
molecules, mechanism of enzyme action 
etc.). These examples as well as the other 
topics considered are thoroughly docu- 
mented with references to the original 
research papers. 

Professor Kamen, who is now in the 
Department of Biochemistry of Brandeis 
University, is to be complimented for this 
valuable contribution to the literature. 


HOWARD GEST 
WesteRN RESERVE UNIVERSITY 
CLEVELAND, OHIO 


ORGANIC CHEMISTRY 


Louise Kelley, Professor of Organic 
Chemistry, Goucher College, Baltimore, 
Maryland. Second edition. McGraw- 
Hill Book Co., Inc., New York, 1957. 
vii + 757 pp. 37 figs. 5O tables. 
16 X 23.5cm. $7.50. 


IN HER revision of the well-known text- 
book by the author and Professor Hill, the 
author hopes that “a proper balance, be- 
tween the two extremes of—only material 
which students can master in a one year 
course, and the inclusion of too much ma- 
terial so as to make the book unwieldy—, 
has been achieved.’’ It is the belief of 
this reviewer that, in the main, this ob- 
jective has been achieved. 

Following introductory chapters on 
calculations involved in determining mo- 
lecular formulas and review of atomic 
structure with applications to organic 
chemistry, there are 16 chapters on ali- 
phatic compounds. About halfway 
through these chapters, there are two well- 
written chapters on organic theory; one on 
mechanisms of organic reactions, and one 
on the molecular-orbital theory and its 
applications. Also interspersed are 4 
chapter on isomerism, two chapters on 
biochemistry, and a chapter on organo- 
metallic compounds. This is followed by 
a chapter on alicyclic chemistry. 

There are 12 chapters (133 pages) on 
aromatic chemistry, three of which are on 
nitrogen compounds. Following this there 
are chapters devoted to dyes, terpenes, 
heterocyclic chemistry (22 pages), alks- 
loids and steroids, plant pigments and 
vitamins. 

The text is followed by four interesting 
appendixes: a list of symbols used; « 


(Continued on page A32) 


JOURNAL OF CHEMICAL EDUCATION 


evelleble: 
ose a 
gor? 
0 
wy 
\ 
or 
ver 
é Also in stock All-New ACE 
A30 
— 


e first 
‘unda- 
and 
mod- 
indi- 
pes or 
n bio- 
e, the 
of the 
lowed 
n the 
sotope 


nding 
ensive 
mica! 
Here 
tailed 
of re- 
1 bio- 
on in 
mplex 
action 
other 
docu- 
iginal 


n the 
undeis 
this 
re. 


GEST 


_____Kedak reports on: 


taming temperature variations ...a high level of aberration correction at 
popular prices ... nine thiocyanates, will they or won't they? 


Arrhenius’s clock 


Time, as told by this clock, elapses 
at a rate that is temperature-de- 
pendent in the same way as the rate 
of a chemical reaction is tempera- 
ture-dependent. Sensing is done by 
the thermistor probe, which goes 
into the reaction vessel. It’s handy 
in a photographic lab because by 
time compensation it tames a + 4 F 
temperature variation to the equiva- 
lent of = 0.2 F control. Arrhenius, 
who wrote the equation but wasn’t 
as hipped on photography as we 
are, would have been pleased. 


Though we don’t manufacture these 
for sale, we'll be glad to furnish a re- 
print that tells how we made ours. Drop 
a note to Eastman Kodak Company, 


suggested to us from his retirement 
in Honolulu that the public ought 
to be told more about rare element 
glass. He is right. 

Before photography itself was in- 
vented, a way was found to over- 
come the fact that a lens is stronger 
for blue light than for red. Combine 
a positive lens with a weaker nega- 
tive lens and make the latter out of 
a glass which has more dispersion, 
ie. rate of change of index with 
wavelength. The net result will stili 
be positive power, but the negative 
element will lengthen the focus 
more for the wavelengths where the 
positive element is cutting it too 
short. This is called color correc- 
tion and works fine. 

Besides chromatism, nature and 
the laws of mathematics impose 
other impediments on man’s striv- 
ings for perfect optical imagery. 
Each surface in 2 system contributes 
its own load of these aberrations, 
both plus and minus. The art of 
lens design consists of playing them 
off against each other. The more 
surfaces, the better the attainable 


as lanthanum oxide, one could 
make a glass of very high index but 
with a dispersion low enough for 
use in positive elements. The higher 
the index, the shallower the curves 
can be and therefore the lighter the 
load of aberrations to be balanced 
out. Before long, Kodak lenses de- 
manding the best possible per- 
formance were being put out with 
elements of such glass, regardless 
of the cost of lanthanum and of 10- 
pound batch production in pure 
platinum crucibles. 

As the years rolled by, a new 
philosophy on using our rare ele- 
ment glass took shape among our 
lens designers. It goes like this: 
Shallow curves not only introduce 
less aberration, but geometry per- 
mits more of them on a single 
block for grinding and polishing. 
This economy can pay for a pretty 
high glass cost. At the same time, 
the customer gets a level of aberra- 
tion correction superior to what the 


aoe, Special Sensitized Goods Division, Correction. Another truism in the — same number of components could 
Sraw- Rochester 4, N. Y. it that the have bought him before lanthanum. 
1957. curve, the bigger its load of aberra- ES PS 
ables. The boon of lanthanum tions. camera, 
Our former research vice president, Very well. Along about 1934, as you give particular consideration to the 
Dr. C. E. Kenneth Mees, one of a _a result of some rather deep studies Kodak Pony 135, the Kodak Pony IV, 
‘yn few men who shortly before World hemist 
I, the WHO Shortly Wor in glass chemistry, we found that eras and the fixed f/1.9 lens of the 
., a. War I conceived the novel idea that ~ by replacing certain traditional Cine-Kodak Medallion 8 Camera. 
terial science had a place in industry, has glass ingredients with such oddities They’ ve got it. Lanthanum, that is. 
year 
h ma- 
dy—, What grand exercises in organic 
ief of chemistry might be performed with 
is ob- the nine thiocyanates to be found 
among the 3600 or more Eastman 
es Organic Chemicals which may be 
ial purchased from Distillation Prod- 
ganic ucts Industries, Rochester 3, N. Y. 
n ali- (Division of Eastman Kodak Com- 
lfway pany)! And seven more thiocya- 
well- nates wait in the wings for a little 
ne on friendly persuasion. 
d one Alkyl thiocyanates, it says in 
Gilman, are relatively stable, but 
upon heating may isomerize to | 2 
od by May isomerize. So: RSCN—> RNCS. Will they or won't they? Which ones, how, why, and to what extent? 
3) on Aside from whatever interesting physical methods might their food spicy. Isothiocyanates can be reduced with nascent 
re on be available to tell thiocyanate from isothiocyanate, there hydrogen to an amine and trimerizing thioformaldehyde. 
there are chemical methods, too. The thiocyanates can be oxidized They react with sulfuric acid, liberating heat, an amine, and 
enes, to sulfonic acids or reduced to mercaptans. The .othiocya- carbon sulfoxide. They react with thiol acids to give acid 
we nates smell like cooking odors from a house where they like amides and carbon disulfide. 
and 
sting This is another advertisement where Eastman Kodak Company 
d; a probes at random for mutual interests and occasionally a little 


revenue from those whose work has something to do with science 
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Recent Sooke 


simple method of balancing organic re- 
actions of the oxidation-reduction type; 
a list of reference books and journals; 
and tables of logarithms and _inter- 
national atomic weights. The book is 
well-indexed, with 57 pages. Where 
there is more than one reference to a com- 
pound, the most important discussion is 
listed in boldface type. 

The book is well-written; no errors were 
noted. Many of the criticisms of the 
earlier edition have been corrected. The 
book is sectioned and easy to follow. 
Cross references are frequently and wisely 
used. A few more biographies are in- 
cluded, although more might have been 
desirable. Helpful review questions, often 
of a problem nature, and literature refer- 
ences are given at the end of each chapter. 

Industrial processes for the synthesis of 
important substances are often described 
in detail for the purpose of providing some 
understanding of the difference in mate- 
rials used and in reaction conditions be- 
tween a synthesis carried out in the labora- 
tory, and the commercial synthesis of the 
same substance. Yields are often men- 
tioned in order to emphasize the fact that 
conversion of one organic substance into 
another is usually far from complete. 

The reviewer is not in agreement with 
the order of presentation of topics. For 
example, the importance of alkyl halides 
as synthetic intermediates would suggest 
earlier presentation. The author has de- 
layed this chapter in order that alkyl hal- 


ides might follow the chapter on mecha- 
nisms—this is good. The theoretical 
chapters were postponed so as to give the 
student some familiarity with organic 
reactions—this is good. However the en- 
tire section (mechanisms, orbital, alkyl 
halides) could have been moved forward 
before the chapter on alcohols and ethers 
to better advantage. Likewise the chap- 
ter on aldehydes and ketones, following 
alkyl halides, and eight chapters after 
alcohols, and six chapters after acids, seems 
out of place. 

The newer theoretical electronic con- 
cepts are introduced early and used fre- 
quently throughout the text. Likewise, 
the mechanisms of most organic reactions 
are explained well, and the style and man- 
ner are easy to follow. Although the 
book contains more than can be covered in 
a year, the teacher can easily and con- 
veniently suggest the more important ma- 
terial. 

SAMUEL P. MASSIE 
Fisk UNIVERSITY 
NASHVILLE, TENNESSEE 


GMELINS HANDBUCH DER ANOR- 
GANISCHEN CHEMIE. SYSTEM 68: 
PLATINUM 


Edited by the Gmelin Institute under the 
direction of FE. H. E. Pietsch. Eighth edi- 
tion. Verlag Chemie, GmbH, Weinheim 
Bergstrasse, Germany, 1957. liv + 638 
pp. 25 figs. 17.5 X 25.5cm. $90. 


Tuis new volume of Gmelins Handbook 
of Inorganic Chemistry is devoted to the 


platinum complex compounds and com- 
pletes the platinum series of which parts 
A-C were published from 1938 to 1951. 
This volume is especially complete in that 
the Gmelin Institute reviewed the entire 
Russian platinum literature. Their find- 
ings as well as those of other researchers 
to the end of the year 1953 are included. 

The introductory chapter, 38 pages, 
deals with the arrangement of the material, 
nomenclature, formula, a summary of the 
more important ligands and their abbrevia- 
tions and a summary of Russian literature. 
It also gives a brief review of the historic 
development and a general description 
of the properties of platinum complex 
compounds. The nature and the impor- 
tance of the trans effect are discussed 
with special emphasis on its importance 
in advancing the knowledge of platinum 
complex compounds. 

There are 2880 platinum compounds de- 
scribed in the main part, 589 pages, of this 
volume. This tremendous amount of 
material is rapidly available due to the 
systematic arrangement and the inclusion 
of a formula index arranged by type and 
number of neutral ligands. 

This volume illustrates the care and 
thoroughness of the entire Gmelin series. 
Active workers in the field of platinum 
chemistry will appreciate the convenience 
and utility of this work. 


ROY I. GRADY 
COLLEGE OF WoosteR 
Wooster, Oxn10 


Why COORS 
is the best buy yi 


@ Finest Quality 

© Immediate Availability 
© Complete Line of Items 
© Wide Variety of Sizes 
© Packaged Conveniently 
© New Items 

@ Proven Reliability 


Coors PORCELAIN COMPANY, 
GOLDEN, COLORADO 
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Eck & Krebs, pioneers in high vacuum stopcocks, set 
high standards for their products. This high quality 
is continuously maintained by skilled craftsmen and 
technicians with years of experience. 

* Sietiosions 1 hand lapping gives our stopcocks a high mirror finish and 

precision fi 
e Heavy wall ass arms for added strength. 
e Designed with large working surfaces to stand up under continuous use. 


e Precision-grade stopcocks are basic components in our McLeod Gauges, 
vacuum pumps and special apparatus. 


We are in a position to creatively interpret and manu- 
facture any apparatus to your specifications whether 
from a blueprint, technical article or textbook . . . 
promptly and economically. 


DP 


LABELED 


@ Large stock list available now. 
© Guaranteed radiopurity — chromato- 
graphic or other data furnished. 


®@ Custom syntheses and special orders 
welcomed for unlisted compounds. 
® Many compounds in license-exempt 
packages. 


WRITE FOR 
PRICE LIST 
1057-J 


® All radiochemicals manufactured 
in our own laboratories. 


|e RESEARCH SPECIALTIES CO. 


2005 HOPKINS ST. 
Teletype: OA 259 


BERKELEY 7, CALIF. 
Telephone: LA5- 3833 


Instrument size: 3.x 5¥e x 244 inches. 
Case size: 3% x 6% x 4% inches 
Weight with accessories: 3 tbs. 
Completely self-contained in waterproof ever-ready case with 
shoulder strap. 


Eliminates supports and beakers by combining the calomel 


polyethylene probe unit. 


Permits continuous, direct reading of with no buttons to 
hold down or dials to turn. ay 


and glass electrodes with the sample holder, in a single 


Provides simple, modern way of measuring pH eccuretely in 


field or laboratory. 


Makes it easy for untrained, unskilled persons to learn to 4 


make pH readings. 


Eliminates errors due to sampling techniques, turbidity, BE j 


presence of oxidizing or reducing agents. 


Fnaliitical 


Analytical Measurements, Inc. 
¥ 585 Main Street, Chatham, N. J. 


Please send full information about your pocket pH meter to: 


State 
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| 
Inc. 
| cientific Glass Apparatus and Instrument 
27-09 40th Avenue e Long Island City 1, N.Y. 
with the Analytical pocket pH meter and revolutionary pH probe unit 
TION = 


No longer is it necessary to make stopcocks do the 
work of needle valves. This new unitized valve 
replaces stopcocks in any laboratory apparatus. 
TEFLON tetrafluoroethylene resin rings enable 
the valve to be instantly interchanged with exist- 
ing glass parts. 


Developed by the Manostat Corporation, the 
TEFLON and GLASS NEEDLE VALVE is the 
answer to thousands of requests for a separate 
valve from chemists who have used our needle 
valve burets so successfully. This new instrument 
provides fine needle valve control of liquid flow, 
eliminating annoying stopcock contamination. It 
is one of the most significant developments in 
laboratory flow control history. 


I Designed of glass and plastic, it eliminates com- 
pletely the possibility of breakage: liquid comes in 
contact with only glass and Teflon. Other parts, 
not in contact with liquid, are made of plastic 
which is resistant to acid, alkalis, salts and nearly 
all organic liquids. 

10427 — Teflon and Glass Needle Valve, 
ach.. 11.00 


bore, without glass connections, F 
Per Pkg. of 4. . .39.60, Per Case of 24 
10427A — Glass connection tube, Pyrex Brand Glass. . 50 


10428 — Teflon and Glass Needle Valve, small size, 


BE cuT 


bore, without glass connections, Each.. 6.95 
Per Pkg. of 4. . .25.02, Per Case of 24 


10428A — Glass connection tube, Pyrex Brand Glass. . 
3118 — Macro buret tip. . ..70, Per Pkg. of 12 
* 3307¢ — Micro buret tip. ...70, Per Pkg. of 12 


A complete line of Laboratory Glassware 
equipped with Manostat Needle Valves is now 
listed in Corning Glass Works catalogue #LG1 


20-26 N. MOORE STREET - NEW YORK 13. NEW YORK 


DETACH PAGE BY CUTTING ALONG THIS LINE—INDIVIDUAL DEMONSTRATIONS MAY 


*Trade-mark for Du Pont 


lene Resin 
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KINETIC MOLECULAR THEORY AND THE 
MOVEMENT OF MOLECULES AND IONS 


Submitted by: Clarence W. Rice, Detroit Public 
Schools, Detroit, Michigan 

Checked by: F. B. Dutton, Michigan State University, 
East Lansing 


PREPARATION 

Provide 2 similar beakers nearly full of water, one at room temperature and the 
second nearly at the boiling point. A source of ink. 
DEMONSTRATION 


Carefully place a drop of ink (ordinary fountain pen ink) on the center of each 
surface of the water. Observe how long it takes the ink to diffuse completely 
throughout the beaker. 


AND 


EDITOR’S NOTE 


A similar experiment has been described in ‘Science Masters’ Book,” John Mur- 
ray, London, Part II, Series III, p. 79. Beakers as above are arranged with a glass 
tube clamped vertically and extending down the center of each beaker to within 
1/, in. of the bottom. Potassium permanganate crystals are dropped down the 
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tube at the start of the demonstration. 
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DEMONSTRATION NOTES 


From time to time items such as the following which do not require a fuli half-page, will be listed together. 
Some of them will be modifications of previously published demonstrations, in which case it is suggested 


that they be clipped and attached to the pertinent experiment. 


INFLAMMABILITY AND DENSITY OF VAPORS 


The demonstration under this title published in the 
September 1957 issue of THIS JoURNAL (p. A375) in- 
cluded an unfortunate misprint. The length of the 
trough should have read 10-15 feet, not inches as printed. 
Please make the correction on your copy of this demon- 
stration. It has also been suggested by Expert C. 
Weaver that the ether be applied to the cheese cloth 
from a container holding only the required quantity of 
ether and not from a larger supply. 


SOLUTIONS—VOLUME RELATIONSHIPS 


It is frequently desirable to impress students with the 
fact that volumes are not additive when making solu- 
tions. This can be shown readily by combining ex- 
actly 500 ml. of ethanol with 500 ml. of water in a 1- 
liter volumetric flask. The volume obtained is ¢on- 
siderably less than 1 liter. Likewise combining 500 
ml. of carbon disulfide and 500 ml. of ethyl acetate 
yields more than 1 liter of solution. 


PREPARATION OF A DENSE LIQUID 


Arcot VISWANATHAN AND SANKARANARAYANA 
GrrREESAN of Loyola College, Madras, India, sub- 
mitted the following item. See also The Science 
Teacher, 24, 340(1957): 

Fifteen milliliters of pure water are measured out into 
a dish from a buret. Sixty-five grams of potassium 
iodide and 75 g. of mercuric iodide are stirred with it 
continuously until the red solid dissolves completely. 
On filtering, a saturated solution (30 ml.) of K,HglI, 
(density 3.19 at 23°C.) clear and light amber in color 
is obtained. It is distributed between 3 tubes (6- X 
1-in.) which contain pieces of marble, blue glass, and a 
quartz crystal, respectively (densities 2.6, 2.6, 2.65). 
These float in the liquid. The tubes shouid be sealed 
or tightly corked to prevent evaporation of the liquid 
and should be protected from light when not in use. 
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SCIENTIFIC INSTRUMENTS and. APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
casy—trinse material directly funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Length (mm) Price, dozen 
40 


65 
100 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 doxen of same or assorted sizes. 


Wes Bottle 
Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 11§721 15722 15724 
Capacity » 60 125 250 500 
Price 1.15 1.20 1.30 1.60 1.85 


Discount of 107% on orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 
FOR NEW 
CONVENIENCE 
IN FILTRATIONS 
Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate . . . Any ty hag 
or receiving vesse 
used . Redesigned Siac 
Valve ‘permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 
Minimum Inside Dimensions: Diam. a” MM; Ht 
at side 120 MM; Ht at center 150 MM. 
Catalog No. 35070 
Write for NYLABS’ complete Cat. No. 7 on company 
letterhead. 


Improved 


for Steam Distillations 


wr. 


A new type of steam distilling apparatus whose 
construction insures a short distillation time, low dis- 
tilling blanks, a good recovery and automatic, 
efficient washing. 

Reduced surfaces and connections of this distilling 
flask and condensers decrease the possibilities of 
contamination and loss. The simplicity of design 
makes this improved distilling apparatus easy to use. 

The individual steam system provides a convenient 
and safe operation. 

Distilling unit complete .... . $45.50 
* See Gwirtsman, J., Mavrodineanu, R. and Coe, R. R. 
Determination of Fluorides in Plant Tissue, Air, and Water 
Anal. Chem. 29, 887 (June 1957) 


Manufactured and sold by 


YONKERS 


laboratory supply co. 
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New Rinco Fraction Collector 


© No Mereury Touches Sample 
© No Current Contacts Sample 
© Collects 237 Fractions 
° Has Wide Application 


For the automatic collection of fractions by timed-flow 
or volumetric method. The Volumetric Collection assem- 
bly operates as follows: (1) fraction is received in 
siphon and collected in reservoir; (2) pressure of frac- 
tion elevates KHCO; solution in manometer to electrodes, 
indexing the turntable; (3) when sample is collected to 
siphoning level, reservoir empties into tube. Rate of flow 
of liquid cannot affect fraction volume. For Timed-Flow 
Collection, timer-controller is pre-set for desired inter- 
val; table indexes periodically. 


45291-A...Fraction Collector Complete, for Volume 
Collection; includes indexer with capacitor motor, table, 
volume controller, manometer, diverter, one volumetric 
siphon (1, 3, 5, 10, 15, or 20 ml), 3 base plate rod sup- 
ports, but without support rods or clamps. For 110V. A. C. 
Each $457.50. 


45291-B...Same, but for time and volume collection. 
Assembly has timer built into controller. Each....$533.50. 


For jurther information request Bulletin 21-102. 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury © St. Louis 12, Mo. 


LOS ANGELES @ SAN FRANCISCO @ SEATTLE @ MINNEAPOLIS © PHOENIX 
KANSAS CITY @ DALLAS @ DENVER @ ATLANTA @ NEW ORLEANS 


WASHINGTON, D.C. @ MIAMI @ PITTSBURGH 
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-SEMI-MICRO 
APPARATUS 


Wilkens-Anderson has earned its place as specialist 
in Apparatus for Semi-Micro chemistry . . . through 
the years authors have looked to us for the pieces 
which made their Semi-Micro text books and 
manuals so successful and easy to use! Seven text 
books now show WACO S-M apparatus! 


WEISBRUCH-WACO 
Reagent Bottle Tray 


According to 
SEMI-MICRO LABORATORY EXERCISES 
In High School Chemistry, by Fred T. Weisbruch. 


Holds complete set of student reagents in WACO 
Reagent Bottles, in rows. Made of hard maple and 
birch, a permanent piece used many years. Size 
12 x 10'/. x 1'/, inches. Without bottles, $3.25 
each...in dozen lots $2.95 each. Specify Cal. 
No. JC 10490. 


HAND FINISHED SPATULAS 


Perfectly shaped spatulas for Semi-Micro 
ualitative and Organic Chemistry. 
/ACO Monel Spatulas are nicely balanced, 

permanent pieces. Glassware breakage is 

reduced, as scratching is eliminated. 


No. JC-10115. WACO Monel Spatulas 
175 mm. long. Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 per 100. 


At the price, WACO Spatulas 

class as “Non-Returnables!”’ 
WRITE TODAY FOR 2 
FREE BROCHURES .. . 
@ Complete Catalog WACO 


Semi-Micro Apparatus, 
Vol. JC-1. 


@ S-M Apparatus accordin 


to SEMI-MICRO LABORATOR 
EXERCISES In High School Chem- 
istry, Fred T. Weisbruch. 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST... CHICAGO 51. ILLINOIS 
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Now IN POWDER FUNNELS 


The only polyethylene POWDER FUNNELS with parallel stems 
minimizing bridging of powder. 60° angle. 


Top Diam. (mm) 
Stem « 
«Length 
PRICE Single 
Doz. Lots 
Case Lots 


FUNNEL  F-65 specifically for 
filtration. Unbreakable polyethylene fun- 
nel; perfect for general chemistry. 60° 
angle. 


Top Diam. (mm) 
Stem « 
«Length “ 
PRICE Single 
Doz. Lots 
Case of 72 


supply houses or di 


PIONEER PLASTICS 


Box 38 Far Hills Branch Dayton 19, Ohio 


Aconitic esphate 
Adonidine; ‘xi dine; Amy lees 
‘Acid Arachid: 1-Argininamide; 
Acid; “Awople Acid; Acid; Carbo- 
eryst.; Cerotic Acid; 

ilidophos- 


sters, Circule- 

Col Columblon, Chloride, 

Desoxycorticosterone 


Deri Equilin 
i-Ethionine; Ethylenediamine 

dehyde Ph 

ne; rosie, Heparin; Hex 

iodoacetamide 


B-Naphthaleneacetic Acid; N-' 
Naphthy! Red; Neurine Bromide; 

waiaretic Acid; Osmic Acid; Para- 

benic Acid; Pencilinae, eroxidase Phenolohthalein Glucuronide; 

Phenylpyruvic hopyruvic Acid; egg Pregnenolone; 


gosine Ter- 
phenyl; 


Ask us for others! 


DELTA CHEMICAL WORKS inc. 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


| 


¢ 
TIMERS 


For All Laboratory ase). 
Research and 


JULES RACINE & COMPANY. 


Specialists in Fine Timors — Since 1890 


20 WEST 47th STREET, NEW YORK | 


=" .... @ most useful reference."= 


25-Year CUMULATIVE INDEX 
Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 6 

Science Education, April 1954 


$4.°° ($4.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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‘ 4 ‘ 
~ 65 100 
Since 1890...the World’s Largest 
Selections of Scientific Timers 
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SPEEDY 
DURABLE 
PRACTICAL 


GLASS TUBING CUTTER 


This is the proved steel wheel type cutter that cuts glass, porcelain or silica 
tubing and rod rapidly and economically. Sliding carriage with adjustable 
gauge facilitates cutting. Instrument is equipped with a 5 inch steel wheel and 
an accessory 4g inch thick crystalon wheel. Speed is 3400 r.p.m. Unit 
measures 9” x 1014” x 16”. Top is cadium plated and sides gray hammertone. 
No. 41-630 model . . . 115 volt, 60 cycle is priced at $115.00. 


SCIENTIFIC 
INSTRUMENTS 
Q p £-0PPORATUS 
CORPORATION 


ANN ARBOR. MICH.., 1049 


THE FARRAND. 


Photoelectric 


FOR FLUOROMETRIC 
METHODS of ANALYSIS 


Designed for stability and linear re- 


sponse over a wide range of sensitivi- 
ties, the Farrand Fluorometer provides 
precise, reliable measurements, especi- 


FARRAND extremely low concentrations 
OPTICAL CO. INC. in micro or macro volumes. 


Bronx Bivd. and E. 238th St., New York 70, N. Y. 


TRADE MARK 


Descriptive Bulletin No. 803R, includ- 
ing list of users, sent upon request. 
Bulletin No. 820, describing the FARRAND 
Spectrofluorometer also available. 
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APPARATUS CHEM ED BUYER'S GUIDE SERVICES 


ACCURATE MICROSCOPIC OBSERVATIONS 
UNDER HEAT with SRE!CHERI7 Original RADIOACTIVE ISOTOPES 


FOR EDUCATION 
Kofler Micro Heating Stages 


ithout A.E.' lic 
@ DETERMINE Melting Points... Eutectic Temperatures ... Molecular 
Weights RADIATION EQUIPMENT & KITS 
@ OBSERVE the physical and chemical phenomena of substances seats idan 


@ IDENTIFY and EXAMINE organic compounds and Polymor- Radiation Safety Suggestions 


phic substances 
ATOMIC RESEARCH LABORATORY 
WILLIAM J. HACKER & CO., Inc. 10717 Venice Boulevard Los Angeles 34, Calif. 


82 Beaver Street, New York 5, N. Y- “Quality Products for Atomic Education” 


Send for our 1957 - 1958 


Catalog listing the finest B RY D EN ROD CLA MP § Details of the following products 


Best for all sion Oil; Certified Index of Refrac- 
H&S CHEMICAL — Laboratory tion Liguids; Field Finder for Micros- 
CORPORATION copy; Reference Sets of Minerals, 
Furs, Fibers, Starches. Also Heavy 
Bryden Clamps: Liquids tor sink or float tests on 
we | solids; Gem Testing Sets. Also 
it rapid set-up, rf ‘3 Boiling Stones—anti-bumping agent 
168 EATON STREET R. P. CARGILLE LABORATORIES, INC. 


| POTASSIUM COBALTICYANIDE | atension Rod ED BUYER’S GUIDE—— 


SODIUM COBALTICYANIDE 


BARIUM COBALTICYANIDE 
J Some of the many special chemicals we | Write for FREE literature today 


manufacture 


CITY CHEMICAL COR 
132 W. 29nd St. New York 11, N.Y 398 Newton St. Waltham 54, Massachusetts 


ALL FINE CHEMICALS & METALS Py ' 

LABORATORY REAGENTS CHEMICALS 
AVAILABLE HERE! A. D. MACKAY, INC. 

CUPFERRON (ACS Reagent Grade) 198 Broadway, New York 38, N. Y. 


Sr: molybdenum, vana- 
ium 

TRARD'S and GIRARD’S 
“TT” Reagent (Reagent Grade) For 
— and separation of ketonic 


ials. 

POTASSIUM METAPERIODATE (ACS 
Reagent Grade) For deter- 
mination: For steel ana 

DINIUM BROMIDE P PERBROM- 
‘DE CsHsN - HBr- Bre, solid, easily- 
handled source of Bro 

SODIUM METAPERIODATE (ACS Re- 
agent, also AOCS Ea-6-51) Readily 
pes es periodate for glycerol analysis 

d manganese determination. 

THIOACE AMIDE (Reagent Grade) A 
safer substitute for H2S in sulfide and 
metal ions precipitations. 

‘‘VitaStain’’ (Reagent Grade, Triphenyl- 
tetrazolium Chloride) Used to deter- 
mine viability of living plant tissues; 
study of enzyme systems and neoplasms. 

‘*ZEREWITINOFF”’ Reagent (1.0 N soln. 
MeMgI in purified n-butyl ether) For 
determination of active hydrogen. 


to our Dept. “E"’—your letter- 
head please. Samples of these reagents 
not supplied! 


ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET ¢ BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


RARE and FINE ORGANICS 


BORON COMPOUNDS 
Boron triiedide, $ 26.00/10 
crystalline, m.p. 48° 


BORON ALKYLS 


Incorporated 
29-46 Northern Bivd. LIC. 1, N. Y. 


For Uranium assay; for precipitation Porphyrin 


Potassium Borofluoride 

@ Potassium Cobalticyanide 
© Potassium Cobaltinitrite 
@ Potassium Columbate 

© Potassium Gentisate 

Potassium Iodoplatinate 
® Potassium Platinocyanide 
®@ Potassium Selenocyanate 
@ Praseodymium Metal 

Praseodymium Oxide 

@ Pregnandiol Glucuronide 
@ Propamidine 

@ Propargy! Alcohol 

®@ Propiolic Acid 

@ n-Propylglycine 

Propy! Nitrate 

@ Prothrombin 

@ Protoporphyrin 

Ptyalin 

@ Pyocyanin Dihydrochloride 
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| ivertising Kates 
ae 12 insertions................$ 9.00 per inch 
6 insertions................ 10.00 per inch 
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Photometers 


Klett-Summerson 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


LETT SCIENTIFIC PRODUCT. 


ELECTROPHORESIS APPARATUS « BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


4 
ITS 
Calif. Agency: Hollander & Weghorn Glass Cell 
rals, 
avy 
on The Klett Pluorimeter 
Also 
ich 
er inch 
0 — 
‘ 
ALS No. 2070 
e | A38 
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| Agency: Ralph Gross Adv., Inc. i 
| Agency: Lewin, Williams & Saylor 
™ W. M. Welch Scientific Co., Div. of W. M. Welch Mfg. Co.:.....A15 & A24 
Agency: H. A. Hooker Adv. 
Agency: Norman Waters & Associates 
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NEW 


Books for Busy Chemists 


THE ANALYTICAL USES OF 


ETHYLENEDIAMINE 
TETRAACETIC ACID 


By Frank J. Welcher, Professor of Chemistry, 
Indiana University 


A major chelating agent used in metallurgical as well 
as chemical processes, organic chemists and biochem- 
ists have found EDTA to be widely applicable in 
inhibiting unwanted catalytic effects. Here are the 
details of the significant work, in analysis and con- 
trol, that have appeared up to this time, including 
types of procedures and variations, reports on inter- 
ference, optimum conditions and claims of accuracy. 
Invaluable in modern research chemistry, this book 
will save hours of tedious search and also assure that 
no important material regarding a specific problem 
escapes notice. 


375 pages, $8.50 


A DICTIONARY OF 
SCIENTIFIC TERMS 


By Hend: and Hend. 
Revised by J. H. Kenneth 

Pronunciation, derivation and definition of more than 
14,000 terms related to biology, botany, zoology, 
anatomy, cytology, genetics, embryology and physiol- 
ogy, as well as selected terms in bacteriology and 
palaentology. Hundreds of new terms are included, 
as well as many new meanings which have been at- 
tached to existing terms. Specific, generic, ordinal 
and other systematic names of plants and animals 
have necessarily been omitted. Not merely a revis- 
ion; but completely rewritten, this sixth edition is an 
invaluable reference for daily use. 


548 pages, $12.50 


VAN NOSTRAND'S 
PRACTICAL FORMULARY 


By William R. Minrath 

Over 800 useful, modern formulas covering all types 
of products for the home, the laboratory, or small 
business. All the proper ingredients, necessary 
equipment, sources of supply and complete process- 
ing directions are detailed in this up-to-date volume. 
All types of products—stains, paints, varnishes, 
cleaners, garden sprays, plant foods, cosmetics, per- 
fumes and food products are carefully selected and 
arranged for easy reference. Practical applications of 
standard formulas resulting in useful products lend 
reality and a sense of accomplishment to the young 
chemistry student. 


400 pages, $5.95 


NUCLEAR RADIATION IN 
FOOD AND AGRICULTURE 


By Ralph W. Singleton, 
Miller Professor of Biology and Director of the 
Blandy Experimental Farm, University of Virginia 

This final volume in The Geneva Series on the Peaceful 
Uses of Atomic Energy brings together material on the 
methods, techniques and effects of applying nuclear 
radiation in the fields of food and agriculture. Ma- 
terial is included on the uses of radioisotopes in agri- 
cultural and_ silvicultural research, biosynthesis, 
stimulation of plant growth, radioactive tracing, and 
effects of radiation on plant breeding. Soil treat- 
ment, radiation effects, food preservation and the 
control of parasites are also covered. 

379 pages, $8.50 


And Important New Elsevier Books 


A MANUAL OF FLAME PHOTOMETRY, by F. Burriel-Marti and J. Ramirez-Munoz 


464 pages, $12.75 


THEORETICAL PRINCIPLES OF ORGANIC CHEMISTRY, Volume Hb by W. Huckel 


ORGANIC COLLOIDS, by B. Jirgerisons 


40 pages, $19.00 
640 pages, $16.75 


CHEMISTRY ie CARBON COMPOUNDS, Volume IV, Heterocyclic | Compounds, 


edited by E. H 


‘50 pages, $28 


PURITY CONTROL f BY THERMAL ANALYSIS, edited by W. M. Smit Powe in ri 


D. Van Nostrand Company, Inc. 


120 Alexander Street 


Princeton, N. J. 
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© far allies, 
traces of metals, etc., in organic materials 


-Schoniger 


MICRO COMBUSTION APPARATUS 


... for catalytic combustion of organic materials in oxygen 


Originated by Dr. Wolfgang Schéniger, Sandoz, 
A. G., Basel, Switzerland, for the rapid determi- 
nation of sulfur, halogens and traces of metals in 
organic substances by simple combustion in oxy- 
gen. No elaborate equipment is required, negli- 
gible pressure is produced and the combustion 
products are free from metallic contaminants. 

The procedure simply converts organic materials 
into soluble combustion products, which are then 
analyzed for chlorine, bromine, iodine, fluorine and 
sulfur by usual inorganic gravimetric or vol- 
umetric methods. 

Consisting of a heavy wall, conical flask of 
borosilicate glass, with deep, bell-shape flaring lip 
and elongated interchangeable ground glass stopper 
with attached U-shape platinum wire gauze sample 
carrier, and small, specially cut, unsized low ash 
paper sheets which serve as holders for the sample. 

In use, the sample is wrapped and folded in the 
paper with the narrow tail extending for ignition. 
Sample is then placed in the platinum carrier and 
the flask is charged with a small amount of absorb- 
ing liquid as required for the specific reaction and 


IGNITION 
POINT 


SAMPLE IN 
PAPER 


PLATINUM 
SAMPLE CARRIER 
ABSORPTION 
LIQUID 


STOPPER WITH 


WRAPPED IN GROUND JOINT 


PAPER HOLDER 


A.H.T.CO. 
LABORATORY APPARATUS ] 
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More and more laboratories rely on Thomas 


with free-flowing oxygen. The paper tail is then 
ignited; the stopper with flaming sample is seated 
in the flask and flask then inverted at an angle. 
The catalytic combustion proceeds at high temper- 
atures and the combustion products are absorbed 
in the liquid, which forms a seal around the stopper. 
After cooling, the inside surfaces of the flask and 
stopper are thoroughly rinsed. Titrations can then 
be made directly in the flask. Due to the inherent 
fragility of glass in the presence of reduced pres- 
sure, general safety regulations should be followed, 
such as the use of shield, goggles, etc. 

Results compare favorably, i.e., within + 0.3%, 
with conventional combustion or decomposition 
methods. The method has been used extensively 
for analysis of the above elements but, because 
of the low cost, time and space saving features, 
should find wide use for materials which undergo 
complete combustion. The method is useful in 
research, in educational laboratories and in indus- 
trial control. 

See Wolfgang Schéniger, ‘“‘Eine mikroanalytische 
Schnellbestimmung von Halogen in organischen 
Substanzen,”” Mikrochimica Acta, 1955, Heft 1, 
pp. 123-129; and “Die mikroanalytische Schnell- 
bestimmung von Halogenen und Schwefel in 
organischen Verbindungen,” ibid. 1956, Heft 1-6, 
pp. 869-876. 


6470-E. Combustion Apparatus, Thomas-Schéniger (Schéniger 
Flask) Micro, as above described, 300 ml capacity, for samples 
up to 10 mg. With No. 34/28 standard taper stopper and 
platinum wire gauze ple carrier weighing approximately 1.5 
grams, 100 Paper Sample Holders and directions for use 28.35 
6470-G. Ditto, Semimicro. Similar to 6470-E but with 500 ml 
flask, for samples up to 100 mg 

6471-F. Paper Sample Holder, only, an unsized, specially selected paper, 
die-cut to facilitate wrapping, folding and igniting somples in above apparatus. 
Per box of 100 75 
Thorin Indicator, for use with above in determination of sulfates. 


ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 
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REINHOLD PUBLISHING CORPORATION 
with forty years of service in scientific publishing 


ANNOUNCES the Establishment of a 


COLLEGE TEXTBOOK DEPARTMENT 


: peers OF THE RAPIDLY growing need for better teaching 

textbooks in science and engineering, the REINHOLD Book 
Division has established a department exclusively devoted to pub- 
lishing college textbooks. James B. Ross has been appointed man- 
ager of the new department. 


This development is a natural outgrowth of Reinhold’s long 

ail s and successful record of publishing exceptionally high-quality 

a scientific and technical reference works in chemistry, chemical 

a engineering, metallurgy and physics for which it is already widely 
known and highly regarded. While many of these books have 


Manager, College Depart- 
ment—graduated from found substantial use for advanced and graduate study in col- 
raduc 

sity-M.S. at University leges, this new step takes Reinhold squarely into the publication 
itt —7 

College 

ments . B, Saunders 

Company Such outstanding publications as the AMERICAN CHEMICAL 


Society Monograph Series, the Condensed Chemical Dictionary, 
the Encyclopedia of Chemistry, and scores of fine works in chemical engineering, agri- 
cultural chemistry, analytical chemistry, organic chemistry, plastics, physical chemistry, 
and physics have earned wide commendation; indeed Reinhold is today one of the leading 
publishers of reference books on chemistry and chemical engineering. Out of this experi- 
ence has developed a policy completely dedicated to the dissemination of scientific and 
technical knowledge. This dedication to sound scientific publishing is to be carried on in 
the developing college textbook program. We realize that our future growth, as certainly 
as our present position, is dependent on the service we render the ever-changing scientific 


and educational field. 


The CoLLecE DEPARTMENT of REINHOLD Book Division will publish undergraduate and 
graduate textbooks to serve the teaching needs in the physical and biological sciences, 
engineering and related disciplines. It is pledged to maintain the highest standards of 
quality, and to give that kind of attention to the many details of editing and producing 
fine textbooks that is possible only with a specializing publisher. This will be reflected 
also in careful attention to suggestions from teachers and in the closest kind of publisher- 
author relationships. 


REINHOLD PUBLISHING CORPORATION 
430 Park Avenue - New York 22, N.Y. 


Publishers of scientific, technical, and architectural books » ACS Monographs - Chemical Materials 
Catalog + Chemical Engineering Catalog + Materials in Design Engineering + Automatie Control 
Progressive Architecture + Advertising Management for the American Chemical Society Publications 
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for chromatography .. . 


NEW RINCO 


Automatically Collects by Either 
or “Volumetric” Method 


This precision apparatus is a valuable aid to accurate fraction 
measurement and collection in chromatographic analysis. Oper- 
ated by a heavy-duty capacitor motor, the RINCO Fraction 
Collector provides completely automatic operation for any 
desired period. NO MERCURY, CHEMICALS OR ELECTRIC 
CURRENT COME IN CONTACT WITH YOUR SAMPLE. When 
utmost accuracy is required, fractions are measured with 


manometer assembly, as in diagram. 


3 Receiver Tables Available — 
Interchangeable with One Indexer 


24” Diameter—holds 237 tubes (18 mm. x 150 mm.) 
18” Diometer—holds 60 tubes {25 and 29 mm.) 
14” Diameter —holds 120 tubes { 1 to 5 ml, 10 mi, 20 mi, and 50 mi) 
— ite with a variety of attachments and supplementary equipment, 
from $390.00 to $533.50 vee 
For Routine Work or 


Critical Determinations 


SCHAAR AND COMPANY 


Complete Laboratory Equipment 


7300 W. Montrose Avenue e Chicago 34, lilinois. 
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One of the most significant developments in buret history, the 

Manostat Needle Valve Buret, is now available with Kimble 63119 Needle Valve Buret Complete 
Tubes. Now you can perform your titrations withoul annoyance MACRO SIZE 

of stopcock adjustments. Capacity, ml. 100 50 25 10 


Subdivisions, mi. 0.2 0.1 

This new instrument provides fine needle valve control of ae ae 
liquid flow, eliminating crude, annoying stopcock grease con- 7% ‘ 
tamination. Package of 4 57.78 42.12 44.82 44.82 


It is equipped with a newly improved glass and plastic valve J 631190 Graduated tube only 
practically eliminating the possibility of breakage: liquid comes 
in contact with only glass and Teflon.** Other plastic parts, not ; Note: Please do not fail to specify size 
in contact with liquid, are made of Hysol which is resistant to as well as catalog no. with your order. 
nearly all laboratory reagents. 


The Buret tubes are accurately calibrated to the closest toler- 


ances, and a permanent fused-in ceramic scale insures lifetime i The EMIL Gh EE TVER 0. 


graduations. pert. 222, N. Y. 13, ¥. 


*Patent Applied For 
**7.M. DuPont 


VOLUME 35, NO. 2, FEBRUARY, 1958 


AQ 
| | 
| 
| 
AS] 
ucATO’ | 


Check these 
S&S features 


Here’s why your students deserve 1. STANDARDIZATION 


for consistent accuracy — 


Quality Filter Papers 


2. SELECTION 


It is highly important to his career that the student chemist for more precise analysis— 
receive the finest instruction, coupled with highest quality a wide range of types from 
For this reason, many professors and teachers of analytical 3. ECONOMY 

chemistry base their laboratory class filtrations upon high the advantages of S&S qual- 
quality S&S Analytical Filter Papers. ity for a few pennies more 


The use of consistently accurate S&S Filter Papers, with their ee pe. 
standardized physical characteristics and wide range of types, 
permits the adoption of a standardized filtration technique. 


Still, it costs only a penny or two more per student, per year, FREE: 
for the advantages of S&S quality and dependability: * Make your own tests. 
Send for your S&S Filter Paper 


For the serious student, the 
techniques for a lifetime. a" made up of many 


For the non-chemistry major, a better understanding 
of classroom and laboratory instruction. 


Start your student chemists out right. Specify S&S Analytical 
Filter Papers when you order. Your care will be appreciated in 
later years. 


Carl Schleicher & Schuell Co. 


Dept. JE-28, KEENE, NEW HAMPSHIRE 


HIGH QUALITY ANALYTICAL FILTER PAPERS® 
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TRIPLE-JET 


The Eimac HV-1 Diffusion Pump is a fast, triple-jet, air-cooled vacuum pump of the oil-diffusion 
type. When used with a suitable mechanical forepump and Eimac type A oil it is capable of reaching 
an ultimate vacuum of 4 x 10~? mm. of mercury. 

Assembly of oA pump isa Toor ood Operation, requiring no special tools or intricate adjustments. 
It can be comp ing in five minutes or less. 


The gless construction permits as of conditi 


within the pump. 


PYREX GLASS BARREL—Readily enables inspection of oil rings and internal operating conditions. 


_SIMPLE CLEANING—This factor is one of the most important to pump users. The * 
can be disassembled in 4 matter of minutes without special tools. Normal clean- 
ing procedure is 100% effective as there are no inaccessible areas. (With metel- 
barreled pumps inspection is difficult and effectiveness of cleaning can be 
determined only after pump hes been returned to service.) 


NO REFRIGERANT—The “Eimac’’ is entirely air cooled with the cooling 
accomplished from the draft of a small fan. 
NO CHARCOAL TRAP—The unique cold-baffle prevents entrance of oi! vapor in the 
high-vacuum manifold. 


PIPE-FFLANGE MOUNTING—Both high-vac and forepump manifold connections match 
standard pipe flanges. 


‘Eimac”’ 


EIMAC Diffusion Pump 


AIR COOLED 


APPLICATIONS OF 
THE EIMAC PUMP 
EVACUATING 


Electronic vacuum tu’ 
Television picture tubes 


X-ray tubes 
METAL CERAMIC 
BRAZIN' 
MET. AUZING 
EVAPORA 
VACUUM SINTERING OF 
METALS 
VACUUM SMELTING 
AND CASTINGS 
ANTI-REFLECTIVE 
COATING 
Optical components 
DISTILLATION OF 
VITAMINS 
OBTAIN OPERATING 
PRESSURE 
of cyclotrons and Y-12 
FREEZE-DRYING OF 


BIOLOGICALS 


110 VOLTS AC-DC—No complicated electrical circuit is required as the heater operates on stand- 
ard 110 volt power. 


MECHANICAL DATA 
Ultimate Vacuum, at 25°C. (approx.).................. 


OPERATIONAL DATA 


Amount of Oil 
Forepump Capacity* 


150 milliliters 

0.1 to 2.0 liters per second 

at 0.001 mm. of mercury, or less 
mm. of mercury 

35°C. or lower 

100 to 110 volts 

Heater Current (at 110 volts) 1.7 amperes 
Speed, without baffle approx.) ...............55 67 liters per second 
at 4x 10-4 to 4x mm Hg 

Speed, with baffle (approx.) 32 liters per second 
at 4x 10-4 to 4x mm Hg 


No. 


Electrothermal armoured heaters 


Developed to meet the 
need for an electric heating 
cable to operate under 
more severe conditions than 
tapes and for use at tem- 
peratures of 450° and 
800° C. 


4x 107 mm Hg 
Pyrex Gless 

3 Jet, Aluminum 
Air 

Vertical, boiler down 


Forepressure (maximum) 
Baffle Temperature 


Heater Voltage Net Weight 


Shipping Weight 


*A smaller forepump may be used, but this will reduce the pumping speed at 
the higher manifold pressures. 


Applicable to METAL PIPES— 
CATALYST TUBES — METAL 


resistance alloy is moulded in wire 
form beneath the insulation cover- 
ing and the whole assembly is 
then enclosed in a braided nickel alloy sheath. The nickel alloy input terminals insulated with 
ceramic have been designed for trouble-free operation at maximum temperature. The nickel 
alloy braiding combines flexibility with excellent mechanical strength, thereby allowing the 
Armoured Heater to withstand handling and abrasion injuring or affecting the heating element. 
Ideal in circumstances where a high rate of heat transfer is required. May be applied directly 
to metal vessels or pipes and may be lagged or close-coiled. 


IAIN” 


ons 
ha 
il 
C° | Feet | Ins. | Volts| Watts | Price Ay 
450] 3 |3/16| 115] 900] 35.45 VA NY 
450| 3 | 3/16| 930] 900] 35.45 
450| 6 | 3/16] 115] 400] 45.70 — 
6 | 3/16| 230] 400] 45.70 ry 
450] 10 | 3/16] 115] 600] 62.95 
450] 10 230} 600 62.25 
s. 450| 20 | 3/16] 115] 1200 95 
450 | 20 3/16 230| 1200] 92.95 men us )_ 
800 5 115] 300| 44. lectrothermal Armoured 
800} 3 | 5/16| 230] 300] 44.90 | Hester ofa __ 
800} 6 |5/16| 115| 600] 64.60 | and insu 
800] 6 | 5/16] 230] 600] 64.60 
800] 10 | 5/16] 115| 1000] 93.75 
800 | 10 | 5/16] 230] 1000] 93.75 
800 | 16 | 5/16] 110] 2500] 138.60 
800 | 290 | 5/16] 115 | 2000] 148.00 
800 | 20 | 5/16] 230] 2000] 148.00 
800 | 20 | 5/16] 110] 3700] 163.80 
800 | 24 | 5/16] 110] 5000] 189.00 3 
STANDARD SCIENTIFIC 
APPARATUS | 
° 
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Have you examined? 


GENERAL COLLEGE CHEMISTRY 


By Jesse H. Wood & Charles W. Keenan 


and its accompanying LABORATORY MANUAL by 
Professor Wood & William T. Smith, Jr. 
University of Tennessee 


Successfully and widely used, this text, which was published less than 
a year ago, has established itself in the field, and merits your attention. 


Over 130 institutions have adopted 
GENERAL COLLEGE CHEMISTRY or 
have notified us of their forthcoming 


adoption of this text. 


A Partial List 


Adelphi College 

American University 

Baldwin-Wallace College 

Boston Teachers College 

Bradley University 

Columbia University 

Florida State University 

George Washington University 

Georgia Institute of Technology 

Louisiana Polytechnic Institute 

Loyola University, Calif. 

Madison College 

New Haven State Teachers Col- 
lege 


North Carolina State College 
Ohio Wesleyan University 
Portland State College 

St. Olaf College 


Sam Houston State Teachers 
College 


Santa Barbara College 

South Dakota State College 
Sweetbriar College 

Syracuse University 
University of Akron 

UCLA 

University of Cincinnati 
University of Colorado 
University of Denver 
University of Hawaii 
University of Maryland 
University of Michigan 
University of North Dakota 
University of Tennessee 
University cf Western Ontario 
University of Wyoming 
Virginia Polytechnic Institute 
Westminster College 
Whitworth College 


HARPER & BROTHERS 


Aan 
EXOJINTET 


Al 


Here are some of the comments 
Harper's has received about this 
new text for courses in freshman 
chemistry: 


“This book presents the material in a very clear 
manner with the proper emphasis on historical 
background.” 


“Tn illustrations and in general physical makeup 
it is far ahead of its field.” 


“T am impressed by the care and thoroughness 
shown in these two books and by the quality and 
appropriateness of the illustrations.”’ 


“Congratulations on a superb job of writing ” 


“*.,. is one of the most satisfactory texts I have 
ever examined.” 


“|. . it is a very fine job.” 


“It is definitely one of the best books of its kind 
that I have seen.” 


“The book is a fine piece of workmanship.” 


49 East 33d Street, N. Y.16, N. Y. 
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An old favorite... now completely modernized... 


CATION 


QUANTITATIVE ANALYSIS, 4th Ed. 


By WILLIS C. PIERCE, University of California, Riverside; EDWARD L. 
HAENISCH, Wabash College; and DONALD T. SAWYER, Jr., University of 
California, Riverside. Rewritten more than 60%, this highly successful text re- 
tains the style and procedures that made the previous editions so popular (hundreds 
of thousands of copies sold). The book’s new arrangement allows the instructor to 
start with either volumetric or gravimetric analysis, and the material is designed for 
use in a One semester course or a year course. Colorimetry is included. Also, more 
material on instrumentation has been added, examples being pH meter and a titra- 
tion using “‘versene.”’ 


1958. Approx. 486 pages. Prob. $5.75. 


ION EXCHANGE RESINS, 2nd Ed. 


By ROBERT KUNIN, Rohm & Haas Company. A thorough revision which pro- 
vides new material on liquid ion exchangers, catalysis, stability, the use of ion ex- 
change resins in agriculture and atomic energy, and many other subjects. The 
second edition, like the first, has been written primarily for readers who have re- 
cently become interested in ion exchange technology, or those who have been 
working in a narrow area of ion exchange and are curious about the overall aspects 
of the field. It is the most comprehensive and up-to-date treatment available today, 
providing detailed descriptions of the nature and preparation of all kinds of ion 
exchange resinous materials. It is the only book that will enable one who has had 
no previous experience with these resins to synthesize an ion exchange resin, evaluate 
the product, and employ the resin for both major and minor applications. 


1958. Approx. 474 pages. Prob. $11.00. 


AUTOMATIC PROCESS CONTROL 


By DONALD P. ECKMAN, Case Institute of Technology. Written for engineers 
who are concerned with instrumentation, this book treats the important principles 
of automatic control, emphasizing block diagrams and frequency techniques in 
process control. It begins with process analysis and carries on into the generalized 
behavior of closed-loop systems. System problems are given a great deal of study. 
The techniques of analysis are used to the fullest extent, and enough detail is care- 
fully presented so that some of the more difficult problems in automatic control 
may be inspected closely. The author incorporates numerous problems with answers 
and nine detailed experiments, including the analog computer. 


1958. Approx. 374 pages. College edition. Prob. $7.50. 


Send for examination copies. 


JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 
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Will it break before you get there? 


The three best students in your class. But, that’s 
the trouble. They’re always striking out on their 
own ... trying their own experiments. 

But there is one big factor in their favor—your 
efforts to get them the safest equipment with which 
to work. 

That Pyrex brand flask, for example. It can 
take heat and heat shock. It’s made heavier and 
stronger than flasks fashioned of ordinary glass 
that can’t take heat. 

Or the graduated cylinder—it’s mounted on a 
stable, hexagonal base; has a built-in bumper at 
the top to cut down tip-over breakage. One large 


PYREX® laboratory 


university tested them, found their students broke 
only one Pyrex cylinder to three of a competing 
brand. 

Specifying Pyrex brand is smart buying. Less 
breakage means lower cost over the years. And 
less likelihood of accidents. 

Write for your free copy of This is Glass. Its 
sixty-four pages describe what glass is, how it’s 
made, where it’s used. Enjoyable reading. 


CORNING GLASS WORKS 
yw 76-2 Crystal Street, Corning, N.Y. 


Comming meant research in Glatt 


. the tested tool of modern research 
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HEAT ENERGY 


A. 


ENERGY 


Measurement of heat 


7-1s 


Calorimetry. (a) Two concentric tubes, 7” long and 1.5c 
and 1” wide respectively, are open and tapered at the 
bottom so as to fit over a cork stopper; a thermometer is 
inserted in the inner vessel, and the assembly lowered into 
a 400 ml. thermos bottle. (1) Run 25 ml. of a base into 
the inner tube, and 25 ml. acid into the next tube; allow 
to come to constant temperature. Raise inner tube from 
cork, allowing the solutions to mix: record temperature 
versus time. The temperature rise is practically in- 
stantaneous. (2) Ditto, for heats of mixing 50 ml. HO 
+ 50 ml. of various alcohols. (3) Ditto, for heats of 
gelation, i.e. aleohol + Ca(OAc)2, Dem. 23-22, or for HOAc 
+ sodium silicate, Dem. 15-8. (Van Kuiooster, H. §., 12, 
285 (1935).) 

(b) A simple calorimeter using diphenyl methane, cali- 
brated from H.2SO, + or HCl + NaOH, or Na,SO, + 
BaCle. Measure heat changes accompanying enzyme re- 
actions, e.g., peroxidase-quinol. (SREERANGACHAR, H. B., 
and Sreenavasaya, M., 12, 395 (1935), abstracted from 
Biochem. J., 29, 291 (1935).) 

(c) A portable calorimeter determining heats of mixing 
to within 0.05%; a student project, see article for apparatus 
and data. Used as a comparative instrument by cali- 
brating against a standard of known molar heat evolu- 
tion. Data on heat of neutralization at different concen- 
trations of HCl, HOAc, NaHSO,, etce., (Livingston, R., 
and Horwitz, W., 16, 287 (1939).) 

(d) Rather complex apparatus for measuring sp. heat 
of liquids; 2N HCl] + 2 N NaOH in a calorimeter furnish 
a fixed quantity of heat. (CHaruss, R. G., 31, 577 (1954).) 
An electrical calorimeter. Carry out an endothermic re- 
action in a Dewar flask; restore the loss in heat by an 
electric heater, giving a direct energy measurement of the 
heat of reaction. See article for apparatus, potentiom- 
eter circuit, and data. Exothermic reactions can be 
measured by cooling a fixed amount of reactants and re- 
storing with electrical heating. Data is given for the 
reaction between 30 ml. of 0.3M SnCl in 2N HCl + 
200 ml. 2N HCl + 20 ml. 0.5M FeCl;; heat of reaction 
is —16,200 calories per mol. of FeCl;. (Cameron, I., 
and Wriagut, R. H., 18, 510 (1941).) 


Heats of transition 
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Cooling by evaporation. (a) Methyl chloride. Add a 
little water to methyl chloride in a beaker: the water 
freezes in an instant. (Strong, C. H., 4, 630 (1927).) 

(b) Free evaporation of ether. Hang a 4 X '/2" stop- 
pered test tube containing 5 ml. distilled water by a thread 
in a 10 X 1” test tube containing 25 ml. ether; suck air 
rapidly through this tube, then into a 1'/, K 12” tube 
half-full of ethanol, then to an aspirator: the water 
quickly freezes; the ether fumes are absorbed in the 
alcohol instead of filling the classroom. (Rawson, V. R., 
17, 94 (1940).) Same, with illuminating gas being blown 
through the ether and ignited at the exit (MARKLEY, 
A. L., 11, 251 (1934).) Atyea: the first method avoids 
fire hazard, and is therefore to be preferred. 

(c) Evaporation of ether in closed tube. Join two 7” test 
tubes at the top by a 7 mm. tubing carrying a ddo-erm:; 
introduce 20 ml. ether; evacuate; seal off at the side-arm. 
With all of the ether in one leg, dip the empty leg into 
dry ice-acetone mush: the ether condenses here and the 
leg holding the ether soon becomes covered with frost as 
the heat of vaporization of ether is supplied by the walls 
of the leg. Draw analogies with steam heating, refrigera- 
tion, and evaporating. See Cryophorusx Dem. 5-1Is. 
(Dutton, F. B., 18, 15 (1941).) 
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DEMONSTRATION ABSTRACTS 


_ Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


Heat of fusion. Differential thermal analysis. Heat an 
inert substance and a reactive substance simultaneously 
in the same furnace, measuring their temperatures by 
thermocouples: a difference in temperature is recorded. 
Inerts: calcined alumina or calcined silica. Standards: 
ortho- or meta-nitrobenzene, benzoic acid, AgNOs, or 
NaNO;. Unknowns: stepwise dehydration of BaCl:.2H.O, 
and CdCh.2'/zH:O, and CuS0,.5H:O. See ‘article for 
details and apparatus. (Borcnarpt, H. J., 33, 103 (1956).) 
Heat of crystallization. Evaporate CaCl:-aq. to a syrup, 
at which point it will be supersaturated; then suddenly 
jar it: it crystallizes, releasing heat. (Wares, R. B., 
9, 2133 (1932), abstracted from Pop. Sci. Mo., 121, 54 
(1932).) 

Latent heat of hydrates. Immerse a thermometer in a 
test tube half-full of molten salt; cool: as the material 
solidifies, the heat of fusion causes the temperature to rise 
to its true freezing point. NaS.0;.5H:O and Fe(NO;);.- 
9H:0, and Ca(NO;).4H:O give satisfactory results; 
Ca(NO;)2.4H:0 and Co(NO;).6H:O give poor results. 
(Farquanar, B.S., and Ray, F. E., 14, 88 (1937).) 


Heat of reaction 
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Heat of combustion. The Bunsen burner. (a) See Dem. 
2-13s (d), a giant Bunsen burner made of glass, and revers- 
ible flame. (Glass burner also reported by Weaver, EF. C., 
29, 291 (1952).) 

(b) Cu gauze placed over a small glass funnel with its 
stem resting in the barrel of Bunsen burner; place heap 
of gunpowder in center of gauze, and lay a tiny pile of 
guncotton on the gunpowder. Ignite the guncotton: 
gunpowder unaffected. Light the burner: gunpowder does 
not ignite. Turn the flame low: gunpowder ignites. 
(Stone C. H., 2, 275 (1925).) 

(c) Blast lamp, higher temperature. Seal a side-arm in 
the middle of a 10 cm. length of 2 cm. glass tubing; place 
a 1-hole stopper in the lower end to admit a 6 mm. tubing 
which ends in a 2 mm. tip just short of the opening of 
the larger tube. Blow air through the inner tube and 
admit gas through the side-arm. (Baker, R. A., 2, 480 
(1925). ) 

(d) Davy Safety Lamp. Hold a 1'/2 X 5'/2” #30 Cu 
gauze basket enclosing a lighted candle with a ring of 
plasticene. Play a stream of unlighted gas from a burner 
against the cylinder: gas burns inside the basket oniy. 
Make a hole in the plasticene and repeat: burner ignites. 
(FaIRBROTHER, F., 11, 481 (1934), abstracted from Sch. Sci. 
Rev., 15, 523 (1934).) 

(e) Strike-back. Project a Bunsen burner barrel 2 cms. 
into a 2.5 X 100 mm. glass cylinder. Have a small-bore 
tubing connected to give a pilot light 2 cms. above and 
1.5 ems. to the side of the glass cylinder. Wedge a screen 
#28 mesh Cu gauze into the cylinder, 5 cms. above Bunsen 
burner outlet. (1) Close air-holes; turn on gas; ignite 
gas at top of cylinder: steady flame. (2) Open air-holes: 
large Bunsen flame is obtained. (3) Turn gas slowly 
off: strike-back occurs, the flame travelling down cylinder 
until it explodes at the wire gauze, a succession of such 
strike-backs occurring. (4) Illustrate principle of Fisher 
burner by holding gauze over upper end of glass tube, 
preventing strike-back. (Aparr, A., 12, 45 (1923); ab- 
stracted from Sch. Sct. Rev., 16, 123 (1934).) 


Heat of formation. (a) Air-thermometer apparatus. In- 
sert a 4-ft. long 4 mm. glass tubing, bent at right angles, 
in a 1-hole stopper inserted in a 250 ml. gas drying tower, 
and add 150 ml. of 95% ethanol containing 40 mg. methy! 
violet. Insert a 25 X 200 mm. test tube through a rub- 
ber stopper at the mouth of the tower, so that the tube 
just touches the ethanol. Mark the height of the ethanol 
in the side-tube. (b) Zn + iodine. Mix 2 g. granulated 
#20-30 mesh Zn with 14 g. resublimed I, in a dry mortar, 
pour into the tube exactly 3 ml. H,O: within 10 seconds 
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a violent combination occurs, violet (excess) I, is evolved 
and the liquid in the air-thermometer rises a meter. 
(Martin, D. R., 25, 495 (1948).) 

Heat of hydration. (a) Place a frying pan on dry CaO 
in a tray; add cold water to the CaO; break an egg into 
the pan: the egg fries, the CaO + H:O liberating 160,540 
calories per mol. (b) Anhydrous CuSO, + H.0 gives 
18,500 calories per mol. (c) BaCl + H:O gives 7000 
calories per mol. (Stonez, C. H., 4, 630 (1927).) 

Heat from a displacement. (a) Carry out reactions in a 
thermos bottle holding a thermometer. (1) Mg + HCl 
gives 108 Keals. per mol; Zn + HCl, 34 Keals.; Mg + 
Zn*++ gives the difference of the former two, 74 Kcals. 
(2) Mg + HCl gives 108 Keals., Fe + HCl gives 3 Keals., 
Mg + Fett+t+ gives the difference or 105 Keals. (3) 
Same, Zn + Fett gives 34 — 3 = 31 Keals. (Hi- 
BOURNE, FE. W., 5, 733 (1928).) 

(b) Explain E.M.F. (Dem. 7-24s) for reactions between 
Zn + Cutt, Cu + Ag*, and Zn + Ag* in terms of 
heats of formation: of 2N solutions of Zn(NOs3)2 is 569 
Kj, of Cu(NO3)2 is 303 Kj., and of Ag(NO;) is 206 Kjoules; 
therefore Zn + 2 Ag* is 363 Kj, whereas Cu + 2 Ag* is 
only 97 Kj. (Curnton, G., 8, 683 (1931).) 

(c) Suspend on a thread a test tube containing exactly 
4.0 g. finely granulated Zn in a narrow-neck thermos 
flask containing exactly 200 ml. of water + 40 g. CuSO,.- 
5H.O. Insert a thermometer in the liquid, plug the mouth 
of the flask with cotton, wait half an hour and read the tem- 
perature of the liquid. Dump in the Zn, stir for 10 miuutes, 
read the new temperature: a gram atom (65.4 g.) of 
Zn evolves 50,110 cals. from Zn + Cut+* = Zn*+* + Cu. 
(CHaRLEsSwortH, M. E., and Patcu, E. M., 9, 1490 
(1932), abstracted from Sch. Sci. Rev., 13, 256 (1932).) 

7-lls Thermit reaction. See Dem. 7-3. (a) Use a cone of 
Plaster of Paris in place of a crucible. (Fine, L., 8, 
929 (1931).) (b) Initiate with glycerine-permanganate. 
(Kier, O. C., 14, 320 (1937); or imbed 5 match-heads 
in the thermit starting mixture and light with a Bunsen 
flame (Weaver, E. C., 24, 48 (1947).) (ALYEA: you 
have to be brave) (c) Sure-fire sequence is (1) initiator 


of KMnO, + glycerine, (2) igniter of powdered Al + 
BaO:s, (3) intermediate igniter of powdered Al + red 


Fe,0;, (4) thermit. (Brockert, C. P., 29, 525 (1952).) 


Physical effects of absorbing heat 

7-12s Silver-coat (Dem. 12-19) the bulb of an air-thermometer; 
coat a second bulb with soot from a flame; fill each ther- 
mometer to the same height with colored liquid. Bring 
a luminous flame mid-way between the two bulbs: the 
blackened one absorbs, and heats up, more. (Fig, I., 
8, 929 (1931).) 
Heat motors. (a) Bicycle wheel with ball-bearing hub; 
spokes replaced by 60 ordinary elastic bands stretched 
the diameter of the wheel and held at the hub by a washer 
and nut; wheel balanced with gobs of plasticene on rim; 
60-watt lamp close to lower spokes, to one side of the 
vertical axis, reflector behind wheel: turns about 1 revo- 
lution per second, for hours. (Cox, E. G., 31, 307 (1954).) 

(b) Flasks on one side of a wheel are heated; this vola- 
tilizes liquid in the flasks and drives the liquid into flasks 
on the other side of the wheel; this unbalances the wheel 
and causes it to rotate. (Canny, E. R., 2, 614 (1925); 
poor abstract, see original article in Ezperimenter, 4, 
537 (1925).) 

7-14s Carnot cycle. (a) Model. 
Paris wooden base, see article. 
Harman, R. J., 18, 180 (1952).) 

(b) Stretch a rubber band suddenly, and touch to the 
tongue: the rubber feels warm. Suddenly relax the 
band, and touch again to the tongue: feels cool. (CALIN- 
GAERT, G., 29, 405 (1942).) 

(c) Bobby-Bird. See article for diagram of Bobby 
Bird, the double-vialed device with ether inside and a 
water pad on the outside, which continually bobs up and 
down. Discuss how it illustrates the second law of 
thermodynamics (i.e., that heat can do work in a com- 
pletely reversible cycle only when a decrease in tempera- 
ture is involved); also discuss the cooling effect of 
evaporation. (Kirrsuey, S. L., 27, 573 (1950).) 


Lines marked on a Plaster of 
(Kanninea, E. W., and 


7-15s Miscellaneous. How to make a realistic geyser; how 
to supercool water; how to stretch metals without pull- 
ing the ends: see original article in Sci. and Inv., 18, 
909 and 925 (1931); no details in abstract. (BLANK, J., 
8, 979 (1931).) 


Color changes affected by heat 

7-16s (a) Cupromercuric iodide. Mix 50 ml. of KI-aq. (18.3 
g. per 100 ml. HO) with 50 ml. HgCh-aq. (6.8 g. per 50 
ml. H:O); stir well, let settle, decant the clear super- 
natant liquid, and to it add the remaining 50 ml. of KI-aq. 
The red precipitate dissolves, forming K:Hgl, Now 
add 12 g. CuSQ, dissolved in a little water, and pass in 
SO, until a red powder forms. Filter and dry the pow- 
der; smear on asbestos and use repeatediy: turns red to 
black above 75°C. (Srons, C. H., 21, 350 1944).) 

(b) Miscellaneous. Discussion of changes, no strik- 
ing demonstrations. Substances changing color revers- 
ibly at different temperatures include oxides, subli- 
mates, borax beads, chromates, hexa-cyano-ferrates (II 
and III). (Buank«, E. W., 20, 171 (1943).) 


B. ELECTRICAL ENERGY 


Electricity produced 

7-17s Photocells. Bake a clean copper plate in a moderate 
oven for half an hour: a coating of red CuO, not black 
CuO, forms. Immerse this as anode in Pb(NO;)s-aq., with 
a Pb-plate cathode. Illuminate: milliamps. generated. 
(Fring, I., 8, 929 (1931).) 

7-18s Static electricity. Show influence of static electricity on 
a comb rubbed through the hair (magic wand) on a fine 
spray of water. (Frank, J. O., and Bartow, G. J., 11, 
317 (1934); abstracted from Sch. Sci. Math., 34, 72 
(1934).) 

7-19s Rectifier. Show rectifying action of an aluminum oxide 
coated sheet of Al towards alternating current; no details 
in abstract. (Wars, R. B., 11, 189 (1934); from Popu- 
lar Sci. Mo., 123, 52 (1933).) 


Electromotive force 

7-20s Measurements of e.m.f. (a) Calomel electrode. 
design using a bottle of KCl-aq., see article. 
T., 19, 47 (1942).) 

(b) Visible-scale potentiometer. See article for details 
for measuring the molal reduction potentials of the com- 
moner metals by using the hydrogen electrode, half-cells, 
metals and the ions, and redox systems. (GucKER, F. 
T., and Van Arta, A., 8, 1157 (1931).) 


Polarograph. See article for diagram and. details. 
(Ruts, C. L., 25, 224 (1948).) 

Anodic films on Al. (a) Clean two 1.5 X 3” sheets of Al 
in CCl, then immerse in IN NaOH at 65°C for 30 sec- 
onds; rinse with distilled H,O. Place in H:SO, (150 ml. 
conc. acid per liter) and connect via a 5 amp. a.c. meter 
to a Variac connected with 110 volts a.c. Insert a cool- 
ing coil of glass in the acid to keep temperature at 25°C. 
(b) Electrolyze at 1.5 amps. and 15 volts for 20 minutes. 
(c) Rinse one Al sheet, immerse in dye solution (3 g. 
Anodal Light Red No. 2, or Aluminum Blue A (Sandoz 
Co. dyes), or Alizarin Sapphire 8.E. (National Aniline & 
Chem. Corp.) per liter at 65°C. for 15 minutes, followed 
by a rinse and “sealing’’ in boiling water for 10 minutes. 
(d) For the second sheet of aluminum seal it first, then 
dye for 10 minutes. (e) Contrast the two sheets: the 
sealing forms aluminum oxide monohydrate which in the 
first sheet sealed the dye into the pores, and in the second 
sheet, shut out the dye. (f) Show the increased resist- 
ance of the anodized layer by connecting a 1.5 volt dry 
cell in series with a 1.5 volt bulb, with two wire leads. 
When the leads are ‘touched to the uncoated Al the light 
glows; but it goes out if the wires are touched to the ano- 
dized surfaces because of the electrical resistance of the 
oxide film. (Spoonnr, R. C., and Goparp, H. P., 25, 
340 (1948).) 
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Perkin-Elmer 
Announces New Advances 
Gas Chromatography 


Since the advent of commercial gas chromatography instru- 
ments, Perkin-Elmer has been o leader in the development of 
new instruments and techniques. Now Perkin-Elmer announces 


three new instruments, each a unique advance in its field. 


NEW! The Model 188 Triple Stage Vapor Fractometer 
will analyze an unknown multi-component sample faster than any gas 
chromatography instrument in service today. The Model 188 makes three 
simultaneous analyses of high, medium and low boiling components, each 
under optimum chromatographic conditions. The instrument will analyze 
mixtures with components ranging from light gases to liquids boiling at 
400°C. or higher. 


NEW! The Model 184 Process Vapor Fractometer 


performs continuous multi-component analyses of a wide variety of 
process streams. The instrument automatically withdraws samples from 
the stream at timed intervals and determines the concentration of from 
one to four pre-selected components, recording these with exceptional 
reproducibility on a bar chart. The Model 184 was evolved from experi- 
mental instruments placed in actual plant service by ten leading petro- 
leum and chemical companies over a period of almost two years. Shown 
here is face of programmer unit. 


NEW! The Model 154-C Vapor Fractometer 


brings automatic range control to gas chromatography. The 154-C antici- 
pates high peaks and automatically attenuates them to manageable 
proportions, leaving the operator free to go about other work. The Model 
154-C also features two new accessories: a combustor for reducing com- 
plex hydrocarbons such as octane to CO, and H,O for easier, faster 
determination; and a high-temperature column that handles liquids with 
boiling points up to 400°C. 

For further information write us at 870 Main Avenue, Norwalk, Conn. 


INSTRUMENT DiviSton 


Perkin-Elmer 


NORWALK, CONNECTICUT 


VOLUME 35, NO. 2, FEBRUARY, 1958 
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GENERAL CHEMISTRY 
By JOHN ARREND TIMM, Simmons College. Third Edition. 636 pages, $6.50 


Written in a vigorous, conversational style and firmly based on sound scientific and pedagogical principles, 
this new edition presents an introduction to modern theory and to the descriptive chemistry of the com- 
mon elements. It is designed for first-year study for those students who plan to use chemistry in their 
professional education and by those who elect this science for its value in a liberal arts program. The 
nature of forces associated with the various types of atom combination is discussed and applied in the 
explanation of the physical properties of substances that the student meets in the laboratory. Completely 
up to date and improved through several changes in material and arrangement. 


PRINCIPLES OF ORGANIC CHEMISTRY 


By JAMES ENGLISH, JR., and HAROLD G. CASSIDY, Yale University. International Chemical 
Series. Second edition. 512 pages, $6.50 


Here is a well-balanced, complete introduction to all the major fields of organic chemistry for students 
who are planning to go into advanced scientific work in medicine, chemistry, chemical engineering, and 
allied fields. This text takes up aliphatic and aromatic compounds together, after the first few chapters, 
thereby emphasizing the essential unity of the organic chemical theory. 


EXPERIMENTAL PHYSICAL CHEMISTRY 


By FARRINGTON DANIELS, J. HOWARD MATHEWS, JOHN W. WILLIAMS, PAUL BENDER 
ROBERT A. ALBERTY, all of the University of Wisconsin. Fifth Edition. International Chemica 
Series. 510 pages, $6.50 


A careful revision of a recognized laboratory text, reflecting modern developments in the field of physical 
chemistry. The authors seek to illustrate the principles of physical chemistry, to train the student in 
careful experimentation, to develop familiarity with equipment, and to encourage ability in research. 
In this fifth edition, new experiments and techniques have been added in line with modern developments 
in glass blowing, high vacuum, electronics, differential thermal analysis, and osmotic pressure. 


CALCULATIONS OF ANALYTICAL CHEMISTRY 


By LEICESTER F. HAMILTON, Massachusetts Institute of Technology; and STEPHEN G. SIMPSON, 
Massachusetts Institute of Technology. International Chemical Series. Fifth edition. 340 pages, $5.00 


Distinguished by its complete coverage of both qualitative and quantitative analysis, this book is valuable 
as both a text and reference at the undergraduate and graduate levels. It provides thorough instruction 
in the calculations involved and supplies an abundance of practical problems encompassing all phases of 
analytical chemistry. 


QUANTITATIVE CHEMICAL ANALYSIS: An Introduction to 
the Seienee and Practice of Chemical Measurement 


By CHARLES W. FOULK, HARVEY V. MOYER, and WILLIAM M. MacNEVIN, The Ohio State 
University. 465 pages, $5.75 


A standard, modern text for the intensive or full-year course taken by chemistry majors. Practice and 
theory are balanced almost equally, but the general theory is separated from the analytical procedures 
in order to present fundamental principles without confusing them with the details of specific determina- 
tions. The aim is to develop in the student an understanding of the science of chemical measurement, 
rather than teach him to analyze a few materials. 


“cores MeGRAW-HILL BOOK COMPANY, Inc. 


ON APPROVAL 330 West 42nd Street, New York 36, N. Y. 
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HARVARD TRIP BALANCE 
Model No.1550-S 


Capacity...... 2 Kilogram 


#117 
list price 
$80.00 


#115 


list price 
$43.65 


"$22.80 Sensitivity........ 0.1 Gram 

TRIPLE BEAM BALANCE 

Model No. 750-S_ 

Capacity...... 2610 Gram 

Try Sensitivity........ 0.1 Gram 
EVEN ARM 


SOLUTION BALANCE 

Model # 117 #115 
Capacity 5 Kg. 1 Kg. 
Sensitivity 0.5Gm. 0.1Gm. 


list price 
$110. 


HEAVY DUTY 
SOLUTION BALANCE 
Model No. 119-S 


Capacity.... 20 Kilogram 
Sensitivity.......... 1 Gram 


list price 
$95.00 


INDUSTRIAL BALANCE 
Model No. 1910 
MICROMETER POISE 


Capacity...... 5 Kilogram 
Sensitivity........ 0.5 Gram 


list price 
$29.50 


laboratory exd trade weights 


TRIPLE BEAM BALANCE 
CENT-O-GRAM 
Model C.G. 311 

Capacity........ 311 Gram 

Sensitivity...... 0.01 Gram 
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THE NEW SARGENT 


$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 


POWER 
BORER 


Designed and manufactured by E. H. Sargent & Co. 


PRECISE 
BORING 
IN SECONDS 


Fast and Easy To Use 
Accurate Smooth Holes—You can bore as many 


Efficient Boring 


holes as the area of the cork or stopper will allow. 
insures Parallel Alignment of Borings 
Compact—Portable—Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and rane for operation from 
115 volt, 60 cycle A. C. circuit . ‘ 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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> Commercially available Pyroceram 
brand tubing was recently announced by 
Corning Glass Works, Corning, New York. 
Tubing the diameters ranging from '/; 
to */, inches is available in quantity for 
broad industrial applications such as heat 
exchangers and, as diameters increase, 
process piping, the company stated. The 
tubing is pure white and opaque, with the 
thermal shock resistance equivalent to 
that of fused silica. 


tion letterhead and mention 


unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive d 
prompt attention if you write on your firm or Institu- produced by Offner Electronics, Inc., 


Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis p> A new high pressure valve, so tiny it 


p> A new, two channel, high performance, 
low cost, direct writing oscillograph, the 
Offner Type 542 Dynograph, -has been 


the Journal of Chemical 5320 N. Kedzie Ave., Chicago, Illinois. 


can fit inside a tennis ball and dwarfs all 
former so-called midget valves, has been 


p A nuclear engineering program for col- 
leges and universities has been announced 
by Nuclear-Chicago Corp., 223 W. Erie 
St., Chicago 10, Illinois. The complete 
“package’’ includes not only a completely 
equipped nuclear engineering laboratory, 
instructions and detailed student and group 
experiments, but also offers help to the 
school in obtaining funds and materials 
from the Atomic Energy Commission. 
The heart of the Nuclear-Chicago package 
is a small, water moderated, natural ura- 
nium subcritical reactor. This is the first 
time a reactor of this type has been made 
commercially available. The inherent 
safety and simple construction of this ver- 
satile, easily maintained unit make it 
ideally suited for teaching purposes. 
Designed to fit into a typical school labo- 


To Use 


Is many ratory, the reactor consists of a 6 foot high, 
4 foot wide stainless steel tank containing 
435 gallons of tap water which act as 

! allow. moderator and shield. Immersed in the_ 


water is a lattice of 275 watertight alumi- 
num tubes containing natural uranium 
fuel in the form of 1” x 8” slugs. The whole 
structure, in operation, weighs somewhat 


Borings 


alan ced less than 5 tons. 
> A new model of the noted Galvanek- 
Morrison Fluorometer, developed origi- 
nally for the U. S. Atomic Energy Commis- 
res stop- sion by the American Cyanamid Co., now 
raft and incorporates provision for analysis of 
liquid samples for trace quantities of both 
beryllium and uranium. 
cout Produced by the Jarrell-Ash Co., 26 
Farwell St. Newtonville 60, Massachusetts, 
: : under license from the American Cyan- 
inches; amide Co., the new JAco G-M Fluor- 
ometer extends the scope of the original 
ubes in- Galvanek-Morrison instrument from con- 
led ring ventional determinations of uranium in 
m oxide solids to include detection of beryllium 
yn from and uranium in solutions, particularly 
150.00 biological products—urine, tissues, bone 


structures, etc. 


> Thermo Electric Mfg. Co., 480 W. 
Locust St., Dubuque, Iowa, announces 
the addition of four completely new elec- 
tric bench-type furnace models to its 
TEMCO line of industrial and laboratory 
products. Designated collectively as 
“Type 1800 Furnaces,’’ they all have the 
same chamber dimensions, case size and 
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developed for the Pharmaceutical, Chem- 
general construction but differ in power 

requirements (single or three-phase) and ical, and by 
top temperature limits (2000° or 2300°F). Erie oe Paley ng 1222 Linden Ave 
All models are for direct, across-the-line dear: 
operation. (Continued on page A64) 


flexible 
TUBING 


Handles every laboratory application 
¥ Glass-like transparency for visual control 
¥ String-like flexibility for easy handling 
¥ First choice of laboratories the world over 
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THAT 
LAST by 


LABORATORY & EQUIPMENT 


e CASES 


Manufacturers of are 
A COMPLETE LINE OF suit every. laboratory 


need, offering custom 


SUPERIOR QUALITY ‘laboratory furniture at 
standardized 


* TABLES * CABINETS 
FUME HOODS 


unit cost. 


¢ RADIO CHEM LAB EQUIP’T. 


available in 500 ml capacity only... 


1228HH 1227HH 
ERLENMEYER | WITH TUBULATION 


PRICE 
EACH 


$2.50 $2.85 


LESS QUANTITY DISCOUNTS 


*Brand Name for Nalge Polyethylene ware. 
WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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Unbreakable NALGENE* Flasks 


These pleasant, easy to handle NALGENE [HH] FLASKS stand up to the roughest lab 
treatment. Extra safe with heavy wall construction to withstand vacuum pressures in 
filtering, they are virtually unbreakable . . . unaffected by heats up to 250°F ... 


with or without tubulation. 


Ask your Dealer for catalog F-957 


ROCHESTER 2, NEW YORK 


Edttor's Gacker 


> A new one-pan analytical balance for 
weighings from 0.1 milligram to 200 grams 
has just been announced by the Christian 
Becker Division of the Torsion Balance 
Co., Clifton, New Jersey. 


@ New Catalogue 80-20 lists precision- 
bore glass tubing in stock made in almost 
any shape and in sizes from 0.003” to 6" 
ID. Bore diameters are controlled within 
plus or minus 0.0002”; for special applic:- 
tions within plus or minus 0.00005’. 
Write Fischer & Porter Co., 491 Jackson- 
ville Road, Hatboro, Pennsylvania, for a 
copy. 


@ The same company at 498 Jacksonville 
Road, offers Catalogue 89-24 which de- 
scribes a new line of Fischer & Porter 
Accurette precision-bore burettes fashioned 
of special tubing with bore tolerances of 
plus or minus 0.0002”. Burettes meet or 
exceed all standards set forth in National 
Bureau of Standards Circular C434. 


@ A fine new laboratory weight catalogue 
and handbook has been issued by Henry 
Troemner, Inc., 22nd and Master S&t., 
Philadelphia 21, Pennsylvania. It con- 
cisely reviews construction and tolerance 
details for laboratory weights, including 
micro, semi-micro and general purpose 
weights. The booklet dispels the con- 
fusion related to classification of labora- 
tory standards and working weights. 


@ A very excellent pictorial history with 
brief comments is the Atomic Revolution. 
The booklet is designed to acquaint all 
with the problems and hopes of the atomic 
age. It is available from the Director of 
advertising, General Dynamics Corp., 
445 Park Ave., New York 22, N.Y. 


@ Petrochem Lines is a monthly publica- 
tion with the express purpose of acquaint- 
ing chemists with the variety of products 
available from the American Cyanamid 
Co., Petrochemicals Dept., 30 Rocke- 
feller Plaza, New York 20, N. Y. 


@ Bulletin T is a publication entitled 
Temperature Controlling, Measuring and 
Recerding Instruments, available from E. 
H. Sargent & Co., 4647 W. Foster Ave., 
Chicago, Illinois. 

@ The Nalge Co., Inc., 625 S. Goodman 
St., Rochester 20, New York, announces 
the availability of amber-colored poly- 
ethylene bottles and new polypropylene 
equipment. Information on these prod- 
ucts may be obtained on request. 


@ How photocopying can save money and 
increase efficiency in purchasing, produc- 
tion, advertising, research, and engine:r- 
ing is described in a new 16-page illus- 
trated booklet now available from Ea-t- 
man Kodak Co., Business Photo Methods 
Division, Rochester 4, New York. 


@ Scientific Glass Apparatus Co., Inc., 


Bloomfield, New Jersey, annqunces tie 
publication of a new edition of What's 


JOURNAL OF CHEMICAL EDUCATION 


— 
UT OF THE 
Bo 
wh 
Te 
Write to 
heal 
letterhead 
completely 
iNustrated 
catalog 
j 
Inquiries 
tention, Planning services and 
| 
| 


00 grams 
Balance 


recision- 
n almost 
13” to 6" 
within 


hich de- 
Porter 
ashioned 
ances of 
meet or 
National 
4. 


atalogue 
y Henry 
ster St., 
It con- 
olerance 
ncluding 
purpose 
he con- 
labora- 
ts. 


ry with 
volution. 
aint all 
> atomic 
ector of 

Corp., 


publica- 
quaint- 
roducts 
anamid 
Rocke- 


entitled 
ng and 
rom E. 
r Ave., 


yodman 
ounces 
| poly- 
ypylene 
» prod- 


ey and 
yroduc- 
gineer- 
illus- 
East- 
ethods 


Inc., 
es the 
What's 


ATION 


New for the Laboratory—3\st in the series. 


e@ Hamner Electronics Co., Inc., P. O. 
Box 531, Princeton, New Jersey, has a 
new 4-page bulletin available covering 
their N-300 Series of Nuclear Amplifiers 
which are manufactured for use in the field 
of radiation monitoring, scintillation spec- 
troscopy, and proportional counter analy- 
sis. 


@ Soiltest, Inc., 60 E. 42nd St., New York 
17, N. Y., has just released the first copy 
of their new monthly publication, The 
Testing World. It may be obtained 
regularly by request. 


@ Advanced Materials Technology is a new 
quarterly publication of the Research and 
Development Division, The Carborun- 
dum Co., Niagara Falls, New York. 


@ Just out: the 1958 Dow Corning Refer- 
ence Guide, largest and most complete 
silicone catalogue ever published. De- 
scribes over 150 commercially available 
Dow Corning silicone products, including 
many introduced within this past year. 
Available from the Dow Corning Corp., 
Midland, Michigan. 


@ Publication of the new 1957-58 edition 
of its general products catalogue is an- 
nounced by The Dow Chemical Co. This 
revision includes latest information on 
properties and uses of some 375 of Dow’s 
basic industrial, pharmaceutical and agri- 
cultural chemicals. Contact the Dow 
Chemical Co., Midland, Michigan, for a 
copy. 


e@ Arthur S. LaPine & Co., 6001 S. Knox 
Ave., Chicago 29, Illinois, offers three new 
bulletins: Electrothermal Pipe Heaters; 
Electrothermal Armored Heaters and Elec- 
trothermal Heat-by-the-Y ard. 


@ Catalin Corp. of America, One Park 
Ave., New York 16, N. Y., has just pub- 
lished a brochure containing a compara- 
tive properties chart of its styrene molding 
compounds, their formulations and gran- 
ulations available. 


@ Mallinckrodt Chemical Works, St. 
Louis 7, Missouri, is now distributing a 
booklet, First in War...First in Peace, 
which describes the critical and dramatic 
race for the world’s first self-sustaining 
nuclear reaction and traces briefly that 
company’s activities in the atomic energy 
field since 1942. 


@ Brinkman Instruments Inc., 115 Cutter 
Mill Rd., Great Neck, L. I., New York, 
announces a bulletin describing their new 
Piston Burette. 


@ Amoco Chemicals Corp., 915 S. Michi- 
gan Ave., Chicago 80, Illinois, has just 


issued a 24-page general product brochure | 


which describes the company’s line of 
petrochemicals for the paint, plastics, 
rubber, chemical petroleum, detergent, 


sari ultural chemicals, and other indus- 
ries. 


@ A new price list of Carbon-14 Labeled 
Compounds is now available from Research 
Specialties Co., 2005 Hopkins St., Berke- 
ley 7 , California. 


(Continued on page A67) 
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“a Precision Instrument of Stainless Steel 
TRIPLE-BEAM BALANCE 


CAPACITY 111 g. 
(201 grams using auxiliary 
weight) 


SENSITIVITY 0.01 g. 


| + Good Sensitivity 


Patented One-Piece 
Beam 


Three Scales Easily 
Read at Eye-Levei 


Stainless Steel Pan 
with Retaining Rim 
© Beam Arrest for Faster 


NO. 4030 


4030. TRIPLE-BEAM BALANCE, High Form. Each $27. 
AUXILIARY WEIGHT Form. 
4030C. PLASTIC COVER For No. 4030. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
L M facturers of Scientific Instruments and Laboratory Apparatus 


For use as neutralizing agent; Catalyst in organic 
synthesis; Preparation of alkyl chlorides from olefins; 
Preparation of chlorides from alcohols; Preparation 

of amine hydrochlorides; Dehydration agent; Reaction 
with ethers, esters, acids, aldehydes, and ketones to 
yield chlorinated hydrocarbons. 


Matheson HCl 


Compressed, liquefied Hydrogen Chloride 
available from stock in convenient, ready-to-use 
cylinders. Five cylinder sizes. Minimum 
Purity: 99% 


Simplify your gas usage problems with safe, easy- 
to-use Matheson Compressed Gases. 76 gases plus 
custom mixtures. Flow and automatic pressure 
controls individually tailored for use with Hydrogen 
Chloride and other gases to suit your needs. Our 
Engineering Department will be glad to recommend 
compressed gas systems to suit your requirements. 


The Mathes Company, Inc. 


Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 
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STIMULATE 


You effectively demonstrate many 
applications of a photochemical na- 


ture with this compact and power. 
ful lamp. 

The Hanovia Utility Model Quartz 
Lamp is excellent for use in all 
phases of ultraviolet photography, 
i.e., “reflected ultraviolet procedure” 
and the “fluorescence method”, It is 
highly satisfactory for illumination 


of optical apertures, for microscopy 
and absorption spectra studies. 


Extremely flexible in use, the 
lamp housing turns readily from a 
vertical to a horizontal position. 
Weighs only 18 pounds. Light source 
is a high pressure electronic dis- 
charge quartz mercury arc, with 
U shaped active arc length of 1%”. 


Photochemical Reactions by Immersion. 
Hanovia laboratory-size immersion 
equipment excellent for teaching 
and testing of actinic radiation proc- 
esses, Enables reaction techniques 
to be evolved and evaluated. Double- 
walled Quartz or Vycor glass im- 
mersion wells fit standard 5 or 12 


liter laboratory flasks. Permits 
study of admixture of reactants, 


temperature control, and maximum 
light ultilization of the hieh-nr-- 
COMPANY 
EMICAL AND MFG- 
HANOVIA CH DESIGNATED AS 


WILL HENCEFORTH BE 


INE: 


HANOVIA LAMP DIVISION 


100 CHESTNUT STREET 
NEWARK 5, NEW JERSEY 


> 6wasnington, D.C. 
Los Angeles * San Francisco 
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Editor's Backet 


e@ A 23-page technical bulletin has just 
been issued by Argus Chemical Corp., 
633 Court St., Brooklyn 31, New York, 
on the stabilization of polyviny! chloride. 
The bulletin deals with barium-cadmium 
stabilizer systems and the applicability 
of various Argus Mark Stabilizers for spe- 
cific functions. 


@ RCL’s 1958 catalogue is now available. 
The four-color, 132-page catalogue con- 
tains the manufacturer’s complete line of 
200 items, ranging from Geiger Mueller 
detectors to transistorized multi-channel 
analyzers. Write: Radiation Counter 
Laboratories, Inc., 5121 W. Grove St., 
Skokie, Illinois. 


@ The Thermo Electric Manufacturing 
Co., 471 Huff St., Dubuque, Iowa, has 
released for distribution their new 20-page 
catalogue No. 57. It contains illustrated 
descriptions of their TEMCO line of 
laboratory and industrial equipment. 


@ ‘“Beryleo” beryllium oxide—a refrac- 
tory oxide of the light metallic element 
beryllium—is described in a new 8-page 
folder just issued by the Advertising Dept., 
Beryllium Corp., Reading, Pennsylvania. 


@ A new 32-page catalogue, Balances and 
Weights has just been published by 
Wilkens-Anderson Co., 4525 W. Division 
St., Chicago 51, Illinois. Included is a 
complete listing of analytical balances, 
laboratory seales, balance accessories and 
weights. Prices are shown. Copies of 
this catalogue are available upon request. 


MISCELLANY 


% Government scientists are conducting 
important experiments inside a rare, 
perfect “type 2,” 71/2 carat diamond con- 
fiscated from a smuggler. In a needle- 
sized hole drilled through the gem, they 
are testing materials at pressures up to 
450,000 pounds to the square inch. 
Through its clear sides any changes that 
occur in the sample are scanned under in- 
frared rays. 


* The Porter Chemical Co.’s, annual 
$1000 Chemeraft College Scholarship 
Contest is now being conducted for the 
third consecutive year. 

Essentially, this is a contest open to 
boys and girls up to and including thirteen 
years of age who are invited to submit an 
essay entitled “Why I Want to Be a 
Scientist.’”’ The contest runs until March, 
1958, when the entries are judged by a 
panel of scientists and educators. 


* Five new crystal lattice models have 
been added to the line of over a hundred 
different models manufactured by E. Ley- 
bold’s Nachfolger, Cologne, West Ger- 
many, and distributed in North America 
by Arthur §. LaPine and Co., 6001 S. 
Knox Ave., Chicago 29, Illinois. 

_The new models are of feldspar (KAI- 
SisOs), alpha-quartz I, alpha-quartz II, 
beta-quartz I, and beta-quartz II. The 
models consist of wooden spheres fixed 
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in position and permanently joined by 
metal rods. 


% High School Chemistry on Motion Pic- 
tures and Film Strips is the report of a 
study which was supported by the Fund for 
the Advancement of Education rather 
than the Fund for the Advancement of 
Science as erroneously stated in our 
December, 1957, issue. 


% The National Bureau of Standards has 
developed a technique using time-lapse 
photography to measure the rate at 
which a solid surface is attacked by a 
corrosive gas. 


% The Cryogenic Engineering Laborato- 
ries at Boulder, Colorado, have developed 
a catalytic procedure using hydrous ferric 


oxide for converting ortho to para- 
hydrogen which greatly simplifies liquid 
storage. Ordinarily, the ortho molecules 
are unstable at low temperatures and on 
conversion to para liberate heat which 
increases the rate of evaporation. 


x A most unusual Research Assistance 
Program was undertaken recently by 
Sigma Chemical Co., 3500 DeKalb St., 
St. Louis 18, Missouri. This Research 
Assistance Program is intended to assist 
non-profit laboratories throughout the 
world, by furnishing at no cost, research 
quantities of approximately 100. purines, 
pyrimidines, amino acids and miscellane- 
ous compounds. A list of the compounds, 
amounts available and official order blanks 
may be obtained from the company. 


In Wood Laboratory Furniture 
THERE'S NO SUBSTITUTE 
FOR EXPERIENCE 


a 


as 


When you're considering an invest- 
ment as important as educational lab- 
oratory equipment, look for qualities 
that give you the most for your money. 

Look for imaginative, practical de- 
sign. Look for superior materials. Look 
for outstanding craftsmanship. And, 
above all . . . look for experience. 

You get all these from Kewaunee. 
With a half century of experience in 
the educational field, Kewaunee has a 
rare understanding of classroom needs. 
With Kewaunee craftsmen averaging 


KEWAUNEE MANUFACTURING CO. i 
5014 S. Center Street, Adrian, Michigan 


more than 10 years on the job, Kewau- 
nee gives you unequalled workman- 
ship. And with many other wood- 
working and furniture plants nearby, 
Kewaunee’s skilled worker availability 
is unexcelled. 

You can expect more value from 
Kewaunee equipment — it’s planned 
and built for maximum efficiency, 
flexibility, long life and low cost. 

FREE CATALOG — showing complete line of 


Kewaunee Wood Laboratory Equipment and ac- 
cesscries. 200 pages. Ask for Catalog No. 57. 
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TECHTICAL 


TECHNICAL FURNITURE, INC. 
Statesville, North Carolina 


REPRESENTATIVES IN PRINCIPAL CITIES 


7 - . 
| 


Designed for years of daily continuous 
operation with minimum servicing 


VACUUM 


Extra Large Oil Reservoir . Greater Free Air Capacity 


Long Life and Dependable Service 


e Guaranteed Vacuum .02 mm. 
(20 microns) 


e Free Air Capacity 


33.4 Liters per Minute 


PRICE 
$150% 


Complete with Motor 


DISTILLATION PUMP 


SINGLE-STAGE CONSTRUCTION 


Pump Revolutions—300 RPM 
Motor—'/; HP—1725 RPM 
Tubing Required—/;-inch i.d. 
Over-all Dimensions of Mounted Pump 
195/s x 111/s x 155/s inches high 

It-tightening Provision 
Extra Supply of Duo-Seal Oil 


The large volume of oil dilutes the vapors which are a 
product of the distillation, thereby reducing sticking and 
corrosion of the pump mechanism. If the oil becomes 
too contaminated, it can be removed quickly and easily 
by means of the drain cock. The movement is simple, 
trouble-free and operates quietly. 


1404H. WEGNER PUMP, Motor Driven. 1404F. WEGNER PUMP, Motor Driven. 


For 115 volts, 70 Cycles A.C. 


Each, $150.00 For 115 Volts, D.C. Each, $200.00 
For attached Belt Guard, add $17.50 to prices. 


14041. WEGNER PUMP, Motor 
For 230 volts, 60 Cycles, A.C. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparat 


F 1404. WEGNER PUMP, Unmounted. 
Driven. With pully, but without motor, belt, or base. 
Each, $152.00 Each, $115.00 


ESTABLISHED 1880 
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PUBLICATIONS 


A new edition of one of the most successful texts ever published, 


a unified approach to the study of the physical sciences, and 
a modern structural approach to the elements of chemistry . . . 


COLLEGE CHEMISTRY, 
2nd Edition 


by PAUL FREY, Colorado State 
University 


With well over 100,000 copies of 
the First Edition of College Chem- 
istry in print, Paul R. Frey has now 
prepared a new 1958 Second Edi- 
tion—based on a critical evaluation 
of the comments and suggestions 
of the tremendous number of users 
of the First Edition. The new, 
updated edition provides the same 
thorough treatment of fundamental 
principles with a good balance be- 
tween theoretical and descriptive 
chemistry that has already given 
so many students a sound back- 
ground for their future work. The 
over-all organization of the book 


is based on a_ concept-building. 


process, as before. Now, however, 
the large blocks of difficult theory 
are interspersed with the easier 
factual information—giving the text 
better pacing from the student’s 
standpoint. And technical terms 
are kept to a working minimum 
and completely defined in their 
most modern sense when they first 
occur. Wherever possible, subject 
matter has been divided into quali- 
tative and quantitative aspects for 
maximum flexibility. A new 1958 
Second Edition of King, Slabaugh, 
Splittgerber and Frey’s Laboratory 
Manual for College Chemistry will 
be available this Spring. Designed 
to accompany College Chemistry, 
2nd, it is also usuable with any 
similar text. 


Approx. 700 pp. ° Pub. Jan. 1958. 
llus. © Text price $6.95 


COLLEGE PHYSICAL 
SCIENCES 


by WENDELL SLABAUGH, Oregon 
State College, and ALFRED B. 
BUTLER, State College of Wash- 
ington 
This new text features an unusually 
complete integration of the four 
basic areas of physical science. 
This integration is based upon the 
successive treatment of mechanical, 
electrical, chemical, heat and nu- 
clear energy, followed by an im- 
mediate application of the funda- 
mentals of these forms of energy to 
geology, astronomy, meteorology 
and other areas of physical science. 
A firm understanding of the basic 
principles and methods which have 
the greatest importance to the stu- 
dent is provided and accordingly 
there is a maximum of correlation 
throughout of the various areas of 
physical science. You have here 
a unified approach to the general 
study of physical science, empha- 
sizing and correlating the soundest 
principles of science, including 
physics, chemistry, geology, astron- 
omy and meteorology. The prob- 
lems are thought-provoking, requir- 
ing an understanding of the spe- 
cific material concerned and the 
principles underlying the specific 
application. Thus they entice the 
student to consider other, original, 
applications of the principle. 
608 pp. . Pub. March, 1958. 
Text price $7.95 


BASIC PRINCIPLES OF 
CHEMISTRY 


by J. RAE SCHWENCK and 
RAYMOND M. MARTIN both of 
Sacramento Junior College 


Using the modern structural ap- 
proach authors J. Rae Schwenck 
and Raymond M. Martin empha- 
size the fundamental principles 
rather than the facts of chemistry. 
The authors hold that the logical 
presentation of principles, illus- 
trated with facts, makes other facts 
of chemistry predictable. As a re- 

t, their text provides for “a 
study of the elements of chemistry 
rather than the chemistry of the 
elements.” The subject matter 
selected for the text embraces 
those basic principles which pre- 
pare a student (1) to apply chem- 
istry most effectively in the sev- 
eral applied vocational fields, and 
(2) to pursue future courses in 
qualitative and quantitative anal- 
ysis, and organic, inorganic, and 
physical chemistry. Schwenck and 
Martin’s Basic Principles of Chem- 
istry 4 an entirely new ap- 
proach to the orderly, unified pres- 
entation of chemical principles. 
Since chemistry deals with the na- 
ture and causes of changes occur- 
ring when a substance is trans- 
formed into a different substance, 
this text starts with an explanation 
of the structure of matter. Matter 
is viewed (1) as atoms compos 
of subatomic particles, (2) as ions, 
(3) as molecules, and (4) as 
groups of elements whose struc- 
tural forms determine the charac- 
teristics of chemical families. Basic 
Principles of Experimental Chem- 
istry, the new lab manual by 
Schwenck and Martin designed to 
accompany the text, has a similar 
breakdown, but it also includes a 
section on qualitative analysis. 
384 pp. Manual price $3.95 


Approx. 448 pp. «+ Pub. March 1958. 
Mus. © Text price $6.75 


To receive approval copies promptly, write: Box 903 


PRENTICE-HALL, Inc. 
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YOUR MOST 
EXACTING LABORATORY 
SPECIFICATIONS 
ARE MET BY 


VITREOSIL 


FUSED QUARTZ 


TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in all normal lengths and 
diameters. Useful up to 1000° C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transparent, 
free from chemical impurity—the trans- 
Parent grade offers the best ultra- 
violet transmission. 


CRUCIBLES © RETORTS MUFFLES 
DISHES e TANKS @ POTS e TRAYS 


Crucibles made of VITREOSIL guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
trical heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
sizes and types. Trays and other 
VITREOSIL ware in many sizes from 
pe meng or prompt delivery of speciai 
sizes. 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 


GRADED SEALS 


Corrosion-resistant VITREOSIL equip- 
ment is impervious to all organic and 
inorganic chemicals even at very high 
temperatures, regardless of concentra- 
tions, except strong caustics and hy- 
drofluoric acid. Outstanding electrical 
and high temperature properties, 
strength, impermeability. In stock sizes 
for immediate shipment. Custom items 
to order. Write for our information 
bulletins and prices on wanted items. 

our ad in Chemical Engineering 
Catalog. 


THERMAL AMERICAN 


~~ FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


Please send illustrated bulletin or informa- 


tion on 


Name Title. 
Street 
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the cost has advanced with each successive 
volume of the series. It is understood 
that full-time students may now purchase 
any of these volumes at a reduced price; 
this action by the editorial board and. 
publisher is highly commendable. 

The reviewer will refrain from a discus- 
sion of his more favorite topics included in 
this volume; suffice it to say that each 
chapter meets the high standards which 
chemists have come to expect of each new 
volume of the series. 


ROBERT K. INGHAM 
Oxn1o UNIVERSITY 
Atuens, 


CHEMISTRY, VISUALIZED AND APPLIED 


Armand J. Courchaine, Biochemist and 
Laboratory Supervisor, Philadelphia 
General Hospital. Second edition. G. 
P. Putnam’s Sons, New York, 1957. 
vi + 687 pp. 122 figs. 15 X 21.5 
cm. $5.50 


As THE title of this book suggests, there 
is much more attention to descriptive 
details concerning chemical properties and 
uses than to systematic development of 
chemical principles. In those sections 
where theories are considered, the discus- 
sion is often rather brief. Several of the 
earlier chapters in this work cover in a 
few pages the topics which many authors 
would consider in a dozen. For example, 
Chapter 2 (45 pages) entitled Matter 
includes such diverse topics as physical 
states, atoms and molecules, structure of 
atoms, atomic and molecular weights, 
valence, laws of chemical combination, 
formula writing, chemical equations, cal- 
culations based on equations, types of 
chemical reaction and physical properties 
of substances. The scope is rather broad 
for one single chapter. Chapter 5, like- 
wise, starts with a ten-page summary of 
the properties of some 17 common ele- 
ments, continues with a brief interlude 
concerned with the periodic table, then 
launches into a discussion of radioactivity 
and nuclear phenomena. This latter 
section needs a considerable amount of 
revision. 

The following statements are illustrative 
of the many which need correction: 
“The cyclotron. . .is capable of imparting 
.. energy. . .to neutrons” (p. 111). ‘“Cad- 
mium and boron absorb neutrons without 
undergoing any change in mass” (p. 113). 
“In 1948 mesons, each with a mass of 
only 1/313 of the planetary electron of the 
atom, were created. . .(p. 113). 

Many chemists also will object to 
C+4O.-~(p. 31) and He* | (p. 174). 
The inclusion of a single illustrative equa- 
tion, that of the hydrolysis of sucrose, in a 
section entitled Hydrolysis of Salts 
(p. 207), is completely misleading. 

The second part includes within its 
160 pages as comprehensive a survey of 
organic chemistry as can be expected in a 
work of this type. The treatment of this 
branch of chemistry is‘perhaps a bit more 
complete than that usually found in the 
general course. Once again attention is 


(Continued on page A72) 


Supplements for each chap- 
ter make the book usable 
for either the one-semester 
or the two-semester course. 


Sixty pages of introductory 
concepts; 480 pages of 
basic text; 222 pages of 
advanced Supplements. 


ELEMENTARY 
QUANTITATIVE 


ANALYSIS: 
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W. J. Blaedel 
V. W. Meloche 


University of Wisconsin 


No. Illustrations. ..........130 
No. Experiments. ..........29 
Illustrative examples.......209 
Questions and problems... 1543 
Pages of Appendices.......18 
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Row, Peterson & Co. 
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New! 


EMULSIONS—Theory ana Practice 


ACS MONOGRAPH NO. 135 
by PAUL BECHER, Atlas Powder Company 


All modern developments in the theory and practice of emulsions are clearly explained in this new meaner. It 
begins with the facts and theories of surface chemistry relevant to emulsions, and the physical properties of emul- 
sions as a function of emulsion composition. Next, the theories of emulsion stability, and manifestations of 
instability (such as inversion, creaming, and complete demulsification) are covered. The volume also contains 
discussions of the chemistry of emulsifying agents, emulsifier efficiency as a function of composition, and the 
technique of emulsification, including the various types of emulsators. It offers practical formulation of numer- 
ous emulsion types, and describes the commercial aspects of demulsification. 

Two useful appendices deal with the measurement of emulsion properties, and commercially available emul- 


sifying agents. 
1957, 392 pages, $12.50 
CONTENTS: Introduction; Surface Activity; Physical Properties of Emulsions; Wem: at Emulsions: any Theory 
m 


of Emulsions: Creaming, Inversion and Demulsification; The Chemistry of Emulsifying Agents; Technique of Emulsifica- 
tion; Emulsion Applications; Demulsification; Appendix A: Testing of nen Ted Properties; Appendix B: Com- 
mercially Available Emulsifying Agents. 


Other New Reinhold Technical Books 


DANGEROUS PROPERTIES OF SOURCE BOOKS OF INDUSTRIAL SOLVENTS 
INDUSTRIAL MATERIALS Volume 2: Halogenated Hydrocarbons 


Contains the essentials of all modern developments . . . 


Edited by N. IRVING SAX, 
Nuclear Development Corp. of America 


This monumental volume is the eagerly awaited successor to 
Sax’s “Handbook of aes Materials.” The immediate and 
outstanding success of the original book was due to the need 
for a convenient reference work on the hazardous properties of 
chemical compounds and other industrial materials to enable 
chemists, engineers or nontechnical personnel to find quickly 
whether a given compound or material is dangerous A what 
oer measures must be taken. The new volume now 
this need to perfection. It is an entirely rewritten and 
tremendously expanded version of the original work. 


1957, 7” X 10’, 1,476 pages, $22.50 


CATALYSIS IN PRACTICE 


Edited by C. H. COLLIER, E. I. du Pont de Nemours & Co. 


Here are the actual methods, economics and problems of cataly- 
sis as seen by ten leading practitioners in the chemical process 
industries. This k contains the essence of many years 

Eis experience with realistic catalytic operations. It is 
ased on an “EXPERIENCE IN INDUsTRY” SyMPoOsrIUM jointly 
sponsored by the Philadelphia-Wilmington Section of the 
American Institute of Chemical Engineers and the University 


of Pennsylvania. Included are concise chapters in catalyst: 


choice and commercial preparation; fixed bed systems and mov- 
ing bed processes; economics of —- use; operating prob- 
lems in processing; and a truly helpful appraisal of trends and 


Prospects in catalysis. 
1957, 164 pages, $3.95 


by IBERT MELLAN, Pioneer Laboratories, Inc. 


The second in a series of four volumes, this unique reference 
work ae a concise picture of the composition and proper- 
ties of industrial solvents. It is a practical source of informa- 
tion, written especially for active members of the great 
industries which utilize solvents. This second volume is devoted 
to halogens, fluorinated hydrocarbons, chlorinated hydrocarbons, 
brominated hydrocarbons, and iodinated hydrocarbons. Com- 
mercial and proprietary names are used in lieu of chemical 
nomenclature; the solvents are classified in accordance with their 
distillation range; and a wide spectrum of properties is given 
in tabular form for each solvent. 

Vol. 2, 1957, 270 pages, $7.00 


New Second Edition 


TEXTILE CHEMICALS AND AUXILIARIES 
with Special Reference to Surfactants 


Edited by HENRY C. SPEEL and E. W. K. SCHWARZ, 
Chemical Consultants 


This is the second, revised edition of an excellent compilation 
of descriptive material pertaining to all commercially important 
chemicals used in the processing of textiles. The 24 pters 
are written by one or more men well qualified in the specialty 
covered. In addition, market estimates (many never before 
published) occur throughout the text. This latter feature is 
entirely new to the second edition. Every chapter contains 
such a wealth of data that the book will be used as a reference 
source by all chemists and engineers in the textile processing 


field. 
1957, 552 pages, $13.50 


Send today for your ON-APPROVAL copies 


REINHOLD PUBLISHING CORPORATION - Dept.M-233 - 430 Park Avenue, New York 22, N.Y. 
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directed particularly to properties and 
uses of those compounds which are of 
particular significance in medical science. 
There is minor attention to synthesis and 
theoretical principles. 

The third part dealing with physiological 
chemistry is one of the more complete 
and up-to-date texts known to the re- 
viewer for student nurses. The illustra- 
tions dealing with chemical reactions tik- 
ing place on foods in the gas-trointestiiial 
tract during the process of digestion «re 
commendable. 

It may be that in the current rash of 
new types of chemistry courses, there is 
a place for a high-level course based upon 
an outline similar to Courchaine’s. It 
seems reasonable to suppose that students 
of psychology, biological sciences, educa- 
tion, pre-meds and others may find this 
type of course more valuable than one 
emphasizing applications chosen largely 
from the inorganic process industries, 
Authors of chemistry texts for student 
nurses, such as that of Courchaine, may 
have given us the blueprint of another 
fruitful approach to the study of chem- 
istry. 


DONALD §. ALLEN 
Strate University TEACHERS’ COLLEGE 
New Patz, New York 


SYSTEMATIC ORGANIC CHEMISTRY 


Hugh C. Muldoon and Martin I. Blake, 
North Dakota State College, Fargo. Mc- 
Graw-Hill Book Co., Inc., New York, 
1957. viii + 828 pp. 54 figs. 16.5 x 
23.5 cm. $7.75. 


As sTaTED in the preface, ‘Modern 
ideas of bond formation and of pure and 
hybrid bonds . . . are included.’’ Aside 
from the usual brief mention of the hy- 
bridization of carbon, the remainder of 
this topic is covered with the rather in- 
accurate statement that (p. 29) ‘“Hy- 
bridization of orbitals is not to be ex- 
pected in nitrogen, oxygen, and fluorine, 
since they have no vacant 2 p orbitals to 
which an s electron may be elevated.” 

The concept of mechanism in organic 
reactions is introduced on page 72 with a 
discussion which cannot help but be mis- 
leading to a beginning student: “The 
electrons forming a chemical bond are al- 
ways in motion. It can be reasoned that 
at times the electrons forming the double 
bond in ethylene can be shifted close to one 
of the carbons participating in the bond: 


H H HH 


The authors presumably intended by 
this equation to mean that 


B.S 


is a reactive intermediate. They clearly 
suggest this with another equation: 


(Continued on page A74) 
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Pergamon 
Press 


PHYSICAL CHEMISTRY 


By E. A. MOELWYN-HUGHES, D.Sc. (Liverpool), D. Phil. (Oxon), Sc.D. (Cantab.) 


This is a carefully planned, critical and scholarly work, and as such should prove helpful also to research workers 
and teachers who desire conversance with modern mid-century physical chemistry. The whole of physical 
chemistry is approached first from the experimental point of view and next from the standpoint of the partition 
function. Equal emphasis is placed on experiment and theory and the notation throughout is uniform. When the 
partition function is not known, the standard procedure of thermodynamics is followed. The book, including a 
large number of tables of data, is completely up-to-date. $15.00 


CHEMISTRY PROBLEMS IN JET PROPULSION 


By S. S. PENNER, Daniel and Florence Guggenheim Jet Propulsion Center, California Institute of Technology 


The emphasis of this work varies between qualitative surveys of basic principles and more detailed discussions of 
selected topics in combustion. The objective of the chapters on atomic and molecular structure is to provide a 
sensible appreciation of modern concepts derived from application of wave mechanics. On the other hand, the 
detailed method of solution of the Schrodinger equation is outside the scope of the treatment. A survey of 
the molecular structure is included. The subject of combustion thermodynamics is treated in detail. The last 
part of the book is devoted to a discussion of applications of chemical kinetics with the emphasis on the interplay 
between aerodynamics and chemistry. Indexes and extensive bibliography are included. $12.50 


Proceedings of the Sixth International 


CONFERENCE ON SPECTROSCOPY 


Held At Amsterdam In May 1956 


Proceedings edited by Prof. Dr. W. VAN TONGEREN and F. FREESE with the cooperation of E. H. S. 
VAN SOMEREN 


CONTENTS: I. Flame Spectroscopy. II. Emission Spectrometry. III. Arc Emission. IV. Spark Emission. 
V. Emission (General). VI. Instrumentation (Emission). VII. Instrumentation of Absorption Methods. 
VIII. Ultra-violet Absorptiometry. IX. Infra-red Spectroscopy. $25.00 


TETRAHEDRON 


The International Journal of Organic Chemistry—FOUNDED BY SIR ROBERT ROBINSON 


Assisted by an International Honorary Editorial Advisory Board under the co-chairmanship of Sir Robert Robinson and 
Professor R. B. Woodward. 


Tetrahedron covers all aspects of organic chemistry, whether theoretical or practical, analytical or synthetic, 
physical or biological, including papers on applied chemistry which have a pure organic chemical content. The 
Journal publishes original memoirs, preliminary communications and notes. 


SUBSCRIPTION PRICE: (A) $17.00 per volume (Postage included) for institutes, libraries, firms, government offices and similar 
merce el (B) $15.00 per annum (Postage included) for individual subscribers certifying that they require the journal for their 
private use only. 


WRITE NOW ... For a free copy of our comprehensive NEW 1958 CATALOG. 


Pergamon Press 


New York - London - Paris - Los Angeles 
122 East 55 Street, New York 22, New York 
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H 


H H H 
+Xt— 


The conversion of ethylene into a zwitter 
ion prior to reaction seems to be a rather 
novel belief on the part of the authors; 
however, it is presented in such a way that 
the beginning student might very well 
believe that this is in fact the way in 
which ethylene and other alkenes behave. 

The concept of resonance is introduced 
in Chapter 6 entitled Resonance, Alka- 
dienes, Rubber, and includes the state- 
ment: “A molecule of this kind is con- 
sidered to resonate among all its possible 
structures.’’ This is the type of mislead- 
ing statement all too frequently en- 
countered in textbooks and which gives 
the student the erroneous impression 
that resonance is a physical phenomenon 
rather than a descriptive convention 
necessitated by an originally inadequate 
description of chemical bonding. 

On page 239 under the reactions of acids 
there appears the information that ‘“in- 
dustrially, lithium aluminum hydride and 
hydrogen at high pressure reduce acids 
directly to alcohols’ and the equation: 


RCO.H + 2H, LiAlH, 


pressure 
R — CH,0H + H;0 


The reviewer would appreciate receiving a 
note of explanation from the industry 
carrying out this process. 

Although the authors have included a 
short explanation of displacement re- 
actions in terms of the Syl and Sy2 
mechanisms (p. 117), on the previous page 
and throughout the book, the old lasso 
appears. This picturesque device was of 
doubtful pedagogical value before any- 
thing was known about the mechanisms of 
reactions. In a current text it is quite mis- 
leading. 


H H 
Br+ K 
H H 
+ KBr 


An equation written in this way would 
seem to say to any reasonably wide-awake 
student that the potassium ion somehow 
pulls the bromine atom away from the 
ethyl group and that the remaining frag- 
ments recombine. This cannot help but 
leave a lasting and erroneous impression 
of the particular reaction in question and 
chemistry in general. 

The glossary on page 771 is devoted 
almost exclusively to medical and bio- 
logical terms. Perhaps this space might 
have been better occupied by a clarifica- 
tion of the fundamental terms essential 
to an understanding of organic chemistry. 


M. W. CRONYN 
Reep 
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NEW BOOKS FROM OXFORD 


An Introduction to 


Chemical Thermodynamics 


By EDWARD F. CALDIN 
Senior Lecturer in Chemistry, University of Leeds 


This textbook treats the first and second laws of thermodynamics fully as the founda- 
tion for the definition and use of the free energy entropy, and other thermodynamic 
functions. These are applied to pure substances, phase changes, solutions, and 
chemical reactions. The third law is carefully considered. 86 text figures. $8.00 


Contact Catalysis 


By R. H. GRIFFITH 

Director, London Research Station, The Gas Council 
and §. D. F. MARSH 

The North Thames Gas Board 


The second edition of this work, The Mechanism of Contact Catalysis, was published 
in 1946 and went out of print in 1954. For this third edition the title has been 
shortened and the work rewritten to account for ten years of great activity in the 


theoretical and experimental study of heterogeneous catalysts. 116 text —_. 
.00 


The Chemical Industry 


During the Nineteenth Century 


A Study of the Economic Aspects of 

Applied Chemistry in Europe and North America 
BY LUDWIG F. HABER 

Sales Research Department of Imperial Chemical Industries 


This history traces the chemical industry starting with its eighteenth century fore- 
runners and carrying the account down to 1900. It emphasizes dyestuffs, sulphuric 
acid, soda ash, caustic soda, and bleaching powder because these products were 
critical in the development of the industry. Text figures. $7.20 


A History of Technology 
Volume III: From the Renaissance to 
the Industrial Revolution c. 1500 to c. 1750 
Edited by CHARLES SINGER, E. J. HOLMYARD 
A. R. HALL and TREVOR I. WILLIAMS 


Subjects new to this Volume include coal mining; figured fabrics; town planning 
from the Ancient World to the Renaissance; land drainage and reclamation; print- 
ing, cartography, survey, and navigation; and mechanical timekeepers. 696 text 
figures. $26.90 


At all bookstores 


OXFORD UNIVERSITY PRESS, INC., 114 Fifth Avenue, N. Y. 11 
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New Academic Press Book 


CHEMISTRY 


By John T. Edsall, Harvard University 
and Jeffries Wyman, vvzsco, Cairo, Egypt 


Volume 1 


THERMODYNAMICS, ELECTROSTATICS, 
and THE BIOLOGICAL SIGNIFICANCE 
OF THE PROPERTIES OF MATTER 


January 1958, 699 pp., illus., $14.00 


Biophysical Chemistry is based on a course taught 
by the authors dealing with the physical chemistry 
of biochemical systems. Emphasis has been placed 
on broad general principles and fundamental con- 
cepts in order to provide the reader with the basic 
understanding of the quite difficult problems of 
current interest in the field of biophysical chem- 
istry. 

Volume 1 presents a lucid discussion and a detailed 
analysis of the biological significance of the prop- 
erties of matter. The second volume will deal with 
the physical chemistry of biological macromolecules, 
and their study by such methods as osmotic pres- 
sure, light scattering, diffusion, sedimentation, vis- 
cosity and electrophoresis. 

These volumes will be found indispensable to 
graduate students and advanced undergraduates 
familiar with the fundamentals of differential and 
integral calculus. They will also be of basic interest 
to investigators in organic and physical chemistry, 
biology, and biochemistry. 


CONTENTS: Biochemistry and Geochemistry. 
Water and Its Biological Significance, Problems 
of Protein Structure. Thermodynamics. Electro- 
statics: Its Application to Polar Molecules and 
Ionic Solutions. Dielectric Constants and Their 
Significance. Conductivity of Electrolytes. Acid- 
Base Equilibria. Polybasic Acids, Bases and 
Ampholytes, including Proteins, Carbon Dioxide 
and Carbonic Acids. Some General Aspects of 
Molecular Interactions. AUTHOR INDEx—SuBJECT 


INDEx. 
Volume 2, in preparation 
PHYSICAL CHEMISTRY OF 
MACROMOLECULES AND OF BLOOD 
Special leaflet available upon request. 
ACADEMIC PRESS INC. 
PUBLISHERS 
111 Fifth Avenue, New York 3, New York 


ALLYN and BACON ANNOUNCE 


. A lucid and complete exposition 
the major chemical principles . . . 


PRINCIPLES OF 
CHEMISTRY 


by Donald C. Gregg 


Principles of Chemistry makes an original 
approach in using water as a model com- 
pound to illustrate the modern theories of 
solvation of ions and molecules, the nature 
of hydrogen bonding, redox reactions and 
acid-base behavior. 


To simplify and clarify the application of chemical 
principles, this new text places continual emphasis on 
two important generalizations. 


1) Structurally speaking there are two main types 
of compounds, the ionic and the covalent. 


2) There are essentially two main types of ordi- 
nary chemical reactions, oxidation reduction and acid 
base. 


PRINCIPLES 
OF 

CHEMISTRY 
uses descrip- 
tive chemistry 
to enrich the 
principles that 
it teaches. 


for your examination copy write to: 


Arthur B. Conant 


Allyn and Bacon College Division 
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Now IN POWDER FUNNELS 


The only polyethylene POWDER FUNNELS with parallel stems 
minimizing bridging of powder. 60° angle. 


PF-65 
Top Diam. (mm) 65 
Stem « “ 15 
«Length “* 25 


PRICE Single - 48 ea. 
Doz. Lots .40 
Case Lots -32 

(72 pes.) 


FUNNEL F-65 for 
filtration. Unbreakable polyethylene fun- 
— perfect for general chemistry. 60° 
angle. 


Top Diam. (mm) 
Stem 
« Length “ 
PRICE Single 
Doz. Lots 
Case of 72 


The leading ly houses or direct. 
Bend © somplete lin line—Minimum order 


PIONEER PLASTICS 


Box 38 Far Hills Branch Dayton 19, Ohio 


CHEMISTRY 
VISUALIZED 
AND APPLIED 


1957 Second Edition — Completely revised 
By ARMAND J. COURCHAINE 


. Since this text appeared a few years 
i ago it has steadily gained recognition 
and popularity for the survey courses | 
— th undergraduates in college 
chemis 
"| The new edition has preserved the 1 
| features which made the first book a 
standout while at the same time the I 
I author and editor have accomplished | 
i > exceptionally fine job in bringing it ] 
thoroughly up to date. 
Wew want teachers and instructors to 
know this book. A card will bring you 
a complimentary copy for consideration 
I as a text for your next class. | 
I 
L 


702 Pages Profusely Illustrated 
Full Inder $5.50 


Address your request to: 
Educational Dept. 


G. P. PUTNAM’S SONS 
210 Madison Ave., New York 16, N. Y. 


Special forming techniques have resulted in a porous 
disc formed into the crucible wall in such a way as to 
prevent cracking or dropping out during ignition or 
use. Made of the same high quality materials as 
Coors Chemical Porcelain, the disc will not disinte- 
grate when acids (except HF) or moderate alkaline 


solutions are in contact with the porous medium. 
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Porous Bottom 
CRUCIBLES 


EXCEPTIONALLY HIGH AND UNIFORM QUALITY 


Developed after years of experimentation and exhaus- 
tive testing this superior crucible will serve many 
purposes in the laboratory. The very fine (1.2u) po- 
rosity will be useful in bacteriological work, the fine 
(5u) porosity for filtering fine precipitates, and the 
medium porosity (15u) for more rapid filtration of 


DESCRIPTIVE 
BULLETIN 
UPON 
REQUEST 


precipitates. 


Coors PorcELAIN COMPANY 
- GOLDEN, COLORADO 
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Rinco Rotating 
Vacuum-Type Evaporator 


Speed evaporation of solvents of low volatil- 
ity four or five times—varying with solvents. 


Adaptable for volumes of 1 ml to 500 ml. Utilizes the 
principle of the spreading out of a thin film over large area 
and subjecting to negative pressure. Can be used in single 
or multiple units. At 20°C, 30 ml of water will be evaporated 
in 30 minutes. Especially useful with biological extracts or 
heat-sensitive compounds; will operate faster with increased 
temperature, if sample permits. Consists of a monel metal 
shaft with a $ 19/38 joint at lower end. Shaft rotates on 
oilite bronze bearings; Teflon ring seals; monel metal hous- 
ing. Use with standard pump and trap, or standard aspirator. 
Flasks rotate at 93 r.p.m. 
39474—Rinco Rotating Vacuum-Type Evaporator, with ¥ 

19/38 joint to accommodate small flasks, such as 50 ml; 

with induction type motor; for 115 v., 60 cycles, A.C. 

$114.50 
39475—Rinco Evaporator, with brush-type motor. . $96.50 
80820D— Adapter, “‘Pyrex’’ Brand, for adapting 19/38 joint 

of Rinco Evaporator to larger flasks, having a $ 24/40 

joint, each $1.83 


New Rinco “Solvent Recovery Condenser” 

Valuable accessory to Rinco Evaporator. Connects to flask 
of Rinco Evaporator with standard taper ground glass joints. 
Rotates with evaporating flask. Recovers in excess of 75% 
of solvent. Increases speed of evaporation 2 to 3 times. 
Easy to cool with cold water or ice. Protects vacuum pump 
and system from corrosive solvents. 


39477—Solvent Recovery Condenser, standard size, 1000 - 


ml, with 500 ml working capacity, § 24/40 ground glass 
joints, (Other sizes available on request) Each. . . . $16.00 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury St. Lovis 12, Mo. 


Hot Plate — Magnetic Stirrer 


New low cost—plus 
advanced design features 


Now you can heat and stir simultaneously 
with WACO AGITHERM. Heavy-duty in- 
dividual controls allow use of either stirrer or 
hot plate independently when desired. 


The 500 watt hot plate can be set thermo- 
statically at any temperature up to 600° F. 
Pilot light indicates when heat is on. The 
perforated stainless steel case assures cool 
operation of motor. Compact design, 614” 
diameter by 5” high. 


No. JC-84500 Agitherm Stirrer Hoi Plate, com- 
plete with one each glass and Teflon covered 
stirring bars 4x 114", for 115 volt, 60 cycle, 


AC. ... $67 
ORDER NOW! 


LOS ANGELES ° SAN FRANCISCO ° SEATTLE 
DENVER © MINNEAPOLIS KANSASCITY ¢ DALLAS 
NEWORLEANS ATLANTA WASHINGTON, D. C. 


“\ LABORATORY SUPPLIES AND CHEMICALS 
AN WILKENS-ANDERSON CO. 


4525 W. DIVISION ST., CHICAGO 51, ILLINOIS 
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HERSHBERG MELTING POINT. APPARATUS N FW! 


Research Model #1 


with THIRD EDITION IN MARCH 


EXPERIMENTAL 


* Spring holder for thermometer. by NECKERS, ABBOTT, and VAN LENTE 


* Ready to plug in connections. 
Designed for the laboratory work in the broad course in general 
chemistry, this manual stands alone in its unusual thoroughness, its 
Pri plete " 
a. ae $65 : attention to detail, and its use of pertinent questions training the 
student in concise and deductive thinking. 


NEW FEATURES: Experiments on Atomic Structure and Freezing 
en powerstat is needed for and Boiling Point. 


i Section on Qualitative Analysis: 1. Reactions of 
the Cations; Il. Analysis of the Cations. 


A preliminary excercise for each experiment 
saves time in the laboratory—Instructor’s check 
points prevent waste and organize supervision. 


317 pp. (est.) $3.50 (approx.) 
Manufacturers of 
Scientific Glass Apparatus and Instruments THOMAS Y. CROWELL COMPANY New York 16, N.Y. 


‘27-09 40th Avenue « Long Island City 1, N. Y. 
Now avakadl, | 


Acenaphthylene; Acetobromo: 
Aconitic Acid yy Acridine Hydrochloride; 


Arachidonic Aci 1-Argininamide, 
Atopic Acid Bacitracin; Behenic Acid, 
Cellul Cerotic Acid 


benzoate 
Col Chloride, 


Tetrescetic 
Gitoxin; cid; Gluco- 
Phosphate; 
Glycyltyrosine; Heparin; Hexo- 
Acid; a-Hy 12-Hydroxystearic acid; 

o-lodorobentoic Acid; Isoascorbic Acid; Isocitric Acid, 
Acid; Acid; Leucylglycine; Leucyltyrosine; 
Acid, Amide; Margatic Acid; Menthol Glucuron- 

ide; 8-Mercaptopropionic Aci Mescaline Sulfate; 

Methylnonylketone; 8-Naphthaleneacetic 

Nordi eroens waiaretic Acid; Osmic Acid; Para- 
benic Acid; Penicillinase, eroxidese; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Pregnenolone; 
Protocatech id; Purourogallin; Pyrimidine; Reductic 
 Sohingomyelin; Sphin- 
idine; Sulfaquinoxaline; Tentalum Chloride; o-Ter- 


FOR: The selective filtering lenses 
P in PARR Glassblowers’ Gog- 
Glassblowing gles block out the objection- 
and other able yellow glare always 
present in glassworking oper- 
tasks ations. They transmit only a 
trace of yellow light without 
seriously reducing the inten- 
a dazzling sity of red and other colors 
in the visible spectrum. Avail- 
able in lightweight safety 
frames, also in a clip-on style, 
each complete with case. 


obscured by 


yellow flame je, Sodium Fluoroecetat. 


Order from any Parr Dealer, or write direct for Spec. 4200. 


Ask us for others! 


DELTA CHEMICAL WORKS inc. 


é 23 West 60th St. New York 23,4 
Telephone Plaza 7-6317 | 


JOURNAL OF CHEMICAL EDUCATION 


° 
> 
‘ \ 
H 
P 
b 
b 
0 
t 
I 
0 
| 
f 
; 
4 
A80 


a> 


Energy, Heat or Electricity Production 
Submitted by: F. B. Dutton, Michigan State Uni- 


versity, East Lansing 
Checked by: Burton Cardwell, Maywood, Illinois 


PREPARATION 


Part A: Provide a 600-ml. beaker, '/; full of saturated CuSO, solution, pow- 
dered zinc; a second 600-ml. beaker with a funnel; funnel support, fluted filter paper, 


and stirring rod. 


Part B: Provide a one-liter beaker nearly filled with saturated CuSO, solution, 
with a porous cup suspended in the solution. Nearly fill the porous cup with 1 NV 
ZnSQ,. Immerse a copper foil electrode in the CuSO, solution and a Zn electrode 
in the ZnSO, solution. Connect electrode to a 1.5-volt flashlight bulb or to a 


voltmeter. 


DEMONSTRATION 


Part A: Pour about 25 g. of zinc powder into the CuSO, solution in the beaker; 
stir. Note the heat evolved. Filter. The filtrate should be colorless. 


Part B: Close the circuit to show that a portion of the energy is released in the | 


form of electricity in this case. 


Journal of Chemical Education + February, 1958 


Photochemical Reaction 
of Hydrogen and Chlorine 


Submitted by: Dwight F. Mowery, Jr., New Bedford 
Institute of Textiles and Technology, New Bedford, 
Massachusetts 

Checked by: Frank J. Gomba, U. 8. Naval Academy, 
Annapolis, Maryland 


PREPARATION 


A good quality natural rubber uncolored “paddle 
balloon” of at least 3-in. uninflated diameter is attached 
by a heavy rubber band to a one-hole rubber stopper 
of somewhat larger size than the neck of the balloon. 
A short glass tube, carrying a length of heavy-walled 
rubber tubing closed with a screw clamp, is inserted into 


the hole of the rubber stopper and the whole assembly 


is clamped to a ring stand. 


DEMONSTRATION 


After first removing all the air, the balloon is filled 
to a diameter of about 7 in. with Cl. gas and then to a 
diameter of about 10 in. with H: gas from lecture bottles. 
A 275-watt 110-volt a.c. sunlamp or 375-watt photo- 
flood lamp (General Electric 34R4 or RFL2) is placed 
about 6 in. from the balloon and then switched on. 


After a short irradiation with the sunlamp or almost at 
once with the photoflood lamp, the balloon explodes 
loudly, liberating a harmless quantity of HCl and 
excess gases. 


Small poor quality balloons have a tendency to burst 
without exploding if inflated as directed above. The 
balloons recommended lie flat and are shaped like a 
paddle when uninflated. They are available in most 
Woolworth, Kresge, and other novelty stores. It is 
suggested that samples from a given lot of balloons be 
tested in an open front fume hood prior to use in an 
unventilated lecture room. 

See Alyea Tested Demonstrations in General Chemistry, experi- 


ment 20-8 and accompanying footnote. J. Cuem. Epvuc. 33, 
A327-8 (1956) or combined reprint, 1957. 


Journal of Chemical Education + February, 1968 
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CHEMICALS 
SERVICES 


CHEM ED BUYER'S GUIDE | 


a ALL PURPOSE Send for our 1957 - 1958 
LABORATORY 


Catalog listing the finest 
TIMER 


organic chemicals available 
Giant 8” dial 


H&S CHEMICAL 
Split-Second Accuracy Portable Mount Models 


CORPORATION 
Automatic Switching Panel Mount Models y " 


FEATURING: 
3600 settings 


Built-in-Buzzer Precision Construction 
WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


Dayton, Ohio 


168 EATON STREET 
BUFFALO 8, NEW YORK 


| LITHIUM TUNGSTATE I 
ZINC TUNGSTATE 

CHROMIC TUNGSTATE ! 

Some of the many special chemicals we i 
manufacture 


Write for our list of rare chemicals | 
CITY CHEMICAL CORP. 
re 132 W. 22nd St. New York 11, N.Y. 


MINERALS 


A. D. “MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


ACCURATE MICROSCOPIC OBSERVATIONS 
UNDER HEAT with NREICHERT7 Original 


Kofler Micro Heating Stages 


@ DETERMINE Melting Points ... Eutectic Temperatures ... Molecular 
Weights 


@ OBSERVE the physical and chemical phenomena of substances 
e@ IDENTIFY and EXAMINE organic compounds and Polymor- 


phic substances 
WILLIAM J. HACKER & CO., Ine. 
82 Beaver Street, New York 5, N. Y. 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 


CHEMICALS 


THIOCTIC ACID......$10.00/g. 


BORON TRIIODIDE 
a,a-BINAPHTHYL 

MESCALINE SULFATE OR HCI 
20-METHYL CHOLANTHRENE 
PERYLENE 

p-QUATERPHENYL 

RUBRENE 

TRIMETHYL BORON 


NOW OVER 5/00 
CHEMICALS 


Pyrazine 
Pyridine-2-aldehyde 
e Pyridine-4-aldehyde 


uercimetrin 

luinine Iodobismuthate 
luinine Phosphate 
Juinuclidine 

Resazurin (Sodium Salt) 


Incorporated 
29-46 Northern Bivd. LIC. 1, N. Y. 


ILLE 


BOILING STONES 


Effective Anti-Bumping Agent 


Prevents bumping of 
boiling liquids. 


Speeds up distillations 
(including Kjeldahls) 


Facilitates sharper 
separation of fractions 


Leaflet and Sample on request. 
CARGILLE SCIENTIFIC INC. 
117 Liberty St. New York 6, N. Y. 


Retene 

@ Retene Quinone 

Rhaponticin 

@ Rubidium Iodide 

e Rufol 

@ Ruthenium Tetrachloride 
Salicoside 

® Salicylamine 

@ Samarium Oxide 

@ Scandium Sulfate 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


West 60th St. New York 23, N Y- 


Plaza 7.-8171 


who handle Chinese goods... . 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién. Buenos 
Aires 


(Outside U.S.A. $6.50) $6.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Now! REMOTE evaporating 
and drying by 


INFRARED RADIATION 


FUSED QUARTZ EPIRADIATORS 


—an ideal 
source of hig 


translucent 
fused quart 


¢ EVAPORATION WITHOUT BOILING 


DRY CLEAN RESIDUE, NO MATERIAL LOST 


© RAPID, ECONOMICAL, REQUIRES NO ATTENTION 


The radiated energy is absorbed by the upper 


layer of liquid which evaporates rapidly while 
the balance of the liquid and the crucible re- 
mains cool. An ideal, all purpose laboratory aid 
that can also be used for drying, heating and 
many other purposes. Write for Bulletin. 


QUARTZ PRODUCTS 
CORPORATION 


688 SOMERSET STREET, P.O. BOX 628, PLAINFIELD, N.J. 


Telephone: PLainfield 5-4699 
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COW-MAC 
GAS ANALYZERS 


fpr GAS PURITY, GAS MIXING 
AND PROCESS CONTROL OF 


Argon 

Carbon Dioxide 

Deuterium 

Ethylene Oxide 

Freon 
(Genetron) 

Helium 

Hydrogen Atmospheres 
— And Many Others 


Other Gow-Mac Analyzers include: 
GAS BLENDER — For quality con- 
trol, = or hydrogen burn-out 
and uniform quality of cylinder 
mixes and cascades. 

“GAS MASTER" — For closely linked 
laboratory systems. Has all compo- 
nents in a single package. 

GAS CHROMATOGRAPHY CELLS — 
Hot Wire and Thermistor Types 

ON STREAM T/C CELLS — 

Hot Wire and Thermistor Types 
NEW CATALOG AVAILABLE — 

Call or write for Bulletin TC TH-12-57 
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er, rey Ta: in, inc. 
ph Gross Adv., Inc. — 2 . 
Agency: Mandabach, Marthens & Simms, Inc. an GOW-MAC CO. 
100 Kings Road, Madison, NJ. 
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Lively New Textbooks 


from Van Nostrand 


An Introduction to Chemistry 
By Charles Compton, Professor of Chemistry, Willioms College 
Writing in a fluent and absorbing style, Professor 
Compton brings to life the aspects of chemistry that 
capture and maintain the non-science student’s 
interest: ideas concerning the structure and behavior of 
matter, and the practical applications of these ideas. 
His approach develops an appreciation of the methods 
which chemists employ, especially through the use of 
condensed case histories. A chapter on the work of 
early Greek philosophers further points up the vital 
importance of investigation by experiment. Special 
attention is devoted to nuclear chemistry, food and 
medicine. 
About 615 pages. Ready in March 


Instrumental Methods of Analysis, 
Third Edition 


By Hobart H. Willard, Professor Emeritus of Chemistry, 


This popular text now appears in a convenient 6 x 9 
letterpress edition in which every chapter but one has 
been completely rewritten to accommodate new material 
on the latest instruments and methods. It features 
new chapters on gas chromatography, infrared spectro- 
photometry, and, for the first time in any instrumental 
textbook, a chapter on nuclear magnetic resonance 
spectroscopy. For each class of equipment the text 
shows a photo of a representative instrument, generally 
accompanied by an explanatory line drawing or cut- 
away diagram. 


Descriptions and directions for laboratory experiments 
are the most complete and detailed available in any 


textbook. 
(January 1958) 640 pages, $7.50 


Basic Principles of Chemistry 


By Eugene C. Winslow, Associate Prof. of Chemistry, 


University of Rhode Island 


This new text strikes through to the heart of chemistry, 
presenting a vivid, integrated view of inorganic, organic 
and physical chemistry. Professor Winslow places 
primary emphasis on the periodic table rather than on 
the individual elements and their properties, developing 
valid genera] rules for predicting the properties of 
elements in terms of the periodic table. He presents 
clear, readable explanations of common phenomena, 
recent experiments, and discoveries not found in most 
general chemistry books. The author strongly believes 
that there is a fascinating story in chemistry, and this 
book attempts to tell part of that story. 


About 336 pages. Ready in March 


Textbook of Organic Chemistry 
By Lloyd N. Ferguson, Professor of Chemistry, Howard University 


This new study is a true textbook rather than the usual 
reference volume on organic chemistry. The kind and 
quantity of teaching aids are exceptional, and the 
subject is treated from the standpoint of an organic 
chemist’s work: syntheses, separations, qualitative 
analysis, industrial applications, and so forth. Such 
practical associations minimize learning by rote. 
Professor Ferguson emphasizes the interrelation of 
basic principles of chemistry so that students can 
achieve a real understanding of the characteristic 
chemical and physical properties of organic substances. 


Ready in April 


Man and His Physical World 


ye oot Gray, Program Director for Government Research Information, National Science Foundetion, and John 
W. Coufts, Associate Professor of Chemistry, Lake Forest College 
Especially designed for science survey courses for non-science majors, this new third edition is 
brought completely up to date, providing a solid background of fundamentals of chemistry, 
physics, geology and astronomy. It places emphasis on the theories, methods and history 
of science rather than on applications, thus leaving the instructor more class time for 
advanced treatment of selected topics. A new approach makes the treatment of chemical 
changes more meaningful. Valences, for instance, are not introduced as numbers to be 
memorized, but in conjunction with electron charges, so that the connection is firmly 


established. 
672 pages, $6.50. Published this month 


WRITE FOR EXAMINATION COPIES 


D. Van Nostrand Company, Ine. 


120 ALEXANDER STREET e PRINCETON, N. J. 
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Maintains temperature constant within + 0.05°C 
using a I2 x 12-inch bath 


SELF CONTAINED .. . THERMO- 
REGULATOR, HEATING UNIT, 
STIRRER AND CIRCULATING 
PUMP IN ONE UNIT 


¢ For attachment to any vessel with 
wall thickness up to 1% inches 

¢ Can be preset at any desired tem- 
perature O to approx. 90°C 


TECHNE 
“TEMPUNIT”’ 


CONSTANT TEMPERATURE CONTROLLER 


TECHNE ‘“‘TEMPUNIT”’ (Patented). A 
self-contained unit incorporating all components 
required for maintaining open water baths at 
temperatures up to approximately 90°C, and 
for circulating water to external apparatus at 
a rate of 1144 quarts per minute at 1) ft. head. 

The unique indicating thermoregulator system, 
with pneumatically actuated switch for control 
of heater, has the sensitivity of electrical con- 
tact methods but with greater dependability and 
longer life. Maintains temperature.constant within 
+0.05°C in a 4-gallon cylindrical glass vessel, 
12 x 12 inches, without insulation. 

Control housing, 634 inches wide x 4% inches 
deep x 51% inches high, contains stirring motor, 
thermoregulator with temperature indicator dial 
graduated from 15 to 95°C and pilot lamp, and 


ano 
A.H.T.CO. 


More and more laboratories rely on Thomas 


has built-on clamp for attachment to vessels with 
wall thickness up to 14 inches. 

The helical, bimetallic sensing element, stirrer, 
aspirator tube and 1000-watt tubular immersion 
heater are integrally attached beneath the housing. 
Heater is wound in a coil which encircles the six- 
blade propeller of stirrer and tip of aspirator tube. 

Stirring motor, 1/20 h.p., is fan cooled, induction 
type, with self-lubricating bearings, suitable for 
continuous use. Immersed parts, with exception of 
bimetallic helix, are nickel plated. Housing is 
finished with glossy, green hammered effect. 

Overall dimensions 634 inches wide x 7 inches 
deep xX 11% inches high. When mounted, the 
unit projects 414 inches beyond inner edge of bath 
and extends 55% inches below rim. For proper 
operation, bath must be filled to within 2 inches 
of rim. Tubulation for connection of pump to 
external apparatus is *¢-inch outside diameter. 


Method of Use. In use it is necessary only to set the 
control pointer at desired temperature on dial. A second 
pointer, driven by the bimetallic helix, continuously 
indicates the bath temperature. Suction produced by 
stirring action at tip of aspirator tube, contracts a plastic 
bellows, closing a switch which turns on the heater. 
Expansion of helix rotates the indicating pointer until 
it reaches selected temperature on dial, at which point 
a valve is opened, inflating the bellows and shutting 
off the heater. Heater is also automatica'ly shut off if 
stirrer or aspirator pump is not operating properly, or 
if water level of bath should fall below aspirator tube. 


9935. Constant Temperature Bath Controller, Techne 
“Tempunit” (Patented), as above described, complete with 4-ft., 
3-wire connecting cord with 2-prong, parallel blade attachment 
plug cap, and ditections for use. Power consumption 1040 watts. 
For use on 115 volts, 50 or 60 cycles, a.c. Without bath 135.00 
9935-A. Ditto, complete with bath consisting of cylindrical jar 
of Pyrex brand glass, 16 inches diameter XX 12 inches high, 
capacity 8 ¥2 gallons 178.59 


ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD ¢ PHILADELPHIA 5S, PA, 
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Brings students to the frontier of current biochemical research .. . 


Second Edition 


GENERAL BIOCHEMISTRY 


By JOSEPH S. FRUTON and SOFIA SIMMONDS, 
both of Yale University 


This widely used text has been extensively revised to 
cover the rapid developments in many areas of biochem- 
istry during the past five years. Nearly every chapter 
has undergone considerable change, with new material 
on such topics as protein structure, dehydrogenases, 
oxidative phosphorylation, photosynthesis, metabolism 
of carbohydrates, fatty acids and amino acids, bio- 
synthesis of proteins, and vitamins. Several sections, 
such as those on the metabolism of steroids and of nucleic 
acids, have been reworked completely, and a new chap- 
ter on alternative pathways of carbohydrate metabolism 
has been added. Chapters on thermodynamics, enzyme 
kinetics, and oxidation-reduction, among others, have 


Coming in April. 


1077 pages. 


been revised. The extensive bibliography provides an 
up-to-date guide to the literature. 

Although the text and illustrations have been altered 
extensively, the structure of the book remains unchanged. 
Also, the general objective remains the same: (1) to 
offer a lucid and comprehensive introduction to present- 
day biochemistry for students who wish to examine the 
subject for its own sake; and (2) to provide a background 
to the applications of biochemistry in fundamental and 
applied biology. In particular, the importance of 
modern biochemistry in clinical medicine has become 
increasingly evident, and this text provides the future 
‘es peer with a solid foundation in the necessary 

iochemical principles. 


College Edition Prob. $15.00. 


Modernized to meet recent changes in the analytical chemistry program . . . 


Fourth Edition 
QUANTITATIVE ANALYSIS 


By W. CONWAY PIERCE, University of California, Riverside; EDWARD L. HAENISCH, Wabash College; 
DONALD T. SAWYER, JR., University of California, Riverside 


Long recognized as a classic in its field, this text gives 
students who will be working with chemical or biologi- 
cal reactions an understanding and appreciation of what 
is involved in an analysis. It is especially designed to 
help develop habits of accurate manipulation and an 
attitude of critical appraisal of experimental data. 

More than 60% rewritten, the book stresses an under- 
standing of the ‘“‘why”’ of every operation, thus avoiding 
the ‘‘cookbook chemistry’’ treatment.: It teaches stu- 
dents the basic analytical methods that every researcher 
must know. 

In this edition, the organization of material has been 
changed to permit greater flexibility of teaching. Among 
the features of the revised edition: liberal use of the 


Lowry-Bronsted treatment of acid-base equilibria; a 
new section on evaluation of data and precision of 
measurement; several new determinations including 
those of calcium by titration with a complex agent, of 
nickel by precipitation with dimethylglyoxime, of zinc by 
electrodeposition, colorimetric determinations by color- 
imeter or filter photometer, and electrometric titrations 
with a commercial pH meter. A wide variety of analyses 
are given. Strong emphasis is placed on physico-chemi- 
cal principles and equilibria of acid-base and oxidation- 
reduction reactions. The use of modern equipment is 
stressed throughout the laboratory procedures, and a 
large number of stimulating problems and questions is 
included. 


Ready this month. Approx. 486 pages. Prob. $5.75. 


Send today for your examination copies. 


JOHN WILEY & SONS, Inc. 


4AO Fourth Avenue 


New York 16, N. Y. 
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Symposium on Chemistry of the Sea 


A Short History of Oceanography with Emphasis on the Role Played by Chemis- 


Chemical Aspects of Physical Oceanography, 
John Lyman and Robert B. Abel 
The Processes Regulating the Composition of Sea Water, Edward D. Goldberg. 
Analytical Chemistry in Oceanography, Dayton E. Carritt 
Training in Chemical Oceanography, Norris W. Rakestraw 
Meaningful Teaching of Phase Diagrams, Norman O. Smith 
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Revised Inorganic (Stock) Nomenclature for the General Chemistry Student, 
Robert C. Brasted 
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of the Pacific Southwest Jee Dee It is indexed in the Education Index, Industrial 
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“The Model 137 proves it, Jim—pure acrylonitrile” 


Manufacturers of synthetics, and others whose processes 
depend on purity for satisfactory polymerization, are relying 
more and more on rapid, accurate control analyses ma 
right at the bench with the low-cost Perkin-Elmer Model 137. 
For example: 

The end point in the manufacture of acrylonitrile by dis- 
tillation is marked by the complete removal of water from 
ethylene cyanohydrin. With the Model 187 INFRACORD*® 
Spectrophotometer checking the reaction, guesswork and 
the possibility of error are minimized. The well-resolved 
INFRACORD spectrum of acrylonitrile shown above dem- 
onstrates that the reaction is complete—the acrylonitrile 
must be pure—since no characteristic OH band is present 
at 2.8 microns. Best of all, this infrared spectrum was 
obtained automatically in twelve minutes—and spot analysis 
of the critical OH region can be made in seconds! 

The INFRACORD, product of a four-year development 
program by Perkin-Elmer, embodies the latest advances in 


optical, electronic and mechanical design. Its double beam 
optical null system, previous! wells in only the most 
expensive instruments, provides the speed, energy, short 
path length and resolution essential for good qualitative and 
quantitative analysis. 

Yet, with all its features, the INFRACORD instrument is 
moderately priced and simple to operate. Many compauies 
are making it an everyday tool for the bench chemist. Spec- 
troscopists use it for routine work, thus free ultra-precision 
instruments for research and similar work. 

For complete information, write Perkin-Elmer at 870 Min 
Avenue, Norwalk, Conn. 
°T.M. 


INSTRUMENT 


Perkin-Elmer 


NORWALK, CONNECTICUT 


Plan to visit ovr Booths of the Pittsburgh Symposium March 3-7, Penn-Sheraton Hotel. We have a number of new developments to show you 
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NOW EXCLUSIVE BEAM 


AND CONTROLLED-LOAD SUSPENSION 
IN 2 MODERATELY PRICED BALANCES! 


VOLAND 


MODEL 120-ND 

MODEL 220-D [iliustrated) 
with horizontal 

vernier 


V oland’s revolutionary new Micro-Wedge® Beam eliminates distor- 
tion inherent in traditional methods of adjustment...gives stable 
long-term accuracy! Controlled-load suspension applies load to 
center of knife, regardless of position of tant ai pan. 


Models 120-ND and 220-D bring new accuracy to routine weighings, 
to 0.1 mg. Simple construction, moderate cost makes these models 


iat ideal for academic and industrial laboratories. Made to highest Vo- 


e most land standards of quality workmanship. 

7, short 

yeas Models 120-ND and 220-D are extraordinary values in chain balances. 
ment is Read directly to 0.1 MG and eliminate all fractional weights. Non- 
npariies vernier and eliminate many sources of error. Voland 
. Spec- ual-magnet adjustable dampers increase speed of weighing. Sup- 


nee plied with protective dust cover. 


0 Main 
- Model 120-ND with formica covered hardwood base $263.00 


Model 220-D with black Carrara glass base and aluminum sub-base (illustrated) $278.00 
Class P Stainless Steel Weights 100 grams to 1 gram Code 47P $40.45 per set 


These and other Voland products are sold through all principal laboratories to dealers. For further 
information, contact your dealer or write for circular CE-102 to 


VOLAND & SONS, 32 RELYEA PLACE, DEPT. 103, NEW ROCHELLE, N. Y. 
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NOW! 


you can have the most interesting 
class in your school! 


Demonstrate complex phenomena of 


radioactivity easily, understandably with 


Here's new drama for your physics, chemistry or biology 
classes, new understanding for your students of a sub- 
ject that is so vital today . . . the why’s, what’s and how’s 
of radioactivity. 

You can get, and hold, the interest and attention of 
every student in every class, no matter how large, with the 
Classmaster. Even “the back-row gang”’ can see and under- 
stand Classmaster demonstrations, fora flashing light and 
speaker supplement the meter to indicate radioactivity. 

In addition to its use as a complete demonstration 
and teaching unit in elementary courses, college level 


Nuclear-Chicago Model 1613A Classmaster consists of: 

A Electronic radioactivity demonstrator with meter, flashing 
light, and speaker count indicators; regulated high voltage 
power supply. Operates on usual 110-volt circuits. 

B, C and D Set of one each, lead, aluminum and card- 
board cylinders to illustrate ‘‘scatter" produced by beta 
radiation. 


students can use the Classmaster for biological tracer 
studies. Classmaster experiments provide a sound 
basis for advanced lab courses using more complex 
nuclear instrumentation. 

Don’t wait. Equip your students with the knowledge 
they need to live and function as useful citizens in this 
Atomic Age. Call this advertisement to the attention 
of your principal or board and urge immediate addition 
of this superb teaching tool. No progressive high school 
or college can afford to be without it . . . especially at 
this low, low price. 


Nuclear-Chicago Model 1613A Class- 
master is available for prompt shipment 


Only $194.50 


on receipt of order. Price complete as shown. Guaranteed 1 Year. 


For informative brochure listing experiments and demonstrations 
you can perform with Classmaster or for full information on other 
Nuclear-Chicago radiation laboratory instruments . . . scalers, 


E, F and G Set of 15 aluminum, 20 cardboard and 10 lead monitors, detectors and accessories . . . write: 

absorbers to demonstrate radiation absorption. 

H Extendable probe with sensitive thin wall Geiger counter. 

J Calibrated mounting fixture with probe clamp and slots 

for absorbers. 

K Two completely safe radium beta-gamma radioactive 

sources for measuring detector efficiency, radiation inten- 

sity, coincidence losses, geometries. 

L Instruction manual clearly outlines demonstrations and 

simple operation of Ciassmaster. Contains radiation theory, — 

diagrams, exercises, experiments and test questions. , 
239 WEST ERIE STREET CHICAGO 10, ILLINOIS 


nuclear - chicago 
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Unretouched photographs taken during the incineration 
of S&S Ash-Free Analytical Filter Paper fe 


$&S Ash-Free Analytical Filter Paper. 


Ask for S&S “Ash-Free” Analytical Filter Papers 


For many years S&S Ash-Free Analytical Filter 
Papers have been known for their extremely low 
ash content. They have been the choice of 
chemists who must have the most precise work- 
ing tools. 


To our knowledge, there is no filter paper with 
lower ash content on the market. In fact, ash con- 
tent of S&S Quantitative Papers is considerably 
lower than all other papers we have tested — less 


MAKE YOUR OWN TESTS 
with a 
FREE S&S SAMPLER 


Mail the coupon for a free S&S Filter 
Paper Sampler made up of many grades. 
There is no obligation. 


BHIGH QUALITY 
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And, improved S&S methods of research coupled 
with rigid quality control methods, assure mainte- 
nance of S&S low ash standards lot after lot, for 
unsurpassed precision. 

Ask your laboratory supply house for S&S Analyti- 
cal Filter Papers—the finest, most precise filter 
paper you can specify. Yet S&S quality costs no 
more. If you would like to receive a free S&S 
Filter Paper Sampler, described on this page, just 
mail the coupon below. 


Carl Schleicher & Schuell Co. 
Dept. JC-83, Keene, New Hampshire 
Gentlemen: 

Please send me, free, an S&S Filter Paper Sampler. 
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Perhaps you’ve been asked, “Where would I fit into the 
Allied picture?” The answer could be: At one of twelve 
research laboratories, more than a hundred plants, or 
many sales offices throughout the country. Or, “What 
products would I work on?” There are more than three 
thousand in all—chemicals, plastics, fibers . . . and new 
ones coming along every year. 


What careers are available at Allied Chemical ? 


At Allied, there are careers for chemists, chemistry 
majors, engineers (chemical, mechanical, electrical). 
Facts about these careers are in a new book, “Allicd 
Chemical and Your Future.” Why not write for a copy? 
You'll find it really helpful in answering student inquiries. 
Just write to us at: 

Allied Chemical, Dept. 38B, 61 Broadway, New York 6, N.Y. 
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hemistry Here is a precision measuring instrument for both ortho- 
ctrical ). scopic and conoscopic observations, designed to meet the 
» “Allied exacting requirements of science, education, and industry. 
+a copy? Its many features make it ideal for work in chemistry, 
/ “id crystallography, mineralogy and biology as well as in the 
inquiries, technology of paper, glass, textiles and petroleum. 


rk 6,N.Y. THESE OPTICAL & MECHANICAL FEATURES 


Note that UNITRON’S new Model MPS comes complete 
with optics and accessories and includes features usually 
associated only with much more costly models. 


e EYEPIECES: Micro 5X providing measurements to 
0.0025mm. and cross-hair 10X. The eye lenses focus to 
produce sharp reticle images and are keyed to prevent 
rotation. 


e OBJECTIVES: 4X(N.A.0.1), 10X(N.A.0.25), 40X(N.A.0.65), 
achromatic, strain-free, each with centerable mount. 
@ NOSEPIECE: quick-change type for critical centering. 


e CONDENSER and POLARIZER: three-lens condenser 
with upper elements on c swing-out mounting, provides 
either paraliel or convergent light; A dovetail-slide 
focusing mount and iris diaphragm insure optimum 
illumination and resolution. 

¢ POLAROID POLARIZER: rotatable through 360° and 
graduated every 45°. Plano-concave mirror. 


ANALYZER: Polarcid, in sliding: metal mount. 


e BERTRAND LENS: for the study of interference figures, 
fixed-focus lens is centerable and mounted ina slideway. 


¢ STAGE: diameter 115mm., revolves through 360°, gradu- 
ated in degrees and reads to 6’ with vernier. The top is 
calibrated in mms. in two directions and is drilled and 
tapped for an accessory mechanical stage. Stage clips. 


@ COMPENSATORS: two compensators are included; a 
quarter-wave plate and first order red plate. These fit 
into a slot above the objective lens. 


e FOCUSING: coarse and micrometric fine adjustments. 
¢ STAND: heavy stand, arm inclines to horizontal position. 


THEN: LOOK AT THE PRICE. / 


‘269 
pices on te TPRPON 


_ - INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO, 


Condenser and Polarizer 


ITRON C icr 
AVAILABLE ON FREE 10 DAY TRIAL me eee 


Send for complete catalog on UNITRON Microscopes. 


City. State 


THE TREND IS TO UNITRON 
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| Another packaging improvement B«A*® 


Introducing 


genetron’ PLASTIC CAPS for Fuming Acids 


Replace ground-glass stoppers 
and plaster-of-Paris seals on such 
hard-to-handle reagents as Fum- 
ing Sulfuric and Fuming Nitric... 


simplify opening, handling 


Typical of Baker & Adamson’s continuing packaging 
developments is this new screw-cap closure for fuming 
sulfuric acid, fuming nitric acid and other hard-to- 


handle reagents. It links research in two fields—reagent 
packaging and fluorine chemistry—to make your labora- 
tory work simpler and easier. 

The new screw-caps are made of General Chemical’s 
“Genetron” Plastic HL (high molecular weight polymer 
of trifluorochloroethylene)—a material with extreme 
chemical and thermal resistance. As a result, it is pos- 
sible to eliminate the old-fashioned glass stoppers and 
plaster-of-Paris seals traditionally used with these re- 
agents. Also, the new bottles have pour-clean lips— 
giving you greater handling and pouring control. 
When ordering reagents, be sure of the latest and best 
in packaging, as in purity.-Always specify B&A. 


<i> BAKER & ADAMSON? 


Setting the Pace 
in Chemical Purity 
Since 1882 


STANDARO 


or 
PuRITY 


Reagents 
GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. 


Offices: Albany* Atlanta® Baltimore* Birmingham 
Houston* ¢ Jacksonville * Kalamazoo * Los 
St. Louis* « San Francisco” * Seattle * Kennewick*, Vancouver* 


eles* ¢ Milwaukee* Minneapolis * New York* Philadelphia* Pit 
and Yakima (Wash.) In Canada: The Nichols Chemical Company, 
*Complete stocks carried here. 


h* © Portland (Ore.) * Providence* 
mpany, Limited Montreal* * Toronto* * Vancouver® 


* Boston* Buffalo* Charlotte* “Pitsburg Cleveland* * Denver* * Detrvit* 
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This high vacuum laboratory pump 
presents a completely unique concept 
of pumping standards. Here are some 
of the most desirable features: 


SCHAAR introduces... 


the NEW 
Lab-Asco-Vac 108 


MECHANICAL 
HIGH VACUUM PUMP 


HIGH 
EFFICIENT 
PUMPING 
CAPACITY 


Free Air Displacement 50 L./min 


Guaranteed Absolute 
Pressure 0.1 Micron 


reagent 
labora- 
Insulation and rubber mounting eliminate noise; radical vertical SPECIFICATIONS 
tateal's design eliminates conventional, hazardous belt and pulley. Car- Cat. No. JR-4492* 
olymer rying handle on the supermount provides easy portability. Sup- Model Two-Stage 
‘ae plementing the low purchase price, this pump requires a much Guaranteed Absolute Pressure 0.1 Micron 
is pos- oil charge, and cleaning 50 liters /minute 
rs and operations simplified. The vertical design has made the pump Operating Speed 1140 rpm 
ese re- leak-proof, and with the visible oil level cup, oil spillage is Oil Charge Required 1 pint 
| lips— confined to a minimum. In filling the pump, oil is not intro- Dimensions 12” diam. x 20%” H. 
1. duced at the point of discharge, thereby eliminating the need Weight 45 Ibs. 
id best for pump disconnect. The Lab-Asco-Vac Pump runs cooler — — ro 
d ‘ ycles 6 
and has a unique capillary gas ballast cleaner which provides PRICE 195.00 


efficient operation for longer periods. 


*Mounted on rubber-cushioned cast base and supplied 
; complete with electrical cord, switch and plug, one 

quart of Lab-Asco-Vac pump oil, operating and main- 
Additional Literature Available on Request tenance bulletin. 


Detrvit* 
vidence* 
lancouver® 
7300 W. MONTROSE AVE....CHICAGO 34, ILLINOIS 
ATION VOLUME 35, NO. 3, MARCH, 1958 Ag9 
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Glass-Fabric 


“GLAS-COL” SERIES O 
STANDARD TYPES (Hemispherical) 


These are the original ““GLAS-COL” Heating Mantles which 
are constructed of all-glass fabric and whose name has become 
synonymous with electric heating. No matter what type of 
laboratory work you do, GLAS-COL Heating Mantles can 
be of help by providing safe, economical heating. 


A resistance wire heating element is installed between layers 
of glass fabric protecting the flask wall from the sharp tempera- 
ture gradients. Glass wool batts are placed outside the heat- 
ing element and an outer layer of glass cloth is added to hold 
the batts in place and to form the external surface of the mantle. 
As there are no rigid parts involved, these mantles can be made 
to conform to almost any desired shape. For example, they 
can be used for heating glass objects such as television tubes, 
fractionating columns, a0 drums, kettles, etc. 


The power input to the mantles is easily controlled by a variable 
transformer such as the Powerstat on alternating current, or by a 
rheostat on direct cur- 
rent. SeriesO GLAS- 
Cc Mantles have 
been designed for a 
maximum of 450°C 
operation. An iron- 
constantan thermo- 
couple built into each 
mantle assists in deter- 
mining temperature. 


Catalog No. JC-64338 


equipment. 
tions and prices. 


SCIENTIFIC 


+ NEW YORK 3, N.Y. 
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Also available: Series O Spherical Heating 
Mantles and Series M Spherical Heating 
Mantle Tops for two- and three-neck flasks 
. . . with special side-opening models for 
flasks that are permanently attached to other 
Write Dept. JC for specifica- 


“GLAS-COL” SERIES M 
STANDARD TYPES (Hemispherical) 


In the Series M heating mantles, the aluminum housing protects the 
outside of the heater element without sacrificing the softness of 
the inner lining. It protects the glass fabric from damage due to 
accidental boil-over of chemicals and prevents insulation from 
being disarranged with long use, preserving its efficiency. 


Series M mantle is especially advantageous for use with large 
flasks where extra support is required to hold the weight of the 
flasks. The housing prevents wrinkles or puckers and insures 
@ permanent close fit for better heat transfer and for greater 
efficiency. 


If the glass fabric in the above heating mantles wears out or is 
severely damaged, a completely rebuilt unit can be obtained 
for 20% less than list price merely by returning the metal parts 
in good condition. 


Series M heating man- 
tles with 3-wire twist- 
lock terminals (1 wire Flask 
grounded), together Size, 
with 3-wire cords and Mi. 
plugs, are available at 
$4.00 extra per ter- 
minal. 


Catalog No. JC-64333 


LABORATORY 
APPARATUS 


CHEMICALS 


4 

poe Volts | Watts | Price 
50 60 | 11.50 
110 180 | 15.50 
eee f. 200 | 110 180 | 12.00 250 | 110 200} 15.50 
Soriae 250 | 110 200 | 12.00 300 | 110 200 | 15.50 
i nn 300 | 110 200 | 13.25 500 | 110 250| 17.00 
ee 500 | 110 250 | 14.50 1000 | 110 380 | 18.50 | 
ae be 1000 | 110 380 | 17.50 2000 | 110 465 | 22.00 | 
2000 | 110 465 | 21.00 3000 | 110 550 | 27.00. 
teat, oe i 3000 110 550 | 25.75 5000 | 110 600 | 35.00. 
ete 5000 110 600 | 32.00 12000 | 110 | 2— 590} 52.50 | 
oes 12000 | 110 | (2) 590 | 49.50 22000 | 110 | 2— 700| 71.00 | 
(ie. 22000 | 110 | (2) 700 | 66.75 50000 | 110 | 2—1000| 93.00 
cos ae 50000 | 110 | (2)1000 | 85.00 72000 | 220 | 2—2000 | 112.00 
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.+.THIS IS NO WAY TO LEARN 
| DRIVING A MODERN AUTOMOBILE 


.»» BUT. How ABOUT YOUR STUDENT BALANCES? 


Are you wasting your own precious time and 
that of your students by having them weigh 


on completely obsolete equipment? 


Thousands of modern high-speed substitution 
balances made by METTLER are in use today in 


research and industrial laboratories. 


The new METTLER multi-purpose balance, type 
H-5, gives you the opportunity to let the students 
learn on the tool they will use later on. Fewer 
units of the compact H-5 balance will do the work 
for you, for two good reasons. It takes very little 
time to learn how to weigh properly on this bal- 


ance and the weighing time itself is cut drastically. 


Write to us today for full informa- 
tion on the new H-5 balance. Bet- 
ter yet, ask us to arrange for dem- 
onstration and trial of this balance. 
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FOR/ /YOUNG 


Boekel laboratory accessories 

are manufactured by skilled craftsmen 

using the highest quality materials — 

your assurance of dependable, long service life. 
When you wish to buy the best, 

specify Boekel laboratory accessories 

and apparatus to your dealer. 


BE SURE IT’S BOEKEL 


entccwed ty WM. BOEKEL & CO., INC. 


PHILADELPHIA 6, PENNSYLVANIA 
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LABORATORY GLASSWARE 


CORNING GLASS WORKS - CORNING, NEW YORK 


HOT OFF 
THE PRESS! 


The most 
complete labware 


catalog ever! 


350 Pages...8500 Pieces of PYREX Borosilicate Lab Glassware 


New listing method and color-coding make 


Corning’s NEW Catalog even easier to use 


This newly published Corning Catalog of Pyrex brand Lab- 
oratory Glassware is the most complete, easiest-to-use book 
of its type ever printed. 


The idea originated with you. If you were one of the 
customers we contacted in our Catalog Preference Survey 
it's likely your ideas are incorporated in Catalog LG-1. 
Because you use it frequently it was only fair that you had 
a say in its organization and layout. 


For fast finding—new listing method. LG-i is set up 
dictionary style. Bold headings at the top outside corner of 
each page tell you the class of ware and the type of glass of 
the products listed on that page . . . let you locate any item 
in the book in just seconds. 


Most complete line available 
anywhere. Flasks, for example, 
are listed in all six sections. 
No eyestrain: LG-1 is color- 
coded. Each section has its own 
color panels and is identified 
in print. 

Easy-to-find illustrations. Just 
flip the pages to find what you 
need. 


dec iif 


Clip the Coupon for Your 
Free Copy of LG-1, Corning’s 
New Lab Glassware Catalog 
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For fast finding—color-coded Sections. The Catalog is in 
six Sections, each with its own color panels at the top and side 
of each page. For example, the panels in the PyrEx® Section 
are green; Vycor® Section, blue; Custom Made Section, 
brown. Merely flip the pages to find what you need. 
There’s an extensive index and exhaustive cross-indexing, 
too, so you can find similar items and component parts 
quickly. Three separate Appendixes (A.S.T.M. Ware, Micro, 
and Needle Valve Ware) also improve “finding” efficiency. 


Custom Made Labware Section. Also at your request, the 
former Custom Apparatus Catalog joins our Standard List- 
ings. This 143-page Section lists the most demanded modi- 
fications of all types of ware. Each item differs from the norm 
in ways to make your work faster or easier. Included, also, 
are 13 pages of Micro Ware and 12 pages of Needle Valve 
Equipped Glassware listings. 


CORNING GLASS WORKS 
76-3 Crystal Street, Corning, New York 


| have not as yet received my free copy of Corning Catalog 
LG-1. Please send me one. 


Name Title 


Company 


Street 


City 


L 
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For ultra-sensitive 
fluorescence measurement 


the Coleman Electronic Photofluocrometer 


The Coleman Model 12c Electronic Photofluorometer is the 
latest of a distinguished series of instruments which have 
been largely responsible for the development and wide 
utility of the science of fluorimetric analysis as it exists today. 


A precise, highly sensitive instrument for the analysis of sub- 
stances which fluoresce in solution, the Model 12c Electronic 
Photofluorometer is characterized by ease of use, stabil- 
ity and reproducibility of reading, and an extremely 
wide sensitivity range. 


Direct-reading, A.C. line-operated, employing 19 mm. 
round cuvettes requiring only 8 ml. of sample, the Model 
12c Electronic Photofluorometer provides precise analyses 
of fluorophors ranging from trace-quantities of blood 
components (steriods, porphyrins, estrogens) to vitamins in 
foods and vitamin concentrates. 


Here are a few references typical of the routine analytical 
applications of this versatile fluorescence meter: 


Foods and Food Concentrates 
Thiamine and Riboflavin in all varieties of foodstuffs 
from cereals and food concentrates through soft-drinks 


COLEMAN 


MAYWOOD, 


INSTRUMENTS, 
ILLINOIS e WRITE TO DEPARTMENT B. 


and meats. A.O.A.C. Methods of Analysis, 8th Edition, 
819-826, 1955 
Tryptophan in Foods Anal. Chem. 28, 884, May, 1956 
Pharmaceuticals 
Thiamine and Riboflavin in Vitamin Preparations U.S. P. 
XV, 912-913 
Medicine and Medical Research 
Malic Acid—J. Bio. Chem. 212, 787-800 (1955) 
Estrone—J. Clin. End. & Metab. 12, 1513-1531 (1952) 
Catechol Amines—Scand. J. Clin. & Lab. Inv. 8, 288- 
295 (1956) 
Blood Prophyrins— Unpublished 
Coleman Model 12c Electronic Photofluorometer 
complete with mercury vapor lamp, voltage-regu- 
lated lamp transformer, one dozen selected cuvettes 
and operating directions, but without filters (filters 
may be selected as required)........ ating 00 
All Coleman Instruments are sealed at the 
factory for your protection. 
For full description of the Coleman 
Model 12c Electronic Photofluor- 
ometer, write for Bulletin B-230. 
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You give your students the finest in- 
struction they can receive, using the 
best equipment you can obtain. When 
they are using Whatman filter prod- 
ucts you know they are provided with 
the proper tools to achieve the results 
you expect them to get. Whatman gives 
you consistent uniformity in speed, 
retention, and ash weight plus special 
selection of papers for chromatog- 
raphy and electrophoresis. 


Whatman Filter Products reeve angel 


Available from your laboratory supply dealer. 
H. Reeve Angel & Co. Inc., 


52 Duane Street, New York 7, N.Y. 


Have your students seen ‘‘Principles of 
Chromatography,’’ a 16 mm 20 minute 
sound color film? Write Dept. CE for 
information on how to borrow the film. 
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HARVARD TRIP BALANCE 
Model No.1550-S 
Capacity 2 Kilogram 
Sensitivity 0.1 Gram 


TRIPLE BEAM BALANCE 
Model No. 750-S | 


Capacity 2610 Gram 
Sensitivity 0.1 Gram 


EVEN ARM 
SOLUTION BALANCE 
$80.00 Model # 117 #115 


#115 Capacity 5 Kg. 1 Kg. 


list price ~ 


$43.65 Sensitivity 0.5Gm. 0.1Gm. 


list price HEAVY DUTY 
$110.00 SOLUTION BALANCE 
4 Model No. 119-S 


Capacity.... 20 Kilogram 
Sensitivity 


INDUSTRIAL BALANCE 
Model No. 1910 
MICROMETER POISE 


Capacity 5 Kilogram 


Sensitivity 0.5 Gram 


TRIPLE BEAM BALANCE 
CENT-O-GRAM 
Model C.G. 311 


list price Capacity........ 311 Gram 
; Sensitivity...... 0.01 Gram 


SCALE CORPORA TION 
COMMERCE AVE. 
UNION, NEW JERSEY 


. = 
= 
= 
— | list price 
Sa 
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i 
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for complete -ink write for FREE bulletin........ 


New 


® 


(Made from hard KG-33 glass)... 


Apparatus 


Unruffled by thermal shock, hard knocks, chemical attack 


Now you can specify Kimble for your 
“hard” glass needs in both graduated and 
ungraduated Kimax laboratory ware. 


New Kimax apparatus made from 
KG-33 borosilicate glass offers excep- 
tional durability as well as the same ac- 
curacy and fine workmanship that you 
associate with Kimble. 

Kimax may now make possible quan- 
tity discounts to small laboratories. Ask 
your dealer how you may realize more 
savings when you buy Lab glassware. 

Kimble Glass Company is a subsidiary 
of Owens-Illinois, Toledo 1, Ohio. 


17027 BURET. Marked “A” to certify they 
meet N.B.S. requirements for design and 
accuracy. Tested and retested to insure ac- 
curacy. Sturdy, uniform tubing. Ends of de- 
livery tips are ground and beveled to mini- 
mize chipping. Rugged stopcocks with 
replaceable plugs. Machine-lined scales and 
numbers are durable. Capacity range in- 
cludes 10, 25, 50 and 100 ml. 


14000 BEAKER. Uniform glass distribution 
in sides and bottom for extra strength. 
Highly resistant to thermal shock and chem- 
ical attack. Easy pouring. In capacities 
ranging from 1 to 100 ml. 


27060 FILTERING FLASK. Walls are heavy to 
withstand vacuum. Necks have heavy re- 


inforcing beads and are tooled for uniform 
stopper fit. Hose connection provides’ tight 
fit. Sizes from 25 to 1000 ml. 


28900 CHEMICAL FUNNEL. Thick-walled 
with beaded top and glazed tip for strength. 
A size for each diameter of filter paper. 
Long-stemmed (150mm) with stem bore 
sized to hold column of liquid. Bowl angle 
permits fast filtration. Sizes from 35 to 100 
mm (inside diameter of top). 


15060 GAS WASHING BOTTLE. KG-33 glass 
withstands severe mechanical shocks. Seals 
are heavy, uniform and carefully annealed 
for greater strength. Finely ground stand- 
ard taper joints provide gas-tight fit. In 125, 
250 and 500 ml. capacities. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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Weighing 

is the heart 

of all analytical 
procedure 


To keep pace with increased laboratory work loads 
balance manufacturers have developed balances that 
weigh faster, are easier to operate and require no op- 
erator technique. The NEW Christian Becker Model NA-1 
single pan, semi-automatic balance provides everything 
the chemist has wanted. Fast accurate weighings are as 


easy as 1-2 - 3. 


OPTICAL READOUT 


New, large, easy toread reticle and 
nier eliminates Balance squint 
: 


1. Place sample on pan, close door, select “rough 


weighing” beam by rotating knob “A”. 


. Weight control knobs "B” are then rotated. 


Weight indicator lights C" indicate if weights 
have to be added or removed. 


. Final 1000 mgs., or any part thereof are re- 


corded on new, large, easy to read reticle 
and vernier, after fine weighing beam is put 
in use. This ten thousand division optical read- 
out “D” is absolutely unique. It eliminates 
completely “balance squint.” The large num- 
ber at the top plus the vertical line show that 


_. the weight is between .455 and .456 gram. 


By following the line down, it makes a solid 
rectangle at "4", thus giving a reading of 
-4554. This plus the weight recorded on 
counter "E", gives total weight of sample. 


ANYONE CAN OPERATE THIS BALANCE 
{t also includes many other features: 


at 6, 


e External zero adj 
compensation 


e Oil damping — longer “Pan-to-Stirrup” 
dimension 

e Exclusive two-beam construction—one for 
rough weighing—one for fine 

e Weighing and pilot lights to indicate beam 
in use 

@ Stainless steel Class M weights 

e Knobs for weights and beams are at con- 
venient table height 

e Weight counter and reticle and vernier are 
at eye level. 


Capacity 200 grams. Sensitivity .1 mg. Readability .05 mg. Catalog #H1830 .. . Price $1,185.00 


(4 page bulletin available on request) 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company ¢ Cleveland 6, Ohio 


Sales Branches and Warehouses: Cincinnati 13, O. « Cleveland 6, O. + Detroit 28, Mich. 


Houston 11, Tex. « Los Angeles 22, Calif. - Philadelphia 48, Pa. 


Sales Offices: Baton Rouge, La. » Oakland 11, Calif. + Buffalo 2, N. Y. 
Hastings-On-Hudson 6, N. Y. + Pittsburgh 22, Pa. 
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E. H. SARGENT & CO.. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel as- 
sembly, amplifier and power supply chassis, and chart and 
pen drive chassis unit. 

Automatic null balancing potentiometric system with 

standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury 
cells. Use of the latter obviates need for standardization 
over very long periods. 
Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 

Accuracy: 0.1% or 20 microvolts, whichever is greater. 


Chart: Width, 250 mm; length, 120 feet. Ruling rational - 


with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 
Chart Drive: Forward drive recording, reverse drive re- 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


MULTI-RANGE—40 ranges. 


® MULTI-SPEED—9 standard chart speeds with 
provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 
measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4%, %, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for -automatic synchros 
nization of external devices with recording. 

Pen Speed: 1.8 seconds full scale. Other speeds can be 
provided on special order with change of motors. 
Bridge: Special Sargent specification, ganged Helipot with 
resolution several times common commercial practice, 
Provision for coupled transmitting potentiometer for out 
put to integrating circuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 2112 inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargen?. Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; input cable assembly; syn- 
chronous switch cable assembly; plastic dust cover; spare 
ring for take-up mechanism; spare pen drive cable as- 
sembly; and fuses. For operation from 115 volt, A.C. 
single phase, 60 cycle circuits.............-$1725.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES © CHEMICALS 


€. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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ALL IN 
UNIT ONE 


regulator 


circulator 


Mount on Any Container 
«eto make a LOW COST Water Bath 


% Controls Temperature . . Heats . . Stirs %* Overheating . . . or Circulation 


Accurate pneumatic control system holds uninsulated 4- 
gallon (larger if insulated) water bath to +0.05°C from 
set point. Fan-cooled, brushless stirrer motor, with oil- 
impregnated bearings, has long life. 


* 1,000-watt Immersion Heater 


The tubular heater is wound in the shape of a helix. A 
stirrer rotating inside the heating coil effectively dis- 
sipates heat. Large heater capacity enables rapid 
raising of bath from room temperature to desired level, 
without excessive overshoot. 


% Circulates to External Instruments 


Write for latest copies 
LANCO Apparatus News 
and Review 


Stirrer suction circulates one liter of water per minute to 
stabilize temperature of external instruments, such as 
refractometers and viscosimeters. 


“Planning Your Laboratory"... 
how to-do-it manual with scaled 
layout paper and templates of 
furniture. 

“Leybold Crystal Lattice Models” 
Six pages listing over one 
hundred crystal lattice represen- 
tations now available. 


ARTHUR S. LaPINE and COMPANY 


Failure . . . Shuts off Heater 


Water bath and the TEMPUNIT are protected from damage 
by overheating or stoppage of water circulation, either 
of which cause the heater to be switched off. The bi- 
metallic helical sensing element operates a unique pnevu- 
matic system which receives its air supply through suction 
from the stirrer. If the circulating system is damaged, 
suction ceases and the control diaphragm collapses and 
the heater is switched off. Should overheating occur, 
evaporation of the water will lower the surface below a 
side circulation tube actuating the air control, and shutting 


the heater off. 


% Convenient Clamp Mounting 
A fibre-cushioned clamp attaches the TEMPUNIT firmly to 


flat or curved surfaces of any container. 


Weight is only 


6% pounds, and overall height 10 inches. 


New LaPINE Bulletins 


“Metal Chelate Atom Models” 
+. + six pages of information, 
illustrated in five colors. 

Freezing-Drying Equipment for 
Laboratories. 4 pages. 

Polyethylene Sink Traps, 4 pages. 
Portable Bath Coolers, 1 page. 


600! 
CHICAGO 29, ILLINOIS, U.S.A. 


ORDER direct 
from 


LaPINE 


. CE414-60 
TEMPUNIT 


SOUTH KNOX AVENUE 


LABORATORY SUPPLIES @ EQUIPMENT @ REAGENT AND INDUSTRIAL CHEMICALS 
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> Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, Essex County, 
New Jersey, now bas available the first 
completely portable battery-operated 
Electrolytic Conductivity Recorder. They 
also offer a Type RS Electrodeless Con- 
ductivity System. 


> The Mascot, a new instrument is avail- 
able from Consolidated Electrodynamics 
Corp., 300 No. Sierra Madre Villa, Pasa- 
dena, California. It is a completely un- 
programmed digitizer designed to provide 
tabulated digital conversion of the analog 
output from CEC’s Type 21-103C Mass 
Spectrometer. It converts the amplitude 
and true mass number of each mass-spec- 
trum peak (except metastable peaks) into 
a signal to a parallel-entry type paper- 
tape printer. A special printer is available 
for printing and simultaneously actuating 
an IBM card punch, or paper tape punch. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS AND 
EQUIPMENT 


pLabline, Inc., 3070-82 W. Grand Ave., 
Chicago 27, Illinois, offers the following: 
(1) a new stainless steel constant tempera- 
ture bath, ask for Bulletin No. 3020 and 
No. 3024. (2) a new line of glass constant 
temperature baths, Bulletin No. 3060A. 
(3) two new units for chromatography and 
electrophoresis, Bulletin No. 5060. (4) 
new Imperial centrifuges, Bulletin No. 10. 


> Brooks Rotameter Co., Lansdale, Penn- 
sylvania, has a new set of fluid flow rate 
alarms; ask for Bulletin No. 5 for specifi- 
cations and details. 


p A new ruggedized indoor-outdoor hygro- 
thermograph providing equally high- 
accuracy humidity and temperature indi- 
cations, both direct reading and recording, 
isjnow available from Serdex, Inc., 12 
Bowdin Square, Boston 14, Massachu- 
setts. 


p> The American Instrument Co., Inc., 
8030 Georgia Ave., Silver Spring, Mary- 
land, has a newly-designed extreme pres- 
sure gauge to measure pressures up to 
100,000 psi which offers extreme accuracy 
and maximum safety features. 

The same company has a hydrocarbon- 
in-compressed-gas alarm to detect exces- 
sive hydrocarbons in clean compressed gas. 


> Scientific Glass Apparatus Co., Inc., 
100 Lakewood Terrace, Bloomfield, New 
Jersey, announces the development of two 
new burettes with automatic zero called 
“Geyomatie Burettes” which require no 
lubrication and prevent frozen connec- 
tions, 


> A\ unique scanning count integrator, 
Model 540, has been developed by Baird- 
Atomic, Ine., 33 University Rd., Cam- 
brige 38, Massachusetts. This precision 
coniputer was designed for automatic 
histogram plotting of spectral information. 
Tt can be used in physical experimentation 
for studies of spectral effects (absorption 
or scattering), and spectral examination 
for isotopic identification and purity. 


> \ new constant voltage reference sup- 
ply, to replace No. 6 dry cells in instru- 
ments and controls, is now available from 
Performance Measurements Co., 15301 
W. MeNichols Rd., Detroit 35, Michigan. 
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This new unit, the Model CVR-10, pro- 
vides an output of 1.5 volts at 6 milli- 
amperes, with '/;% stability over input 


> Ion Exchange Products, Inc., 9349 S. 
Cottage Grove Ave., Chicago 19, Illinois, 


voltage variations from 108-125. 


(Continued on page A112) 


ASK FOR— INSIST ON — 


Percentage-wise, yes, and dollar-wise, 
too, the money any laboratory spends 
for laboratory tubing amounts to little. 
But the cost of using inferior quality 
tubing can be extremely high. Contam- 
ination of a single solution might cost 
more than a year’s supply of tubing. 


That's basically why laboratories the 
world over use Tygon plastic tubing — 
insist on Tygon — refuse to accept tub- 
ing sold as “just as good as Tygon.” For 
laboratory technicians know Tygon is 
the one tubing completely “neutral” — 
neither affecting nor being affecteu by 
virtually any solution they might use. 


Add to this outstanding and proven 
quality: Glass-clearness, string-like flex- 
ibility, unmatched coupling ease, and 
an availability in a range of sizes to 
meet every need — and it’s easy to see 
why TYGON is the accepted standard 
of laboratories everywhere. 


IT COSTS SO LITTLE TO 


at your favorite laboratory 
supply house 
or Write direct to U. S. Stoneware ¢ Akron 9, Ohio 
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METALAB 


for CLASSROOM LABORATORIES 
A With these 4-Star features: 


vy ECONOMICAL 
) VERSATILE 
sv ADVANCED DESIGN 
“ LONG LASTING 


“= A well-planned Classroom Laboratory does not materialize 
~< out of “thin air’’. Let the METALAB Engineering Staff design 
».~ an economical installation which will render superior serv- 
ice in every respect. Do not hesitate to call on us to solve 
your laboratory problem without any obligation to you. 


Designed for interchangeability — which facilitates 
additions and modifications in accordance with future 


laboratory requirements. Here are a few selected units from our 
complete line of school laboratory 


equipment: 


e Economical and rugged — METALAB equip- 
ment withstands hard use and abuse in 
busy classrooms — resulting in long last- 
ing and versatile installations. 


7000 Series [> 
Multi-Purpose Tables 


These units were designed so that 
Wall Base Cabinets and Storage Units 

may be combined into one integral 
group. This permits many students to 
work efficiently in a limited area. 
Open and Closed Storage Units can am 
be interchanged with a variety of 
Base Cabinets. 


<j 5000 Series 
Student Science Desks: 


These units are ideal for a 4-Student-4-Class 
arrangement. Each student has easy access 
to all service fixtures, and is provided an in- 
- dividual drawer. The unobstructed working 
surface and handy notebook compartment 
allow for better experimental student work. 


Labmaker Service Center: 


This Laboratory Service Center has a 

fixed fittings service center with water, 

electric, gas, and air fixtures. Portable 
METALAB classroom tables may be moved or re- 
moved for demonstrations, experiments, and 
recitations. 


METALAB HAS AVAILABLE A COMPLETE LINE OF SCHOOL 
LABORATORY EQUIPMENT & FURNITURE IN METAL & WOODI 


© Sectional Storage Units 

© Radioactive Equipment 
Special Laboratory Fixtures and Fittings 
Acid-Proof Sinks 
Dark Room and Developing Tables. 


e Instructors and Students Desks 
© Chemistry, Biology and Students Tables 
© Open and Closed Type Chemical Fume Hoods 
© Storage Cases and Cabinets 
@ Home Economics Equipment 
We would appreciate your writing to Dept. A for any information you desire on laboratory equip- 
ment. Our comprehensive catalogs on School Laboratory equipment will be sent to you promptly. 


NORBUTE CIO RPC 


240 Duffy Avenue 


Please visit us in Booths I-57, 1-59, NEA-AASA Show, March 29April 1, Cleveland, Ohio 


OUT OF THE 


Edttor's Sacket 


now Offers 7 sizes of plastic deionizers rat«d 
at service flow rates of 5 gallons per hour 
to 120 gallons per hour. Each D-icn 
Master Deionizer is shipped ready for ion 
exchange and adsorption problems or ‘o 
supply demineralized water. Useful la! - 
oratory and experimental units, the two- 
cell D-Ion Master Deionizers are con- 
structed of transparent plastic materi.l 
which permits observations of the resiiis 
during all phases of operation. 


> Vacuum engineers will find extremely 
useful for a number of computing chores 
the new Stokes vacuum calculator, which 
has just been revised and brought up-to- 
date by the Vacuum Equipment Division 
of F. J. Stokes Corp., 5500 Tabor Rd., 
Philadelphia 20, Pennsylvania, and is now 
being distributed to Stokes’ customers and 
prospects who request it. 


p*A new, complete Temp-Trol Kinematic 
Viscosity Bath which provides +0.02°F. 
uniformity has just been announced by 
Precision Scientific Co., 3737 W. Cortland 
St., Chicago 11, Illinois. This new unit 
allows completely accurate Kinematic vis- 
cosity determinations of Newtonian 
liquids at minimum cost. 

Precision Scientific also offers a Hi- 
Speed Chromatograph which cuts norma: 
chromatographic separation time from 
hours or days to 5 minutes. 


p> The Nalge Co., Inc., 625 So. Goodman 
St., Rochester 20, New York, have a new 
three blade stirrer made of polyethylene 
for use with electric stirring devices and 
also a polyethylene automatic pipet 
rinser. 


> General Laboratory Supply Company of 
Paterson, New Jersey has recently an- 
nounced the production of a new revolu- 
tionary type stopcock for burette tubes, 
pipettes, funnels, etc. 

This new TAPNIK® stopcock is ideal 
where applications require very delicate 
control of the flow of liquids, gases, etc. 
and is said to be completely non-sticky in 
operation. 

Normal plastic stopcocks employ a 
needle valve. Often the thread of the 
needle is in contact with the liquid and 
liable to jam. New TAPNIK® Dia- 
phragm stopcocks eliminate this trouble 
and assure delicate control of flow. 

Further information and literature may 
be obtained by writing to General Labora- 
tory Supply Co., P. O. Box 2607, Paterson, 
New Jersey. 


@ The Cobalt Information Center at 
Battelle Institute, 505 King Ave., Colum- 
bus 1, Ohio, announces a new publicatic:, 
Bibliography on Electroplating Cobalt avd 
Cobalt Alloys. This 16-page bibliograp!iy 
encompasses literature on the electropl:(- 
ing of cobalt and its binary and ternary 
alloys to June, 1957. References ‘0 
United States and foreign patents are i"- 
cluded. 

A newly-revised edition of Corrosin 
Bibliography on Cobalt and Cobalt .\'- 
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in all sizes 
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Ask your dealer for catalog F-957 


World’s largest producer of Plastic Laboratory Ware! 


VOLUME 35, NO. 3, MARCH, 1958 


1610 grams 


Corrosion-Resistant 


No. 4048 
All Exposed Parts of Stainless Steel 
¢ Stable * Low Cost 


Welch TRIPLE-BEAM TRIP-SCALE 


Large Capacity 


High Sensitivity 
0.1 grams 


Fast Weighing 


No. 4048 LOW FORM BALANCE WITH TWO EXTRA WEIGHTS. . $21.00 
No. 4048C. PLASTIC COVER, For No. 4048 
No. 4048W. EXTRA WEIGHT. For increasing the capacity of 

No. 4048 to 2110 grams 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
—————ESTABLISHED 1880—————— 

1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apperatus 
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loys is also offered. This listing contains 
over 150 references to literature published 
to mid-1957. 


@ The GTA Library of Product Informa- 
tion has announced the publication of Bul- 
letin TLP-57, on the new Gaulin “Twin- 
Lobe” Rotary Positive Displacement 
Pumps. Copies are now available from 
J. J. Dwyer, GTA Library, Manton- 
Gaulin, 44 Garden St., Everett 49, Massa- 
chusetts. 


@ Catalogue No. Q6, Fused Quariz, is 
now available from the General Electric 
Co., Lamp Glass Department, Nela Park, 
Cleveland 12, Ohio. 


@ Schaar and Co., 7300 West Montrose 
Ave., Chicago 34, Illinois, offers a new 
(January 1958) issue of Lab-ORATORY 
featuring a variety of laboratory items. 


@ Bio-Rad Laboratories, 802 Delaware 
St., Berkely, California, has produced a 
new Price List “‘C’’ covering radioactive 
isotopes and isotope-labeled compounds. 
This publication adds to previous issues 
an expanded list of carbon-14 compounds 
and new sections describing heavy water, 
deuterium- and tritium-labeled com- 
pounds, and new nitrogen-15 compounds 
of high isotopic concentration. 


@ Custom Scientific Instruments, Inc., 
541 Devon St., Kearny, New Jersey, 
offers a new catalogue No. 58, which con- 
tains illustrations and brief descriptions of 
50 different units for testing in the follow- 
ing fields: textile, plastic, rubber, paper, 
cement, and insulation. 


@ A new, 4page bulletin, No. 60, de- 
scribes the Analytic Systems Co. Model 60 
Ultraviolet Unit which provides a simple 
means of continuously analyzing compo- 
nents in flowing gas or liquid samples that 
absorb ultraviolet or visible radiation, or 
which can be converted or related to a 
suitable absorbing substance. Write An- 
alytic Systems Co., 980 N. Fair Oaks Ave., 


‘Pasadena, California. 


@ Four-page bulletin lists a selection of 
equipment for the oil chemistry labora- 
tory. Most items are designed to meet 
specifications published by American Oil 
Chemists’ Society. For copies write to 
Arthur S. LaPine and Co., 6001 8S. Knox 
Ave., Chicago 29, Illinois. 

@ Just published, the new issue of Will 
Lab Log offers the latest developments in 
laboratory instruments and apparatus. 
It may be obtained from Will Corp., 
Rochester 3, New York. 

@ A limited number of copies of Oil in 
America, the 75th Anniversary pictorial 
map of Standard Oil Co. (New Jersey), 
are now available from Room 1626, 36 
Rockefeller Plaza, New York 20, N. Y. 


@ An 8-page catalogue is available from 
Beckman/Spinco, Beckman Instruments 
Inc., Stanford Industrial Park, Palo Alto, 
California, describing their “Model R” 
system for analysis by paper-strip elec- 
trophoresis. The catalogue also describes 
uses of paper electrophoresis in analyzing 
a variety of materials, with emphasis on 
biochemicals such as proteins, lipopro- 
teins, and hemoglobins. 
(Continued on page A115) 
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Opens New Fields of Research and Control... 


e thermogravimetric analysis 


e investigation of 

EVAPORATION, ABSORPTION, CORROSION, OXIDATION, 
DECOMPOSITION ...and other reactions in which weight-vs-time 
or weight-vs-temperature (or other factor) is significant. 
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Ainsworth Type AU-I Recorder Ainsworth Type BR Analytical Balance 


See it on Display « This new Record-A-Weigh will 
be on exhibit at the Pittsburgh Conference in March and 
the Pacific Chemical Exposition in San Francisco in April. 
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AINSWORTH 


RECORD-A-WEIGH 


Shows 
Instantaneous 
Weight and Rate 
of Change 


This new laboratory instrument com- 
bines the range and accuracy of the 
Ainsworth Analytical Balance with a 
continuous record and automatic 
operation. 


Records weight changes for long or 
short periods on a chart 11” wide 
representing 110 mg. Accuracy and 
readability are plus or minus 1/10 
mg. Capacity 200 grams. 


Automatically adds or subtracts 
weights as required to rescale re- 
corder pen. Range of automatically 
controlled weights is 4 grams. This 
is 40 chart widths—and the record- 
ing is linear all the way. 


Samples can be placed on the balance 
pan or suspended in a controlled 
environment, above or below the 
balance. 


Research 
and development 
of new instruments like this, 
are made possible by 
your purchase of products 


“MADE IN U.S.A.” 


WM. AINSWORTH & SONS, INC. 
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@ A new, 54-page booklet on the proper- 
ties, applications, storage, specifications, 
and testing of Carbowax polyethylene 
glycols has been published by Union Car- 
bide Chemicals Co., 30 E. 42nd St., New 
York 17, N. Y. 


@ A new catalogue showing labora- 
tory equipment and apparatus manufac- 
tured by Eberbach Corporation is now 
off the press. 

This 43-page book contains over 250 
items including laboratory shakers, rota- 
tors, air pumps, cathetometers, electro 
analysis apparatus, and stirrers featuring 
the hollow spindle. All items are fully 
described with prices and illustrated with 
detailed wood cuts. 

A helpful guide, this Catalogue, num- 
ber 57G, is free upon request from Eber- 
bach Corp., P. O. Box 63, Ann Arbor, 
Michigan, 


@ Atomic Research Laboratory, 10717 
Venice Blvd., Los Angeles 34, California, 
offers radioactive isotopes of Iron-55 
(1, 10, 50 we), Iron-59 (1 ue), Cobalt-60 
(1 we), Nickel-63 (1 ye), Ruthenium- 
Rhodium-106 (1 we); aso Zine-65 (1, 10 
ue), Chromium-51 (1, 10, 50 we) and Thal- 
lium-204 (1, 10, 50 uc). All are available for 
immediate delivery without AEC license. 
Isotopes are shipped every Friday via 
airmail at no extra cost. 


@ Schwarz Laboratories, Inc., 230 Wash- 
ington St., Mt. Vernon, New York, has 
announced the first commercial supply of 
AET (2-aminoethylisothiouronium _bro- 
mide hydrobromide), a compound which 
holds great promise for protection against 
radiation damage. 


@ Three new alkyl boric acids (alkyl, 
dihydroxy, boranes) are available in re- 
search quantities from Callery Chemical 
Co., Pittsburgh, Pennsylvania. These 
new materials are reported to be useful 
in a variety of ways. Ask for Technical 
Bulletin No. 710. 


@ A new chemical intermediate, 2-methyl- 
2-ethyl-1, 3-dioxolane, valuable as a 
“blocking”’ agent for ketone groups in the 
synthesis of complex molecules, has been 
introduced by Union Carbide Chemicals 
Co., 30 E. 42nd St., New York 17, N. Y. 


@ Providing broader practical coverage of 
isotopic chemicals, Tracerlab, Inc., 1601 
Trapelo Rd., Waltham 54, Massachusetts, 
now offers, in addition to its extensive 
line of radioactive isotopes, four new com- 
pounds of Nitrogen-15, a stable isotope. 
They are 60% nitric acid, ammonium ni- 
trate, potassium nitrate, and ammonium 
sulfate. 


% The 1958 contest in colloid and surface 
chemistry among college undergraduates 
was announced today by the University 
of Southern California. The contest is 
sponsored by the Continental Oil Co. of 


Houston, Texas, and Ponca City, Okla- 
homa, and is now in its second year. 

Students of chemistry and chemical 
engineering in all accredited colleges and 
universities in the United States and 
Canada are eligible if they are full-time 
undergraduates on April 1. 

A 5000-word report on research con- 
ducted by the contestant in the fields of col- 
loid or surface chemistry or an essay on 
“Radioactive Isotopes in Colloid and 
Surface Chenistry’”’ may be submitted 
for a $500 first prize, $200 second prize, 
$100 third prize, or honorable mention 
prizes of $50. In addition an excellence 
prize of $500 may also be awarded to the 
best entry if it satisfies exceptionally high 
standards. 

Entry blanks may be obtained imme- 
diately from Prof. K. J. Mysels at the 
University of Southern California, Los 
Angeles 7. Awards will be announced and 
distributed by anonymous judges by Sept- 
ember 2. 


*% Professor Giulio Natta, 53-year-old 
Italian chemist and chemical engineer, 
whose work in the field of stereo-specific 
catalysis and giant molecules is revolution- 
izing the theory and practice of polymer 
chemistry, is the director of the Institute 
of Industrial Chemistry at the Polytech- 
nic Institute of Milan. 

Here, under the sponsorship of Monte- 
catini he discovered polymer structures 
of exceptional regularity which he called 
“isotacti.’”” Moreover, he devised the 
catalysts which enabled him to poly- 
merize olefins and diolefins to obtain not 
only such highly “isotactic’’ structures in 
substantial yields but other new structures 
as well. Result: a family of plastics and 
synthetics which are ‘“‘engineered’’ to pro- 
vide desired end properties. Monteca- 
tini’s “MOPLEN” polypropylenes are the 
first such plastics to reach commercial 
production. 


* A purification process for substances 
that are difficult to purify under standard 
conditions has been developed by the 
National Bureau of Standards. The 
process, called “fractional melting’’ because 
of its close analogy to fractional distilla- 
tion, was devised by A. R. Glasgow, Jr., 
and G. 8. Ross of the Bureau’s pure sub- 
stances laboratory to meet the continuing 
demand for purer materials in scientific 
research. It has been applied to the puri- 
fication of 2,5-dichlorostyrene, which is 
used as a “potting agent’’ in electronic 
components. 

Conducted in a closed, inert system 
under equilibrium conditions, the frac- 
tional melting procedure is well suited for 
the purification of substances that are 
corrosive, hygroscopic, toxic, or reactive in 
air. It has several advantages over the 
conventional fractional crystallization. 
These include easy separation of contam- 
inants and convenient purification of 
small samples, with a high percentage of 
yield. 


*% Two useful wall charts containing 
helpful suggestions on How to Handle 
Becco Hydrogen Peroxide Safely and How 
to Test Becco Hydrogen Peroxide Bleaching 
Solutions are being offered by Becco Chem- 
ical Division, Food Machinery and Chem- 
ical Corp., Buffalo 7, New York. 
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Quick ... accurate... 
gas chromatography 


CENCO* vapor phase analyzer 


A most practical instrument of wide temperature range for the 
analysis of gases or volatile liquids by gas chromatography. 
Based on the elution technique, the Cenco Analyzer gives a 
simple reliable method of analyzing chemical and petroleum 
components quickly and accurately. Built around the popular 
Cenco constant temperature oven, it provides sensitive control 
from ambient room temperature to 200°C. Handles liquids which 
boil over 300°C. Quick-change columns, built-in gas sampling 
valve and unique liquid sampling feature facilitate analyses. 
Large variety of column materials available. 


No. 70130 Cenco Vapor Phase Analyzer comes equipped with 
Gow-Mazc detection cell, sensitive pressure regulator, flowmeter 
1 to 83 ml/min range, 10 ft. coiled column of Di-2-ethylhexy! 
phthalate, syringe, temperature controls, thermometer, built-in 
regulated power supply, but without recorder 


Write for Bulletin 275. 


cence CENTRAL SCIENTIFIC COMPANY 


mont of General Offices and Factory—1718-E Irving Park Road Chicago 13, Illinois 
oratory supplies in the world Branches and Warehouses—Mountainside, N. J. « Boston « Birmingham 

Central Scientific Co. of California—Santa Clara e Los Angeles 

Refinery Supply Company—Tulsa e Houston 

Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver e Ottawa 
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DEMONSTRATION ABSTRACTS 


from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


7Se ENERGY (Continued from February) 


B. ELECTRICAL ENERGY (Continued) 


Electromotive force 
7-23s Direction of electron flow. Use a U-tube with agar par- 


tition for making a galvanic cell; similar to MELDRUM, 
W. B., 25, 490 (1949), Dem. 6-42s but projection is not 
necessary. Compare cells for direction of current flow with 
that from a dry cell where the polarity is known. (Dam- 
EREL, C. I., 29, 296 (1952).) 

Heats of formation and e.m.f. See Dem. 7-9s-b. (a) 
Dip sheet of Zn into CuSO,-aq.: Cu coats out, solution 
turns colorless. (b) Connect plates of Cu and Zn with a 
voltmeter and dip plates into CuSO,-aq.: 1.1 volts is 
generated. (c) Arrange Zn/Zn*++//Cu**/Cu in two sec- 
tions connected by a salt-bridge: maximum voltage is ob- 
tained since the Cu can discharge on the Cu instead of on the 
Zn, asin (b). (d) Simultaneously dip plates of Cu and of 
Zn into AgNO;-aq.: a clear solution is obtained, showing 
that Zn*++, not Cu++,isformed. Explain in terms of heats 
of formation, Dem. 7-9s-b. For forming 2N solutions 
of the nitrates Zn, Cu, and Ag are 569, and 303, and 206 
Kjoules; therefore Zn to 2 Ag* is 363 Kj and Cu to 2 Ag* 
is only 97 Kj, and the reaction yielding the greatest 
amount of free energy takes place. (Cxiinton, G., 8, 
683 (1931).) 


Electric cells 
7-25s Dry cell. A student project, not lecture demonstration. 


(ScuwEnkK, H. L., 6, 778 (1929).) 


7-26s Dichromate cell. Amalgamate two Zn rods by dipping for 


7-27s 


7-288 


a few minutes in HgCle-aq. Immerse these rods, and a 
carbon rod, in a 600 ml. beaker containing 400 ml. H.0+ 
50 g. KeCr.0; + 100 ml. conc. H.SO,. Connect in series 
with a voltmeter and push-button: 2 volts are generated. 
Also connect ir series with a rheostat, ammeter aud elec- 
trodes of plating baths. Dem. 6-29s and 6-30s. (Bacn- 
MAN, G. B., and FarReE.L, J. K., 10, 689 (1933).) 


Concentration cell. Conc. and dil. ZnSO, generate a 
measurable e.m.f. in a rather complicated apparatus, 
shown in article. (ZmMaczyNsk1, E. W., 18, 446 (1941).) 
Some cells. (a) Primary cells. (1) Mix sodium sili- 
cate-aq. (sp. gr. 1.05) with an equal volume of HOAc-aq. 
(60 ml. glacial HOAc + 940 ml. H:O); divide solution 
into 20 ml. portions, and add 1-2 ml. of aqueous ZnSO,, 
SnCl, or Pb(NO;)2. (2) Pour into U-tube containing a 
cotton plug to minimize mixing of anolyte and catolyte. 
When the gel has set, place Zn, Pb, or Sn strips in the 
respective solutions. (3) Test with a galvanometer: 
deflection shows current is generated. (4) Short-circuit 
by connecting the electrodes, and allow to stand this way 
to form lead or tin trees, which may be preserved by re- 
moving the electrodes and stoppering the U-tube. 

(b) Mix equal volumes of 3N H.SO, + sodium silicate 
(sp. gr. 1.16); then add 1-2 aq. concentrated FeCl, or 
ZnSO,, or CuSO, to 20 ml. portions of the solution. Pour 
into U-tube; when set, place the corresponding metal 
electrodes in them. Test with galvanometer to deter- 
mine polarity, and show they produce electricity. Then 
short-circuit and observe (1) formation of Cu trees in a 
week, with Cu electrode less blue near the electrode, due 
to Cu** diffusing into the gel due to cell reaction, (2) cor- 
rosion of Zn or Fe electrodes. 

(c) Modify (6) by replacing Cu cathode with a graphite 
rod; upon short-circuiting, Cu is plated and a Cu tree 
subsequently forms. 

(d) Other combinations: (1) Mg/MgS0O,-aq.//Pb*+*/Pb 
gives a small lead tree in an hour, a heavy tree in 24 hours. 
(2) Mg/MgS0,-aq.//SnCh-aq./Sn in silica gel gives tin 


tree in 2 hours, a heavy tree in 2 days. (Sremsacs, 
O. F., 21, 32 (1944).) 


Electricity consumed 

7-29s Light filament. Pass current, via a rheostat, through 
spirals of thin wire of different metals attached to two 
stout Cu electrodes inside of a round-bottom flask; as the 
flask is evacuated, the wires glow more brightly, and 
eventually burn out; only tungsten wire survives. (Fring, 
I., 8, 929 (1931).) 

7-30s Photoflash bulb. Electrically heat Al foil inside of a liter 
round-bottom flask of O2, using a red phosphorus primer; 
see article for details. (Kamin, H., 10, 566 (1933).) 


C. LIGHT ENERGY 


Light evolved 


7-31s Chemiluminescence. (a) All experiments using Lu- 
mino] in Dem. 7-12 (Huntress, E. H., Sranuey, L. N., 
and Parker, A. S., 11, 142 (1934).) 

(b) Preparation of chemiluminescent salts, theory; see 
Angew. Chem., 48, 57 (1935). (Gen, K., and Perscn, W., 
12, 346 (1935).) 

(c) Into ozonized air spray 25 g. safranin + 100 ml. 
ethanol: brilliant luminescence. Run a stream of 30% 
H,0, into another stream containing 50 ml. 10% pyro- 
gallol-aq. + 50 ml. of 40% KOH-aq., + 35 ml. of 40% 
formaldehyde: brilliant hae! glow. (Ayres, R. P., 13, 
497 (1936), abstracted from Sch. Sci. Rev., 17, 615 (1936).) 

(d) Less brilliant than Dem. 7-12. (1) Let 25 ml. benz- 
aldehyde + 100 ml. NH,OH stand in a stoppered flask 
three days: forms a cake. Wash with water, then alco- 
hol, then heat with stirring until a brown liquid forms, 
which cools to a glass mass (crude lophine). Solution 
A: 2g. of crude lophine + 100 ml. alcohol. Solution B: 
10 ml.3% H.O2 + 90 ml.ethanol. SolutionC: 5g. KOH + 
75 ml. H,O + 25 ml. ethanol. Solution D: 10 ml. Chlorox 
+ 90 ml. water. Mix 10 ml. A+25 ml. B + 20 ml. C; to 
this, in a dark room, add 25 ml. D: luminesces yellow. 
(2) Much fainter. Mix B + C + D + an aqueous or 
alcoholic extract of coffee, cayenne pepper, black pepper, 
tea, cocoa, ginger, yeast, mustard, urine, or carbohydrates 
which have previously been heated or fused. (CoTTMan, 
E. W., 14, 236, (1937).) 

(e) Solutions which glow longer periods than usual, and 
so can be photographed. Unfortunately the author does 
not specify volumes of solutions, so the demonstrator 
is on his own. Solution A: 1 part defibrinated cow blood 
in 50 parts water. Soln. B: urine. Soln.C: 20 ml. of 
40% NaOH-aq. + 1800 ml. MeOH + 200 ml. of 3% 
H20:. Soln. D: Half-saturated lophine (see d ) in 
MeOH. Soln. E: 200 ml. of 3% H:O: + 1800 ml. MeOH. 
Soln. F: 600 ml. Chlorox, commercial sodium hypochlorite, 
+ 200 ml. of 40% NaOH-aq. + 1400 ml. H.0. Soln. G: 
1 g. luminol, Sentoohtiniie drazid, + 160 ml. 5% 
NaOH-aq. + 1840 ml. H,0. Soln. H: 40 ml. of 3% 
HO, + 1960 ml. of H:O. Soln. J: 1:10 mixture of 
Chlorox: water. (1) A + B + C: glows 2 hours, restore 
by adding C; expose 14 hours. (2) D + E + F: glows 
yellow for 1 hr.; expose 80 min. (3) G + H +I: blue; 
expose for 15 min. (Corrman, E. W., 16, 292 (1939).) 

(f) (1) From legumes. Soln. A: 90 ml. ethanol + 10 ml. 

% H:O2. Soln. B: 5 g. KOH + 75 ml. H,O + 25 ml. 
ethanol. Soln. C: 90 ml. water + 10 ml. NaOCl-aq. 
Mix, in complete darkness, 4 ml. of hot bean extract with 
4 ml. A + 4ml. B + 10 ml. C: light is emitted for 4 sec- 
onds. (2) Modification of Trautz-Schorigin reaction. 
Mix 20 ml. of 5% pyrogallol-aq. + 20 ml. formalin + 20 
ml. of 10% sodium carbonate-aq.; add this mixture in 
complete darkness to 20 ml. of 3% H:O:: luminesces. 
(Jounson, L. D., 17, 295 (1940).) 

(g) Soak absorbent cotton in luminol-aq.; pour peroxide 
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and potassium ferricyanide-aq. upon it; wring out in dark: 
luminescent. (ARENSON, 8. B., for THrun, W. E., 17, 
513 (1940).) 

(h) (1) Sprinkle potassium ferricyanide (or catalyst A) 
on the surface of a tall cylinder containing luminol + 
H.O.-aq.: long luminescent streamers are produced. 
(2) Squeeze luminescent solutions from a sponge. (3) 
Pour luminol + catalyst A over snow. (SCHNEIDER, 
H. W., 18, 347 (1941).) 

(i) Review of luminescent research. Use equal vol- 
umes of (1) 0.1 g. luminol + 10 ml. of 5% NaOH per 
liter HO, and (2) 0.25 g. potassium ferricyanide + 10 ml. 
of 3% H.O:2 per liter H,O. Zellner, K., and Dougherty, 
G., J. Am. Chem. Soc., 59, 2580 (1937), found maximum 
luminescence with 0.02M luminol and 0.015N NaOH. See 
Dem. 7-12. (LeEepy, W. G., 21, 142 (1944).) 

7-32s Fluorescence. (a) Fluorescein. One part in 10” is 
visible; 1 part in 10" can be detected in a specially long 
tube; several experiments described in article. (SraB- 
ber, H., 2, 310 (1925); abstracted from The Reclamation 
Record, 12, 3, 122 (1921).) 

(b) Fluorescent dye. Heat a little phthalic anhydride 
+ resorcin + a drop of conc. H2SQ,; cool; extract the 
dye with NaOH-aq.; pour into a tall jar of alkaline water: 
fluoresces in the sunlight, giving a rainbow of colors. 
(Strong, V. H., 4, 630 (1927).) 

(c) Fluorescence of common materials. Use UV light to 
detect acetone in alcohol, benzoates in food products, and 
in distinguishing silk from rayon, ivory from celluloid, 
white lead from zinc white, gems from paste, and true 
from parchment paper. (Sturmer, J. W., 8, 1201 (1931) 
abstracted from Am. J. Pharm., 103, 62 (1931).) 

(d) Metal oxinates. See article for details of many 
tests suitable for student experiments. (1) Form Al-oxi- 
nate, which fluoresces in UV, from (a) adding a drop of 
acidified Al-oxide + alcoholic oxine on filter paper + NH; 
vapor, (b) grinding Al-oxide + oxine, (c) dissolving 20 
mg. oxine in 5 g. molten naphthalene + 0.1 g. alumina, 
(d) melting oxine in crucible, cooling, and holding it 
over alumina on filter paper. (2) Moisten filter paper 
with solution containing 10.5 mg. oxine + 20 ml. chloro- 
form; evaporate: qualitative paper, which contains Ca, 
Mg, etc., fluoresces, quantitative paper does not. (3) 
Form and test fluorescence of solid oxine HCl. (4) Form 
fluorescent sol by adding a solution of oxinate in hot 
dioxane dropwise to water. (5) Spray, from a_ nasal 
atomizer, 8 ml. of ether saturated with Al-oxinate con- 
taining a lubricating oil in a 1-liter beaker inverted above 
a 2-liter beaker, to catch ether vapor and oil drippings: 
vapor fluoresces and can be blown from beaker to beaker. 
(Fera., F., and Hetste, G. B., 29, 192 (1952).) 

7-33s Phosphorescence. Expose ZnS to light; place inside of a 
box painted black inside; pass around to the class: phos- 
phoresces. (Stonz, C. H., 4, 630 (1927).) 


Light consumed 

7-34s Hydrogen + chlorine. See Dem. 20-8, better than 7-14, 
(a) Lead Cl; to the bottom half of a tall cylinder through 
a tube in a 2-hole stopper; lead He in to the top half 
through a shorter tube. Expose to sunlight: no ex- 
plosion, but slow combination; the yellow line rises and 
finally HCl-fog issues from the top of the cylinder. 
(RiscuseirH, P., 9, 156 (1932)); abstracted from Z. 
physik. chem. Unterricht, 44, 117 (1931).) Atysna: 
probably air present prevented explosion; a dangerous 
experiment. 

(b) Cl, in an upper 150 ml. bulb joins through a join- 
ing stopcock into He: in a lower 150 ml. bulb in sunlight: 
the gases unite unexplosively (Atyga: luck?). A tub- 
ing with stopcock attached to the lower bulb is immersed 
in water: no pressure change during reaction. (ALYEA: 
why not HCl dissolve creating a vacuum?) (RiscHBIETH, 
P., loc. cit.) 

(c) Fill test tube with H: + Cl. by displacement of 
brine; stopper with paraffined cork; set in toy cannon 
whose barrel has a window. Shine in arc light; interpose 
filters; show blue, no red light is effective in shooting off 
cannon: (WALTON, J. H., 19, 453 (1942).) 

(d) Show H: + Cl. on a projection manometer; show 
effect of blue versus red light, of inhibition. of heating 


effects. (Furcason, C. M., and Moors, J. W., 20, 
41 (1943).) 

Photo brominations. (a) Br: + toluene. Drop Br. into 
toluene: no reaction. Drop Br: into toluene illumi- 
nated by a photoflood lamp: vigorous bromination to form 
C.H;CH-Br. Diagram of apparatus given. (Sears, G., 
W., 2, 146 (1925); see Warrs, O. O., Jour. Amer. Chem. 
Soc., 40, 1210 (1924).) 

(b) Bre + cinnamic acid. Using a solution of Br. in 
CCl as standard, illuminate Br. + cinnamic acid + 
No concentrations stated in article. 
W. W., 11, 175 (1934).) 

(c) Bre + tartaric acid. (PickuEs, A., 12, 347 (1935); 
see original article in Sch. Sci. Rev. 16, 417 (1935).) 
7-36s Photo-oxidations. (a) Mix equal volumes of 4% HgCl.- 

aq. and ammonium oxalate-aq.; divide into two parts; 
expose one to bright sunlight: turns orange; compare with 
original sample. 

(b) Mix ferric chloride with potassium ferricyanide-aq. 
+ a little oxalic acid; expose to light: turns dark due to 
photo-reduction (Dem. 21-29) of Fe(III) to Fe(II) giv- 
ing blue ferrous ferricyanide. (Stonz, C. H., 4, 630 
(1927).) 

(c) See original article, not in abstract, for O2 + Mel. 
and for ammonium oxalate + In. (Pickus, A., loc. cit.) 

(d) Mix 10 ml. of 0.001M thionine (0.23 g./liter of 
solution) + 10ml. 6N H.SO, + 480 ml. H,O + 2 g. hy- 
drated ferrous sulfate (or an equivalent amount of Mohr’s 
salt). Illuminate with a 250-watt spotlamp 2 cms. above 
the surface of the solution: solution bleaches. Turn off 
the light: the color returns in a few seconds. (HeErpr, 
L. J., 26, 525 (1949).) 

(e) Keep test tube of reactants in the dark in a metal 
sleeve. (Hausen, 8. 5S., 10, 188 (1933).) 


Photography (All of sections 7-37s through 7-47s is from 
ARENSON, S. B., 18, 122 (1941). Make up the following 
solutions. Soln. A: inorganic developer. 30 g. NaHSO; + 
20 g. sodium hydrosulfite + 1000 ml. H.O. Soln.B; metol 
developer: 500 ml. H:O at 52°C. + 6.2 g. metol + 45 
g. NaSO; + 67.5 g. Na,CO; + 1.9 g. KBr + water to 
make 1 liter. Soln. C, fixing bath: 2 liters HO + 480 g. 
Na2S:0;; when thoroughly dissolved, add slowly, with 
constant stirring, 160 ml. water at 52°C. + 30 g. Na»- 
SO; + 96 ml. of 28% acetic acid + 30 g. potassium alum. 
Soln. D, bleaching bath: 1000 ml. H2O + 4 g. KMn0, 
+ 2.2 ml. cone. (98%) HSO,. Soln. E, stain remover: 
2-5% NaHSO;-aq. Soln. F, gold-toning bath: 10 g. 
fused sodium acetate + 1 g. borax + 25 ml. 1% Au Cl;- 
aq. + water to make 1 liter. Soln. G, blue (iron) toning 
bath: 60 ml. 10% ferric ammonium citrate-aq. + 60 
ml. 10% potassium ferricyanide-aq. + 600 ml. 10% 
HOAc-aq. Soln. H, red (copper-ioning bath): 3.2 g. 
potassium ferricyanide + 16 g. potassium citrate + 600 
ml. H,O mixed with 4 g. CuSO, + 16 g. potassium ci- 
trate + 600 ml. HO. Soln. I, sepia (sulfide) toning bath: 
200 g. Na2S.O; + 1000 ml. H.O. Soln. J, mercury bleach: 
22.5 g. KBr + 22.5 g. HgCle + water to make 1 liter. 
Soln. K, physical . intensifier. Make four solutions: 
(1) 60 g. AgNO;/liter, (2) 60 g. Na.SO;/liter, (3) 105 g. 
Na2S.O;/liter, and (4) 15 g. NaSO; + 24 g. Metol + 
water to make 3 liters. Stir 1 slowly into 2; then add 3 
which dissolves the white precipitate. Let stand, and 
when clear, add 4 with constant stirring. Use within 30 
minutes. Soln. L, sub-proportional reducer: 5 g. potas- 
sium ferricyanide + 10 g. ammonium sulfocyanate + 
water to make 1 liter. Soln. M, super-proportional re- 
ducer: 500 ml. H,O + 60 g. ammonium persulfate + 3 ml. 
conc. HSO + 1 liter H,O. Soln. N, proportional reducer. 
Use solutions (1) 0.25 g. KMnO, + 15 ml. 10% H.SO, + 
water to make 1 liter and (2) 7.5 g. ammonium persulfate in 
3 liters of distilled water; mix immediately before use. 
Soln. O, glycine developer: 15 g. NasSO; + 45 g. K2CO; + 
10 g. glycine + water to make 1liter. Soln. P, non-buffered 
developer: 187 g. Na2SO; + 21.5 g. metol + 43 g. hydro- 
quinone + 43 g. NaOH + water to make 1 liter. Soln. 
Q, sensitizing solution: 40 ml. 95% ethanol + 4 ml. pina- 
cyano! stock solution (0.1% + 2 ml. cone. NH,OH + 
60 ml. H,0). 


(Topic 7s will be continued in April) 
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You stimulate the teaching of photosensitization processing, photochem- 
istry, and chromatography by using Hanovia equipment to effectively 
demonstrate many photochemical applications. 


In rapidly growing commercial usage, Hanovia Photochemical Equip- 
ment is proving to produce greater output in less time, effecting sub- 
stantial savings. Photosensitization processes to be studied may include: 
synthesis, decomposition, hydrolysis, hydrogenation, oxidation, reduc- 
tion, polymerization, bleaching, precipitation, isomeric change, and halo- 
genation. 


In addition you may use the Hanovia Utility Model Quartz Lamp in 
all phases of ultraviolet photography including “reflected ultraviolet pro- 
cedure” and the “fluorescence method.” The lamp is highly satisfactory 
for illumination of optical apertures, for microscopy and absorption 
Spectra studies. 


Get full information on these valuable teaching tools by writing with- 
out obligation today. 


HANOVIA LAMP DIVISION 


100 Chestnut Street « Newark 5, New Jersey 
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Hanovia Laboratory Photochemical 
Reaction Equipment. 

Immersion wells, high-pressure mercury- 
vapor ultraviolet lamps, and controls. 
Enables reaction techniques to be evolved 
and evaluated. Permits studies of actinic 
processes, admixture of reactants and 
temperature control. Fits standard 5 to 
12 liter laboratory flasks. 


Hanovia Utility Model Quartz Lamp. 
Compact powerful laboratory-size ultra- 
violet lamp is of major value for pre- 
liminary determination of the potential 
benefits of photochemical reactions. Ex- 
cellent for classroom or laboratory, the 
lamp is extremely flexible in use with 
the housing turning readily from a ver- 
tical to a horizontal position. Weighs 
only 18 Ibs. 


YOURS ON REQUEST: 

Valuable, informative 16-page brochure, 
PHOTOSENSITIZATION, a review, 
details facts on Photochlorination, Oxi- 
dation, Hydrolysis and Hydrogenation, 
Polymerization, Bromination, Isomeric 
Transformation, Decomposition, etc. 
Each subject is fully described in light 
of proven techniques and results, with 
complete bibliography included. Write 
today for your copy without obligation. 
Dept. CE-3. 
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NON-SPARKING-SPEED CONTROLLED—LONG WEARING 
Welch ELECTRIC STIRRER 


with Sparkles 


INDUCTION TYPE MOTOR 


Stabilizing Watt-Type Governor 


Speed Adjustable from 200 to 
1400 Revolutions Per Minute - - 


Reduces Explosion Hazard 


The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, wil] not burn out 
if stalled by overloading. 


Governor-controlled 


Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
at the top of the shaft. A locknut for this adjustment 
is provided. A Watt-type governor incorporated 
within the motor housing stabilizes the speed. It oper- 
ates such that any decrease in speed caused by addi- 
tional viscous drag in the fluid causes the governor 
weights to move inward, thus reducing friction between 
the control surfaces and automatically increasing the 
net torque exerted. The speed of the stirrer therefore 
remains relatively constant under the moderate load 
fluctuations usually encountered. 


Long Life 

Both ends of the motor shaft are equipped with ball 

arings properly designed to carry the necessary axial 
and radial thrusts when the stirrer is operated vertically 
or at an angle. Lubrication is required very infre- 
quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
is permanently lubricated. The control surfaces in the 
governor are made of materials which show negligible 
wear even after long service. 

The lower end of the shaft carries an adjustable 
check which takes any size shank up to !/, inch. The 
stirrer is supported by means of a 13-mm. rod, 20 cm. 
long, threaded into the side of the housing. The 
opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in elec- 
trolytic work or for grounding the motor housing. 


5230 ELECTRIC STIRRER, Sparkless. 
Complete with 6-foot connecting cord, line switch and 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
a step-down transformer to permit operation on 230 


— 


plug. For operation on 50 or 60 cycles, 115 volts 


Each $54.75 volts 50 or 60 cycles A.C. Each $64.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1888 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Scientific Glassblowing 


By E. L. Wheeler, University of California, Los Angeles. 1958. Approx. 494 pages, 

290 illus., 59 tables. Approx. $10.00 
A splendid “how-to” book describing glass blowing from A to Z, and going beyond this to such 
subjects as purification of mercury, high vacuum technique, and the design and construction of 
distilling apparatus. 


Progress Report in Chemical Literature Retrieval 


Edited by Gilbert L. Peakes, Bakelite Company, Union Carbide Corp., Allen Kent and 
Jomes W. Perry, Center for Documentation and Communication Research, School of Library 
Science, Western Reserve University. 1957. 229 pages, 76 illus., 22 tables. $4.75 


Volume I of ADVANCES IN DOCUMENTATION AND LIBRARY SCIENCE, General Editor, 
JESSE H. SHERA. This series of Advances is devoted to one of the great problems of our 
time—making full use of our information, and not letting it become buried in libraries. 


Volume I of the series, consists of two symposia held by the Division of Chemical Literature 
of the ACS. (Fall 1955 and Spring 1956) discussing conventional—and many nonconventional— 
methods for the retrieval and correlation of literature, and their application to widely different 
problems in chemistry. 


Colorimetric Determination of Nonmetals 


Edited by David F. Boltz, Wayne State University, Detroit. 1958. (Chemical Analysis, 
Vol. Vill) 390 pages, 49 illus., 15 tables. $8.50 


Colorimetric determinations are among the most convenient, as well as the most sensitive meth- 
ods for trace elements. For the metals, Sandell’s “Colorimetric Determination of Traces of 
Metals” (Interscience, 1950) has long been a classic. It is now supplemented by this work in 
which 4 Boltz and his contributors show how the same techniques can be applied for the 
non-metals. 


The Effects of lonizing Radiation on Natural and Synthetic High Polymers 


By Frank A. Bovey, Minnesota Mining and Manufacturing Co. 1958. (Polymer Reviews, 
Vol. !) Approx. 310 pages, 47 illus., 21 tables. Approx. $7.00 


Volume I of Polymer Reviews, a new series of short books devoted to subjects of lively topical 
interest in the field of polymer chemistry. 


“Ionizing Radiation” includes x- and gamma rays, electrons, protons, deuterons, alpha particles 
and neutrons. Its effects on organic substances are of such theoretical and practical importance 
that the interest of this book will go beyond the field of polymers to the whole of organic 
chemistry. 


Industrial Hygiene and Toxicology 


Second Edition. In Three Volumes. Edited by Frank A. Patty, Head, Industrial Hygiene 
Dept., Research and Laboratory Division, General Motors Corp. Volume |: 1958. Ap- 
prox. 858 pages, 136 illus., 103 tables. Approx. $18.00 


Second revised and enlarged edition of a well-known classic devoted to the causes, detection and 
elimination of environmental hazards in industry. 


Encyclopedia of Chemical Technology 


Supplement Volume. Edited by Raymond E. Kirk and Donald F. Othmer, Polytechnic In- 
te of Brooklyn, N. Y. Assistant Editor: Anthony Standen. 1957. 992 pages. 
5.00 


Keeping up to date? Containing its own index, this Supplement Volume presents 51 articles on 
subjects of outstanding interest in chemical technology. Sample entries: Boron hydrides—Com- 
puters—Fluidization—Irradiation of . polymers—Psychopharmacological agents—Solid state— 
Urethane polymers. 


INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue, New York I, N. Y. 
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ELECTROLYTIC 
CONDUCTIVITY 


OUR 
BUSINESS! 


Industrial Instruments offers the most.com- 


‘plete line of electrolytic conductivity equip-- 


ment for the measurement and control of 
solution concentration. Standard models are 
available for use in all conductive solutions, 
ranging from distilled water to concentrated 
acid and alkalis, and in all temperature ranges. 


TYPE RC LABORATORY 
CONDUCTIVITY BRIDGE 


VERSATILE: Wide range of measurement from 
less than 1 to more than 100,000,000 ohm-cm. 


ACCURATE: Within plus or minus 1% of resistance. 


VARIABLE SENSITIVITY: Up to maximum of + 
14%. Adjustable for rapid balancing. 


EXTRA LONG SCALE: 84” effective length. 


CONDUCTIVITY 
CELLS 


BODY MATERIAL: 


To fill every temperature, pressure, 

or corrosion resistance requirement. 

Polystyrene, lucite, epoxy, nylon, polyethylene, 

bakelite, hard rubber, teflon, Kel-F, stainless 
steel, nickel, Monel or glass. 


ELECTRODE MATERIALS: Nickel, platinum, 
graphite, gold or tin. 


PHYSICAL RANGE: Pressure up to 7000 psi. 
Temperature up to several hundred degrees F. 


CONDUCTIVITY RANGE: Complete line of cell 
constants for all applications from measure- 


ment of ultra pure water to highly concen- 
trated solutions of acids, alkalis and salts. 


WRITE . . . for latest Conductivity 
Equipment Catalog and Price List 


Industrial 
Instruments inc. 
89 Commerce Aoad, Cedar Grove, Essex County, NJ 


Recent Books 


Since the earlier “Traité de Chimie 
Minérale was published in 1931-34, it is 
felt that more references to the literature 
of recent years should appear than do. 
The bibliographies also indicate that 
rather extensive use of abstracting journals 
has been made as sources. Only 146 
periodical titles appear as primary sources. 


R. KRUMM 
UNIVERSITY OF FLORIDA 
GAINESVILLE, FLoRIDA 


PROJECT ENGINEERING OF PROCESS 
PLANTS 


H. F. Rase, Associate Professor of Chemi- 
cal Engineering, -University’ of ‘Texas, and 
M. H. Barrow, Project Engineer for the 
Foster Wheeler Corporation. John Wiley 
& Sons, Inc., New York, 1957. xii + 692 
pp. 155 figs. 15 X 23.5 cm. $14.25. 
Textbook edition, $12. 


“Tue design and erection of a process 
plant could never be completed solely 
by members of one branch of engineering. 
It must result from coordinated efforts of 
chemical, mechanical, electrical, and civil 
engineers, chemists, and specialists from 
many other fields. This combined effort 
must be directed by a single individual. . . 
the project engineer.”” This text has 
been written by two men who have had 
broad experience as project engineers 
for process plants—petroleum, chemical, 
and the like. They have divided the 
book into the four major divisions of 
work encountered in the project engineer- 
ing of a new plant. These are (1) Major 
Steps in Plant Design, (2) Business and 
Legal Procedures, (3) Details of Engineer- 
ing Design and Equipment Selection, 
and (4) Constructions of the Plant. It 
is obvious that the project engineer must 
have a breadth of training and experience. 

Individual chapters in Part 1 list the 
major steps in plant design and enu- 
merate items of information that must be 
secured so that the design will be sound. 
These steps deal with plant location, 
preliminary data for construction projects, 
process engineering, plan diagrams, plot 
plans, scheduling the project, and engi- 
neering design and drafting. The chemical 
engineering student in school may have 
been exposed to a certain amount of proc- 
ess engineering, that is, the develop- 
ment, evaluation and design of a chemical 


‘process. But seldom has he seen the 


larger picture of constructing the operating 
chemical plant. Rase and Barrow give 
him this broader picture. 

The business and legal procedure given 
in Part 2 are usually outside of student 
training unless he has taken business 
courses. Those discussed here are pro- 
curement operations, office procedure, 
and contracts and contractors. The 
student learns that letter writing turns 
out to be one of the big jobs of the engineer, 
and here are given examples of inter-office 
and outside correspondence. 

The student will feel more at home in 
Part 3 on design and equipment selection, 
because his course in unit operations has 


(Continued on page A124) 


Supplements for each chap- 
ter make the book usable 
for either the one-semester 
or the two-semester course. 


Sixty pages of introductory 
concepts; 480 pages of 
basic text; 222 pages of 
advanced Supplements. 


ELEMENTARY 
QUANTITATIVE 


ANALYSIS: 
Theory and Practice 


W. J. Blaedel 
V. W. Meloche 
University of Wisconsin 


No. Illustrations...........130 
No. Experiments. ..........29 
Illustrative examples.......209 
Questions and problems. .. 1543 
Pages of Appendices.......18 


Teachers of Quantitative 
Analysis: write for an exami- 
nation copy. 


Row, Peterson & Co. 
Evanstan, Illinois 


JOURNAL OF CHEMICAL EDUCAT:ON 
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CHEMISTRY | 
TEXTS 


Saunders 


SATION 


This New (2nd) Edition is intended for a standard first-year 
course. The order of presentation is as follows: monofunc- 
tional aliphatic compounds; monofunctional and polyfunc- 
tional aromatic and heterocyclic compounds; and polyfunctional 
aliphatic compounds. The student is introduced to the subject 
matter gradually. No compound is used in methods of prepara- 
tion or in reactions unless its structure has been previously dis- 
cussed. Considerable emphasis is placed on the explanation of 
physical properties and on the mechanisms of organic reactions. 
For this New (2nd) Edition a great number and wide variety of 
problems are provided. They have been separated from the re- 
view questions to facilitate assignment. There have also been 
extensive changes in the discussion of the structure of starch 
and insulin and the mechanisms of aromatic substitution. The 
material previously presented in the chapter on The Mechanisms 
of Organic Reactions is now distributed throughout earlier 
chapters. 


wc CARL NOLLER, Professor of Chemistry, Stanford University. About 670 pages, 6'/s” x 9/4”, illus 
New (2nd) Edstion—Ready April, 1958! 


New (2nd) Edition! 
Noller—Textbook 
of Organic 
Chemistry 


Revised to keep pace with major advances in biochemistry, this 
New (7th) Edition introduces the student to individual sub- 
stances, outlines their classification, and gives their molecular 
configuration. For this revision the authors have virtually re- 
written the chapters on intermediary metabolism, incorporating 
the latest information. This material is illustrated with vivid 
H arrow and Mazur— accounts of the techniques employed in tracing the metabolic 
pathways of the carbohydrates, lipids, proteins and nucleic 
acids. The chapter on nucleoproteins represents a distillation 
Textbook of of the most recent advances in this field. Purine and pyrimidine 
bases, nucleosides and nucleotides are fully described to make 
the structures and activities of nucleoproteins more understand- 
able to the student. Biological oxidations and the chemistry of 
blood respiration have also been revised to keep the book abreast 
of current developments in biochemistry. 
By BENJAMIN HARROW, Ph.D., Professor Emeritus of Chemistry, City College, New Yorks and ABRA- 


HAM MAZUR, Ph.D., Associate "Professor of Chemistry, City New York. 
61/s”x91/e", with about 136 illustrations. April, 1958! 


New (7th) Edition! 


Biochemistry 


Here is an ideal text for students planning to take only one year 
of chemistry. Dr. Routh stresses the principles underlying all 
chemical knowledge and the application of these to specific 
uses in everyday life. The three sections of the book present the 
fundamentals of inorganic, organic and biological chemistry. 
For the New (2nd) Edition, the chapter on Radioactivity and 
Nuclear Energy has been expanded and revised to clarify nuclear 


New (2nd) Edition! 


Ro uth— reaction. It includes much current material on the application 


of nuclear energy for the production of power, for industry, for 
medicine and biological research. Definitions of acids and bases 
have been expanded and now include the Bronsted theory. The 
material on organic chemistry has been revised to include more 
of the common reactions such as the Grignard, the Friedel- 
Crafts, the Cannizzaro and the aldol condensation reaction. 
The pyranose and furanose structures for carbohydrates are 
described and the current structures of the phospholipids in- 
cluded. The latest ideas on the absorption of fat have also been 
incorporated, and a section added on oral substitutes for insulin. 


20th Century 
Chemistry 


ye OSEPH I. ROUTH, Pb.D., Professor of Biochemistry, State University of lowa. About 658 pages, 
5/4” x 8”, with about 288 illustrations. New (2nd) Edition—Ready May, 1958! 


Gladly sent to teachers for consideration as texts 


W. B. SAUNDERS COMPANY 
West Washington Square Philadelphia 5, Pa. 
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BURRELL 


THE KROMO-TOG 


for gas and vapor-phase 
chromatography @trademork 


| | | 


} 


The Kromo-Tog, Model K-2, 
is a superior chromatographic 
instrument for the accurate 
analysis of a wide range of gases 
and liquids with any boiling 
point to 370°C., and over. 

Two separate columns, each 
with its own detector cell, flow 
and control system, make the 
K-2, in effect, two complete in- 
struments with one recorder. 


FLEXIBLE—FOR A WIDE 
RANGE OF ANALYSES 


VARIABLE COLUMN 
TEMPERATURE CONTROL 


TWO EXTRA SENSITIVE 
DETECTOR CELLS 


ACCESSIBLE COLUMNS 
FOR RAPID CHANGE 


THE BURRELL KROMO-TOG « Model K-2, Pictured 


Complete instrument for dual column operation, with 

two complete cells and flow systems, and electronic 

recorder. 

Burrell Cat. No. 340-20 ............ $3,800. 
F. O. B. Pittsburgh, Pa. 

Ask for Catalog No. 84 

BURRELL CORPORATION 

Scientific Instruments and Laboratory Supplies 

2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 
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Recent Sooke 


given him the fundamental equations for 
such designs. Other courses in civil, 
electrical, and mechanical engineering 
have prepared the student for the stru-- 
tural part of construction. The individual 
chapters give practical suggestions, shor:- 
cut methods, and optimum size formulas. 
These chapters cover vessels, heat ex- 
changers, process pumps, compressors and 
vacuum pumps, motors and _ turbines, 
other process equipment, piping design, 
thermal insulation, process instruments, 
plant utilities, foundations,- structures 
and buildings, and finally, safety in 
plant designs. 

The final Part 4 is a single chapter on 
construction, which shows how the proj- 
ect engineer must work with the con- 
struction superintendent to complete the 
plant in the scheduled time. 

The engineering student, no matter 
what his branch of specialization may be, 
who desires to enter the design and con- 
struction phases of industry should study 
this book. It is based on a wealth of 
practical experience of the authors, who 
have presented it excellently. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


RECORDS AND RESEARCH IN ENGI- 
NEERING AND INDUSTRIAL SCIENCE 


J. Edwin Holstrom, Department of Nat- 
ural Sciences, UNESCO. Third edition. 
Chapman and Hall, Ltd., London, England, 
1956. xii + 491 pp. 15 figs. 15 x 
22 cm. 60s. 


Ir 1s difficult to imagine the person for 
whom this whole book was written. 
Rather, it is three books, for three different 
audiences, with equal space given to each 
topic. 

The first third is concerned with a gen- 
eral survey of physical science and 
technology, and is designed for the new- 
comer to research. It is larded with 
quotations from other books devoted to 
the same topic, and seems to me the 
weakest of the three parts. 

The middle one-third consists of three 
chapters on organizations connected with 
scientific research and development. They 
cover Britain, other countries, and inter- 
national organizations. There is a great 
deal of accurate information here not avail- 
able elsewhere, and it reflects the author’s 
wide experience at UNESCO and other 
places in this area. The United States is 
covered in about 12 pages, and TulIs 
JOURNAL is mentioned. 

The final part is devoted to what lias 
come to be called documentation, «nd 
again reflects the author’s central position 
in this work. This would make a good 
current survey of documentation for ai.y- 
one. 

The author mentions meeting engine rs 
who have not heard of the Engineer’ng 
Index; 1 think this is because it is ot 
used or even mentioned in schools. 

In this part there is also considera'le 
cross-reference to another book by ‘ie 
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it QUANTITATIVE CHEMICAL 
ANALYSIS, Eleventh Edition 
By LEICESTER F. HAMILTON and STEPHEN G. SIMPSON, 
both of Massachusetts Institute of Technology 
1 ENGI. Offering a thorough background in the principles of quantitative 
\CIENCE analysis, this established text has long been noted for its balanced 
6 Me combination of technique, theory and stoichiometry for beginning 
ition. courses. Outstanding features of the eleventh edition: 
— e expanded discussions of theory, especially pertaining to 
7% precipitation and properties of solutions 
‘e important new material on coulometric methods, the bromate 
ood and iodate processes, and numerical problems on optical 
lifferent methods 
to each e revisions of detailed laboratory procedures 
Coming Spring 1958 
1 a gen- 
he new- 
= FUNDAMENTAL PRINCIPLES OF 
0 
me the 
a PHYSICAL CHEMISTRY, Third Edition 
) nree 
»d with By SAMUEL H. MARON, Case Institute of Technology, and 
They CARL F. PRUTTON, Food Machinery and Chemical Corporation 
ter- 
2 le Providing a thorough, modern study of the essential principles 
t avail- of physical chemistry, their effective use and their correct 
oo application, this edition has been reorganized, rewritten and 
a brought up-to-date. New features include: 
1 THIs © new material on microwave spectroscopy, electron diffraction 
of gases, intermolecular forces, and radiation chemistry 
, and ¢ more rigorous mathematical discussions, especially in the 
osit ion sections on thermodynamics and chemical equilibrium 
+ good e revisions of many problems and the total number increased 
an to 634 (the largest number of problems in any book on 
elementary physical chemistry) 
ng min: ng 1 
The U Coming Spring 1958 
era le 60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Presenting the NEW 
HEVI- DUTY 


*K Temperature Range to 2600° F. 
Ke A Complete Self-Contained Furnace 
SK Positive Temperature Control 
KK Provides Fast Uniform Heating 


The Hevi-Duty G-07-PT Furnace is a complete unit ready 
for use. All the temperature control and indicating devices 
are located in the furnace base. A tap-changing transformer 
equipped with two selector switches offers 48 steps of tem- 
perature control. This method allows close temperature 
regulation and means savings in power and maintenance. An 
indicating pyrometer and ammeter are mounted for easy 
observation. 


Easily replaceable Silicon Carbide heating elements provide 
a uniform heat above and below a ceramic muffle which 
forms the heating chamber. Inside dimensions 4%” wide, 
2%” high, 7” deep. 

SEND FOR DETAILS IN BULLETIN 957A 


HEVI-DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVI=SBUTY° ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


Recent Sooke 


author, “Facts, Files and Action,’’ Part 2. 

The bibliography is arranged by « 
scheme peculiar to the author, and whik 
I did not at first care for it, I came later t« 
use and depend on it. 


KARL F. HEUMAN? 
CuemicaL ApsTRacts SERVICE 
Cotumsvs, OxI0 


UNSTABLE CHEMICAL SPECIES: FREE 
RADICALS, IONS, AND EXCITED 
MOLECULES 


Consulting Editor, H. C. Thacher, Jr., 
Aeronautical Research Laboratory, Wright 
Air Development Center, Wright-Patterson 
Air Force Base, Ohio. Published by the 
New York Academy of Sciences, New 
York, 1957. 222 pp. 15 X 23 cm. 
Paper bound. $4. 


Tus work consists of fifteen review 
papers by scientists from the different 
areas of research concerned with unstable 
chemical species: free radicals, ions, and 
excited molecules. They were originally 
presented at a 1956 conference sponsored 
by the U. 8. Air Force and first appeared 
in the Annals of the New York Academy of 
Sciences, 67, 447-670 (1957). Teachers 
and research scientists interested in the 
fields of combustion, radiation chemistry, 
photochemistry, and kinetics will find this 
collection of papers very useful. 


JACK G. CALVERT 
Tue Strate UNIVERSITY 
CotumsBus, 


ANNUAL REVIEW OF PHYSICAL 
CHEMISTRY. VOLUME8 


Edited by H. Eyring, University of Utah; 
Associate editors, C. J. Christensen, 
University of Utah, and J. S. Johnston, 
Stanford University. Annual Reviews., Inc., 
Palo Alto, California, 1957. vii + 527 
pp. 16X 23cm. $7. 


Twenty-two fields of physical chem- 
istry are reviewed in Volume 8 of this se- 
ries. Certain topics appearing in the past 
issues are omitted in 1957. This is in 
keeping with the policy of covering all 
possible areas at least every three years. 
Those not included are: (a) Heterogeneous 
Equilibrium and Phase Diagrams; (b) 
Statistical Mechanics; (c) High Temper- 
ature Chemistry; and (d) Isotopes. By 
this method of alternating some of the su)- 
jects it is possible to have an up-to-date : e- 
view of about 30 fields in a period of two or 
three years. 

Each chapter has an extensive list of 
references. In all there are 3858 ri- 
erences to the literature including prepw!)- 
lication communications. In this con- 
siderable number of recent references o1!y 
a dozen or so are devoted to U.S. S. it. 
publications. A generous use of revi W 
articles in the literature affords an evn 
greater coverage of the advances in ph) = 
ical chemistry in one compact book. 

The Table of Contents of Volume 8 :- 
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(TION 


Kodak reports on: 


Mr. Brethen and Lecture Assistant Sandmeyer ... 
a fish story with a picture to prove it 


Craftsmanship 


After this one, Mike Brethen’s pay 
checks will have to follow him 
around in his retirement. He joined 
us right out of the Army in 1919 
and wound up no less a craftsman 
than the old fellow who gets $65 
for a pair of shoes. Rather than on 
a last or lathe, Mike’s craftsman- 
ship has been expressed over a big 
stoneware crock of acid with ice 
floating in it as sodium nitrate dia- 
zotizes an aromatic amine, after 
which he adds the resultant diazo- 
nium salt to the cuprous salt of 


whatever halide is required and gets 


an oily layer containing his aro- 
matic halide. A Swiss chemistry 
lecture assistant named Sandmeyer 
proposed this eight years before 
Mr. Brethen’s birth. Since many 
full-grown adult organic chemists 
despair of professional advance- 
ment from doing Professor Sand- 
meyer’s reactions over and over 
again, a clear field was left Mr. 
Brethen to specialize in doing it 
very well. 

On his last day at work he sat 
down and figured out he had run 
exactly 50 different versions of the 
Sandmeyer, counting the displace- 
ment of diazonium by iodine, which 
needs no copper. 

Take m-Dibromobenzene. What 
could be simpler? Yet the other day 
we had a request for it from a man 
who is so eminent that organic 
chemists everywhere know his sur- 
name only as the designation for a 
certain green textbook 444 inches 
thick. He couldn’t find m-Dibromo- 
benzene on the market, and he ap- 
parently thought it wise to let an 
expert make it, so the job fell to 


Mike Brethen. Now, therefore, it 
becomes Eastman 7276. 

One of the very last Brethen prep- 
arations was 4-Bromo-1,2-dichloro- 
benzene (Eastman 7301). We had 
nothing special in mind, but he had 
done so well with /,2-Dichloro-4- 
iodobenzene (Eastman 7283) for 
quality and yield that we had to 
get just one more out of him before 


he escaped and left the 
Sandmeyers to his pupils. 

Mike’s pupils and our other craftsmen 
are hard at work making, purifying, and 
analyzing organics to keep some 3600 
stock bottles of Eastman Organic Chem- 
icals filled. The job is never-ending. At 
least, so we hope. Distillation Products 
Industries, Eastman Organic Chemicals 
Department, Rochester 3, N. Y. (Divi- 
sion of Eastman Kodak Company). 


Bass scale 


This is a microradiograph of a striped bass scale. In microradiography one 
passes low-voltage x-rays through a specimen to a special fine-grain photo- 
graphic emulsion in intimate contact with it. The resulting photographic 
image then becomes a subject for conventional photographic enlargement 
or photomicrography. If you already know that much, there is then some 
point in requesting of Eastman Kodak Company, Special Sensitized Prod- 
ucts Division, Rochester 4, N. Y., information about an improved material 
for this work which we hope to have available in the near future. The same 
source can also provide a recently updated bibliography on results and 
techniques with microradiography. But don’t ask us about striped bass and 
the lessons to be learned from their stripes or scales. Ask the Fish and Wild- 
life Service of the U. S. Department of the Interior in Washington. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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You can learn Russian 


CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book will be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
connected with some large firm or 
organization employing a qualified 
translator. A surprising number of 
the free-lance technical translators 
available do not have an elementary 
knowledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemist has to be 
reasonably intelligent, he needs 
only persistence and Chemical Rus- 
sian, Self-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 

_ approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
apa in studying by them- 
selves, however, and should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. Perry’s 
chapter entitled Suggestions for 
Study Methods. Here the approach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material 2 pe so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.” 


Ludmilla I. Callaham, 
CuemicaL ENGINEERING 


$4.00 
Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


221 pages 


Recent Sooke 


cludes: Thermochemistry and Thermo- 
dynamic Properties of Substances, by 
E. F. Westrum, Jr.; Cryogenics, C. F. 
Squire; Solutions of Electrolytes and 
Diffusion in Liquids, R. A. Robinson and 
R. H. Stokes; Solutions of Nonelectro- 
lytes, Z. W. Salsburg; The Solid State, 
J. A. Krumhansl; Nuclear and Electron 
Magnetic Resonance, H. M. McConnell; 
Radiation Chemistry, W. M. Garrison; 
Quantum Theory, J. W. Linnett and P. G. 
Dickens; High Polymers in Solution, J. J. 
Hermans; Kinetics of Polymerization, 
F. W. Peaker; Surface Chemistry and 
Contact Catalysis, B. S. Rabinovitch and 
J. H. Singleton; Electrode Processes, P. 
Delahay; Kinetics of Reactions in Gases, 
H. S. Johnston; Kinetics of Reactions in 
Solution, E. L. King; Organic Reaction 
Mechanisms, J. D. Roberts, G. 8S. Ham- 
mond, and D. J. Cram; Molecular Elec- 
tronic Spectroscopy, T. Férster; Vibration- 
Rotation Spectroscopy, W. F. Edgell; 
Experimental Molecular Structure, P. J. 
Wheatley; Combustion and Flames, H. G. 
Wolfhard and D. 8S. Burgess;. The Phys- 
ical Chemistry of Proteins, W. Kauzmann; 
Bond Energies, A. H. Sehon and M. 
Szwarc; and Ion-Exchange Resins and 
Membranes, by H. P. Gregor. 

There is also a proposed list of topics 
and authors for Volume 9 (1958). 

In Volume 8 there are 527 well-packed 
pages at 11/;¢ per page which in itself is an 
outstanding achievement for a work of 
this nature. This book should be in the 
hands of everyone interested in physical 
chemistry. 


DALE DREISBACH 
Hiram 
Hiram, 


TRANSPORT PROCESSES IN APPLIED 
CHEMISTRY 


R. C. L. Bosworth, Sydney, Australia. 
John Wiley & Sons, Inc., New York, 1956. 
x + 387 pp. 51 figs. Stables. 14 X 
$12. 


In tuts book the author presents a 
rather complete theoretical discussion of 
transport phenomena, making particular 
applications to industrial chemical proc- 
esses. 

He begins with a general treatment, 
applicable to all types of transport pro- 
cesses, such as the flow of momentum, 
mass, energy, electric charge, and even 


‘such “‘scalar processes’’ as stress relaxation 


and chemical reaction. These processes 
are described both kinetically, in terms of 
general classes of carriers, and phenomeno- 
logically, in terms of driving force, flux, 
and resistance. The concept of coupled 
processes is developed, in which the flow of 
one property causes a potential with re- 
spect to the flow of another. After a de- 
tailed kinetic discussion of transport by 
molecules (diffusion, convection, turbu- 
lent transport) and by radiation, the 
author develops the thermodynamic ap- 
proach to irreversible processes. Bos- 
worth then considers a combination of in- 
dividual transport processes (say an en- 


(Continued on page A130) 
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POLAROGRAPHIC 
METHOD 


OF ANALYSIS: 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 
of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


In this second revised and augmented 
edition, the author purposes “‘to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well 
as in advanced courses in analytical 
chemistry.” The emphasis is on prin- 
ciples and the scope is descriptive rather 
than mathematical. It begins with an 
excellent review of electroanalysis, 
showing the relation of polarography to 
other electro methods. A brief de- 
scription of apparatus includes equip- 
ment constructible from parts readily 
available in many laboratories. Funda- 
mentals of quantitative and qualitative 
analysis and recent developments are 
discussed in some detail. Chapters on 
applications and suggestions for prac- 
tical polarography complete the book. 


A particularly good feature is the in- 
clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentalsof polarographic measurements. 


Joun K. TaYLor 
ANALYTICAL CHEMISTRY 


illustrated $4.51 
(Foreign $5.00 


CHEMICAL EDUCATION 
PUBLICATIONS 


—————-EASTON, 


JOURNAL OF CHEMICAL EDUCATION 
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$4.50 
5.00 


Fberbach ELECTRO-ANALYSIS APPARATUS 


Working Manual with methods and extensive 
bibliography prepared as a result of research at 
Battelle Memorial Institute is provided with 
each unit. Copies are free upon request. 


Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
needed for continuous duty and the versatility re- 
quired for research. Ammeter, voltmeter, polarity 
reversing switch and power control knob are provided 
for each position. Front is stainless steel; sides are 
finished hammertone gray. Operates from 115 
or 230 volt, 60 cycle AC. Unit measures 29'/,” by 
14'/.” by 16'/.” deep. Ask for Bulletin 130-S on 
Eberbach Electro-Analysis Apparatus. Price $490.00 


Fberbach 


CORPORATION 
P.O. Box 63 Ann Arbor, Michigan 


Fieser and Fieser 


INTRODUCTION TO ORGANIC CHEMISTRY 


A unique feature is its second section demonstrating the use of theory as 
applied in research. The entire text constitutes an efficient one-year 


620 pp. $7.00 © 


Fieser 


EXPERIMENTS IN ORGANIC CHEMISTRY, Third Eten Revised 


pp. $5.75 


Nebergall and Schmidt 
COLLEGE CHEMISTRY for the 


CATION 


This immediately successful general chemistry text effectively combines 
general chemistry and qualitative analysis in a one-year course. 


796 pp. $7.25 


Hered and Nebergall 


BASIC LABORATORY STUDIES IN COLLEGE CHEMISTRY 
112 wp. $3.00 


D. C. HEATH AND COMPANY 


Home Office: Boston 16 
Sales Offices: Englewccd,N. J. Chicago 16 San Francisco5 Atlanta3 Dallas | 


distinctive in 
organic and 
general 
chemistry 
texts 
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FUSED QUARTZ 
_ MEETS YOUR 
CRITICAL | 


Absolute Chemical Purity 
Extreme Heat Resistance 
Thermal Shock Resistance 
Chemical Inertness 
Outstanding Electrical Properties 


Full-Range Radiant Energy 
Transmission 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 

For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 

See our ad in 


Chemical Engineering Catalog 
THERMAL AMERICAN 


FUSED QUARTZ CO., INC. 


18-20 Salem Street, 


Dover, New Jersey 


Please send technical data on 


Name & Title 
Street. 

City 


Zone__State___ 


VITREOSIL 
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Recent Sooke 


tire industria! operation) as a single grand 
transport process. Next he treats the 
ways in which such an over-all operation is 
affected by repetitive steps (cascades), 
such as occur in fractionation sequences, 
and by feedback. Discussions of chemi- 
cal similarity (the problem of designing ex- 
periments whose results may be scaled 
up) and of the efficiency of transport proc- 
esses, along with comments on the ap- 
plicability of principles developed here to 
wider situations, such as market and cost 
analysis, complete the book. 

Mathematical formulations of the ideas, 
insofar as they have been accomplished, 
are presented in detail. The derivations 
are accompanied by explanatory com- 
ments so that a reader who is unfamiliar 
with many of the methods‘employed can 
follow the development. Moreover, the 
qualitative discussions in the text stand 
complete in themselves in many instances. 

Because of ample annotation (an aver- 
age of approximately 60 references per 
chapter) and quite adequate indexing, this 
volume is well equipped to serve as a ref- 
erence work. 

Although Bosworth treats many sub- 
iects only very briefly (e.g., non-New- 
tonian viscosity) and virtually ignores 
many important applications (e.g., gas 
dynamics, polymer solutions, electro- 
chemistry), adequate reviews of such 
topics are in general available elsewhere. 

In this reviewer’s judgment, the author 
is successful in his goal of presenting a 
sound and unified theoretical treatment of 
the entire field of transport phenomena. 
No similar treatment is known to the re- 
viewer, perhaps because there has been an 
unfortunate lack of interest in this field 
among many chemists. 

The book is recommended both to 
chemical engineers and to physical chem- 
ists in general. 


Cc. W. KAMMEYER 
OBERLIN COLLEGE 
OBERLIN, OHIO 


SYNTHETIC POLYPEPTIDES. PREPARA- 
TION, STRUCTURE, AND PROPERTIES 


C. HB. Bamford, A. Elliott, and W. E. 
Hanby, Courtaulds Ltd., Research Labo- 
ratorv, Maidenhead, Berkshire, England. 
Physical Chemistry: A series of mono- 
graphs. Volume V. Academic Press Inc., 
New York, 1956. xiii + 445 pp. 16 
X 23.5cm. $10. 


Tuts book is a detailed, critical sum- 
mary of the field of synthetic polypeptides 
from the point of view of the specialist in 
the field; nevertheless, the relationship of 
these particular high polymers to the pro- 
teins is a dominant theme throughout the 
book. The authors have contributed to 
almost all aspects of the subject, and they 
are able to discuss critically the work of 
others in the field. 

After a brief introductory chapter on 
synthetic polypeptides as protein models, 
the authors discuss the methods of syn- 
thesis of polypeptides and the mechanism 
of the synthesis from N-carboxyamino 
acid anhydrides. The chapter on methods 


(Continued on page A132) 
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You in 
WARF 


Here’s the New 
LIGHT PROOF - UNBREAKABLE 
TRANSLUCENT AMBER 
Polyethylene Bottle 


Translucent Amber to protect from light 
damage. ‘“‘Squeezable” to permit ejection 
of air, eliminating oxidation. Translucent 
—you can see level of contents in bottle. 
Unbreakable —eliminates broken bottle 
mess and expense. Chemically inert poly- 
ethylene assures long shelf-life for labo- 
ratory and photo chemicals. 
1 gal. 3202. 2402. 16 oz. 8 07. 
Mo 


2.20 1.25 .89 80 49 


Discount: we on Case Quantities. 
15% on 5 or More Assorted Cases. 
Minimum Order $2.00. 


Standard Taper Stoppers 
will Not Freeze—Unbreakable 
Two Sizes: 19 3 24 § 


Filtering 
Flask 
with 


Tubulation Easily 


Cleane: 
Unbreakacle 
ORYING 
TUBES 


Send for free “Poly” Bulletin 
listing complete line. 
Ask Dep't P-C for Copy. 


ACE GLASS INCORPORATE 


>» VINELAND # NEW JER 


Midwestern Division 
LOUISVILLE. KY.—Box 996 
Speeiatists to Industry aud 
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NEW combination 


magnetic stirrer 
and hot plate 


Suitable for all types of laboratory 
stirring and heating 


A new triple duty, 6” magnetic stirrer, which can 
serve as a hot plate only, magnetic stirrer only, or 
a combination of both, is now available from 
Yonkers Laboratory Supply Co. 


The Pyro-MagneStir consists of a die cast base 
enclosing a built-in motor, rheostat speed control 
for motor, switch for motor, a 6” square aluminum 
hot plate with built-in thermostat, hot plate 
switch, and two (2) seamless Teflon covered stir- 
rings bars 1” and 1'/,” long. Special baffles and 
air circulating system prevent over-heating of 
motor. 


Pyro-MagneStir incorporates all of the rugged 
features found in the regular size and King-size 


MagneStirs. 
price $7 5-00 
Delivery charges prepaid to any part of the U.S.A. 


YONKERS 


laboratory supply co. 


MANUFACTURERS & DEALERS 
Ave., Yonkers2,N.Y.. 


High Torque 
Power 

for Every 
Stirring Need 


Spark Free 
Induction 
Motor 


24-Hr. Service 
for Pilot 
Plant 


Ideal for 
Organic Work 


2 SPEEDS . . . 2 SHAFTS ® 300 or 600 R.P.M. 


Many laboratories and pilot plants report they are 
using Waco Stirrers 24 hours a day, 7 days a week 
for months at a time. No other stirrer will give as 
much service per dollar of cost as this one. The famous 
Waco Stirrer is not a stock motor converted to a 
stirrer. The motor is specifically designed for heavy 
duty in laboratories. 


2 speeds—two 14” shafts turn in opposite 
directions at 300 and 600 R.P.M. at es- 
torque. Speed is controlled 
putting the stirrer on either the 300 or 
600 R.P.M. shaft. These shaft Paved cover 
the majority of applications. 
Built-in cooling fan—allows continuous 
operation without over-heating or burning 
out. 


Induction-type motor—safe for use with 
inflammables. 


JC 10235 with tubuler brass mounting rod and 6-foot 
cord but without chuck or stirring rods, each. . $25.25 


JC 10235-1 Stirrer Chuck, for Waco Stirrer 


CONVENIENT PADDLE STIRRERS FIT 
ALL TYPES OF FLASKS AND STIRRERS 


JC 10236 Stirring Rods, Hinged Blade Type, Stainless Steel, 
14%" diameter, 12” long, the rods are easily inserted through 
the aon of a flask by rotating the blade so that it parallels 
the shaft. Once in the flask, the balanced weight aligns the 
blade horizontally. Longer ‘shafts available on request. 


Small Medium Lerge 
JC 10236-A Above stirring rods in sets of three, 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO ST, ILLINOTS 
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NALGENE Automatic 
Pipet Washing 


Model IIT 
NALGENE 

RINSER 

does a 

faster, 

easir” 

Job: 
New classic de 
stability and efficie::~7. Pipets are 


flushed clean icodaldy and rapidly. 


Complete syphon cycle of fresh water 
surges through pipets every minute, 
washing away all clinging particles. 


Pipet Basket 
A Nalgene screen recessed 3,” into the case allows 
complete drainage. Metal carrying handle is sealed 
in POLYETHYLENE. Four sizes available to fit corre- 
sponding jars. 


Pipet Jars 


Excellent for washing and soaking pipets and other 
glassware. is sharply by resilien- 
cy of NALGENE POLYETHYLENE. 


for pipets up to 16” long 
for pipets up to 24” long 

. for pipets up to 33” long 
BASKET for pipets up to 16” fons 

1241 for pipets up to 24” lon; 

for pipets up to 33° tone 

JARS _ for pipets up to 16” long 
1242 for pipets up to 24” long 
for pipets up to 33” long 


RINSER 
1240 


Ask your dealer for catalog F-957 


ROCHESTER 2 NEW YORK 


World’s largest producer of Plastic Laboratory Ware! 
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Recent Sooke 


includes examples of detailed experimen- 
tal procedures and references to many 
more. 

Chapter IV is concerned with the con- 
figuration of polypeptide chains, in- 
cluding a detailed discussion of helical 
structures and the recent work of Schell- 
man on the configuration of polypeptide 
chains in solution. 

In Chapter V, an introduction to in- 
frared spectra, including the use of po- 
larized radiation, is followed by a summary 
of the available data for polypeptides and 
a critical discussion of their significance. 
More specialized topics in infrared spec- 
troscopy, such as overtone and combina- 
tion bands, dichroism and orientation, 
and the study of the hydrogen bond, are 
considered in Chapter VI. 

Chapters VII, VIII, and [X contain an 
extensive and detailed discussion of the 
principles of X-ray diffraction, their 
application to the study of polypeptides, 
and the results obtained. 

A variety of topics is discussed in Chap- 
ter X, including molecular weight deter- 
mination, the a-6- transformation, solu- 
bility of polypeptides (with extensive 
tables), dyeing properties, optical rota- 
tion, molecular orientation. It is indica- 
tive of the rapid progress in this field that 
the section on optical rotation is already 
inadequate due to the recent work of 
Moffit, Doty and Yang, Linderstrom- 
Lang and Schellman, and others on the re- 
lationship between optical rotatory dis- 
persion and configuration. 

A brief chapter by Waley on the bio- 
logical properties of polypeptides, is fol- 
lowed by an extensive discussion of the re- 
lation of the fibrous proteins to the poly- 
peptides. 

This book should prove useful to all 
protein and polymer chemists. The bind- 
ing, paper, and typography are excellent. 


ROBERT M. ROSENBERG 
LAWRENCE COLLEGE 
APPLETON, WISCONSIN 


POLYETHYLENE 


Theodore O. J. Kresser, Technical Serv- 
ice Representative, Spencer Chemical 
Co., Orange Texas. Reinhold Publishing 
Corp. New York, 1957. ix + 211 pp. 
Many figs. and tables. 13 X 19 cm. 
$4.95. 


Tuis is the first of a projected series un- 
der the editorship of Herbert R. Simmonds. 
The intended reader is the technically 
minded person without previous experi- 
ence in the application of polyethylene, 
and the book is well suited for such an 
audience. It should also make interesting 
reading for a chemistry major who would 
like to become acquainted with an in- 
telligent exposition of how a particular 
chemical substance has been put to use in 
technology. Such a use would help to 
fill the blind spots in much chemical edu- 
cation regarding industrial outlooks and 
attitudes. 


THOMAS E, FERINGTON 
Tue or Wooster 
Wooster, Oxn10 


maintenance-free 


LABORATORY PLUMBING 
_-{}: Threaded Vulcathene Coupling 
Polyfused Socket Weld 


{10 second process) 


Repair costs on 
lab plumbing can 
be eliminated by 
installing complete 
VULCATHENE waste 
and drainage 
systems. There 
has been no 
reported instance 
of corrosion or 


leakage in 
VULCATHENE: 


systems since 
its introduction 
4 years ago. 
Here is assurance 
of maintenance-free 
long life. <=> 
Low first costs, too! aL 
VULCATHENE is inexpensive . . . i 
easy to install . . . all initial 
costs are remarkably low. 

Today some of the largest 
chemical manufacturers are ir 
specifying VULCATHENE for 
their labs: such names, for 
example, as the Dow Chemical 
Company and the General 
Electric Company. 

We invite your request for detailed, 

information about VULCATHENE 
and methods of installation. 
WRITE FOR BULLETIN NO. 2 


VISION OF THE NALGE CO 


JOURNAL OF CHEMICAL EDUCATION 
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a meaningful approach to 
general chemistry . . 


GENERAL CHEMISTRY 
Edwin C. Markham and Sherman E. Smith 


A modern presentation of general chemistry, this 
text follows an outline which leads through the 
molecular and atomic concepts to a discussion of 
atomic structure and the modes of chemical 
combination. The order of presentation gives the 
students the necessary background before intro- 
ducing him to atomic theory and the periodic table 
until these topics are more meaningful to him. 
The emphasis on structural chemistry is stressed 
through the illustrations so that the student sees 
that an atom of oxygen — or carbon or helium — 
does or does not combine in particular ways with 
other elements because of its structure. Chapter 
outlines, questions, problems, and over 350 
illustrations. 613 pages 1954 $6.50 


A LABORATORY MANUAL 
FOR GENERAL CHEMISTRY 


Edwin C. Markham and Charles N. Reilly 


Designed principally for use with GENERAL 
CHEMISTRY, this manual may be adapted to 
other texts as well. The eighty experiments pro- 
vide a wide choice of material, sufficient for a 
year’s work, and adaptable to either two- or 
three-hour laboratory periods. The manual be- 
gins with a number of experiments on the physi 
cal properties of matter plus an introduction to 
the apparatus of a chemistry laboratory and its 
use. As in the text, the study of descriptive 
chemistry is postponed until the student has the 
necessary orientation to understand its implica- 
tions. 432 pages 1954 $3.50 


FFLIN COMPANY 


LABLINE 
Chromatofuge 


(Accelerated Chromatography) 
HELPS YOU TO: 


@ Make your tests in 5 to 
30 minutes. 

© Run 25 different separa- 
tions at same time. 

@ Identify samples 
immediately. 

@ Make two dimensional 
separations. 


In the new Labline 
Chromatofuge, the centri- 
fugal developing force is 
controllable within a wide 
range, is simple to select, 
and will not change with 
voltage or load fiuctua- 
tions. Rapidity of separa- 
tion minimizes decomposi- 
tion and temperature 
effect, sharpens definition, 
reduces drying. Rf values 
are readily determined. 

Built-in, one hour timer 
turns off at end of preset 
time . . . additional equip- 
ment available for contin- 
uous, automatically con- 
trolled, large volume 
separations. Strong, stain- 
free construction, built for 
long, dependable service. 


@ Catalog No. 22976— 
$1,095.00 complete. 


LABLINE 
Electro- 
Chromatofuge 


(Continuous Planer 
Electrophoresis) 


HELPS YOU TO: 


@ Run one or two samples 
at same time. 

@ Make chromatographic 
and electrophoretic sep- 
arations—independently, 
in sequence, or simul- 
taneously. 

© Preset centrifugal force 
(including zero) and 
electrical force desired 
for test. 

@ Perform discontinuous 
or continuous opera- 

desired. 


tions, as 

The Labline Electro - 
Chromatofuge offers 
greater centrifugal and 
electrical forces at higher 

collection speeds. Rectang- 
ular head permits separate 
collection of electrolysis 
products. Has chromato- 
fuge features plus depend- 
able electrical field and 
contact components. 


@ Catalog No. 22977— 
$1,495.00 complete. 
@ Catalog No. 22978 (Power 
Supply, 100-1000 Volts DC 
for use with Cat. No. 22977) 
$295.00 


© Write for detailed information 


KEY TO ALL 
LABORATORY SUPPLIES 


2 | 
| 
0 


New Laboratory Supply 
1 
Palo Alto 
Telephone CAnal 6-6504 


New York 16 
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Saves Valuable Class Time 


CHEMICAL SYMBOLISM & 
CALCULATIONS 
By S. W. Morse, San Francisco State College 


Affords a quick review of pre-college chemistry and 
needed practice in using eee and calculations. 
JCE says: “Methods used . . . are based on an understand- 
ing of principles rather than on memorization of formulas.” 


Send for examination copy of this helpful aid. $2.00 


COMPACT HEAT EXCHANGERS 
By W. M. Kays and A. L. London, Stanford 


A comprehensive treatment of all major heat transfer 
surfaces in use today. The results of experimental and 
analytical work are made readily available to heat-ex- 
changer designers. Sent on 10-day approval. $5.00 


PRACTICAL CLINICAL CHEMISTRY — 

Principles, Methods and Reagents 

By Nell F. Hollinger, University of California 
Simplifies and speeds up lab work. 3 vols. (Paper) 


TECHNICS OF PLANT HISTOCHEMISTRY & 
VIROLOGY 


By T. E. Rawlins and W. M. Takahashi, University of 
California 


Details the rapid identification of crystalline compounds. 
Sent on 10-day approval. $3.50 


NATIONAL PRESS Palo Alto, California 


PRINCIPLES 


by Wellace 8. Brey, Jr. 


This new text acquaints the students of the biological 
sciences with the field of physical chemistry and indi- 
cates how the understanding of physicochemical 
principles sheds light on the behavior of matter. It 
covers the important principles of physical chemistry 
giving a complete treatment of all topics for the student 
who has no background in mathematics beyond 
algebra and logarithms. Ideas of the calculus are 
introduced where necessary to the development of 
the subject. They are fully explained as they are used. 

The book is intended for a one-semester course for 
pre-medical students, such as the author has taught for a 
number of years. The text contains enough material 
for a full year's course, while for a one-semester 
course the instructor is able to make a selection from 
the subject matter. 


433 pages Illustrated $7.00 


Appleton-Century-Crofts, Ine. 


35 WEST 32ND STREET, NEW YORK 1, 


For fluorometric analyses, assay 
and identification of chemical con- 
in the 

ULTRAVIOLET, VISIBLE 
and INFRARED REGIONS 


stituents... 


THE FARRAND* 


FOCI 


TRADE MARK 


FOR MANUAL OPERATION, FOR RECORDING 
OR FOR OSCILLOSCOPE PRESENTATION 


The Farrand Spectrofluorometer is designed 
for determining the optimum wavelength 
for activating Organic Compounds and the 
optimum wavelength for measuring their 
emitted fluorescence spectra, 


The instrument is simple to operate, and the 
efficiency of the optical and detector system 


affords great sensitivity and response even 
when using capillary or micro volumes of 
highly diluted solutions. 


It is not of a console-type construction, and 
therefore can be serviced readily without dis- 
mantling. 


BULLETIN NO. 820 UPON REQUEST 


R h* De 

Design + Manutocture 
Precision Optics 
Electronic and 

Scientific Instruments 


FARRAND OPTICAL co., inc. 
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BUFFER ACTION CA them Hd 


Submitted by: Harold M. State, Allegheny College, Meadville, Pennsylvania 
| Checked by: Robert Barnard, Montana State College, Bozeman 


PREPARATION 


Dissolve 6.8 g. of KH.PO, in water, add 296 ml. of 0.10 N NaOH, and 
dilute to 1 liter. The pH of this buffer is approximately 7. 


DEMONSTRATION 


1. Measure 50 ml. of distilled water into one flask and 50 ml. of the 
buffer into another. Add 2-3 drops of phenolphthalein indicator to each, 
and titrate with 0.1 N alkali. Two to three drops suffice to produce a 
color change in the unbuffered water, while 7-8 ml. must be added to the 
buffer to give a permanent pink color, indicating an increase in pH to 
about 8.5. 

2. Again measure 50 ml. of water and of buffer into two separate 
flasks. Add 2-3 drops of bromcresol green or methyl orange indicator to 
each, and titrate with 0.1 N acid. As in the attempt to raise the pH, a 
much larger volume of the acid is necessary to lower the pH of the buffer 
below 3 than is required with the unbuffered water. 


Journal of Chemical Education - March, 1968 


DENSITY, BUOYANCY, NON-MISCIILITY Demonstration? A 


Submitted by: R. E. Dunbar, North Dakota State College, Fargo 
Checked by: Lester Kieft, Bucknell University, Lewisburg, Pennsylvania 


PREPARATION 


Materials required are mercury, dichloroethyl ether, water, light oil, X 5) 
cork, oak wood, ebony, coin or weight, gold or platinum article, and tall 
hydrometer jar. 


DEMONSTRATION 

The four liquids are introduced in turn into the container as illustrated. _——- - 
The solid objects are dropped in and are supported at the several levels as 
indicated. H,0 
REMARKS => 


This demonstration illustrates neatly the differences in density and 


non-miscibility of the several liquids, and their buoyancy as expressed by K-- 
Archimedes’ principle. If a tightly closed container is used, the entire me Im — 
contents may be thoroughly mixed and upon standing each liquid will ee _Hg 


eventually find its correct position, since they are all non-miscible. This —< - 
demonstration may be retained indefinitely. 


Dunsar, R. E., Science, 58, 233 (1928). 
? Dunsakr, R. E., J. Coem. Epuc., 12, 589 (1936). 


Journal of Chemical Education - March, 1958 
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FOUR-SIZES 


filter paper 
approx. cup capacity, ml. 40 75 


price, single unit 


each-case quantity 
quantity in case 12 8 6 


BUCHNER FUNNELS | 
now in 4 sizes 


Molded 
of 
Polyethylene 


Unbreakable 


Sturdy 
two piece 
construction 


easily 
cleaned 
BU-70 BU-90 
70 90 
165 315 


5.00 6.00 
4.17 


BU-43 BU-55 
size, mm. 42.5 55 


$ 2.75 
2.25 


through leading supply houses or direct 
ask for latest bulletin describing our complete line 
minimum order $10.00 


PIONEER PLASTICS 


BOX 38 FAR HILLS BRANCH DAYTON 19, OHIO 


...... @ most useful reference."= 


25-Year CUMULATIVE INDEX 


Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 

Science Education, April 1954 


$4.°° postpaip ($4.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


L 


SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. °. 
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FINEST QUALITY 


Scientific materials and equipment, regardless 
of price, must possess properties to justify their 
use. No amount of advertising or promotion 
can gain scientific recognition for a product 
that will not perform its function properly. 


Scientists have favored Coors Porcelain for 
over forty years because they know from their 
own experience that the quality of Coors Por- 
celain is constantly maintained and improved. 
Each piece carries a real guarantee that is con- 
sistently upheld. 


The continuing program of development and 
research keeps Coors ahead of the field so that 
Coors can provide the very finest product for 
the modern laboratory. 


For maximum resistance to thermal shock, re- 
fractoriness and inertness to corrosive reagents, 
for accuracy of dimension and carefulness of 
workmanship — American made Coors scientific 
and industrial ceramics are the finest available 
in the world today. 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 


Instrument size: 3 x 5% x 2% inches 
Case size: 3% x 6% x 4% inches 
Weight with accessories: 3 Ibs. 


Completely self-contained in waterproof ever-ready case with 
shoulder strap. 


Eliminates supports and beakers by combining the calomel 
and glass electrodes with the sample holder, in a single 
polyethylene probe unit. 


Permits continuous, direct reading of pH with buttons to 
hold down or dials to turn. a aera 


_ Strips pH determinations ofall complications 


Pividin simple, modern way of measuring pH accurately in 
field or laboratory. 


Makes it easy for untrained, unskilled persons to learn to’ *g 
make pH readings. 


Eliminates errors due to sampling techniques, turbidity, and $ 


presence of oxidizing or reducing agents. 


inexpensive’ I 


Company 
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Ma t Chatha 
Mele 


Analytical Measurements, Inc. 
585 Main Street, Chatham, N. J. 


Please send full information about your pocket pH meter to: 


ity State 
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NEW! 


6" EDITION 
DISCOVERY 
Of the 
ELEMENTS 


by 
Mary 
Elvira 
Weeks 
COMPLETELY REVISED and RE- 
WRITTEN! 
Brought up-to-date to include 
all the exciting new discoveries 
of the past decade... the 
author has re-written every 
chapter, stressing the signifi- 
cance of early discoveries in 
terms of what we know today 
and incorporating all the new 
factual and anecdotal material 
that has come to light. 


SPECIAL CHAPTER ON ELE- 

MENTS DISCOVERED BY ATOMIC 

BOMBARDMENT By Henry M. 
Leicester, Ph.D. 


328 PAGES LONGER THAN FIFTH 

EDITION! Packed to the covers 
with fascinating and enter- 
taining new material. 


GREATER READABILITY! Com- 
pletely new format and type 
style have been employed to 
assure easy-to-read legibility 
throughout. 


TEACHER, STUDENT OR SEA- 
SONED CHEMIST, reading for en- 
joyment only, will find Dis- 
covery of the Elements an un- 
usual treat. Rarely has so 
much instructive information 
been presented in such delight- 
fully entertaining fashion! 
920 pages $10.00 postpaid 
ORDER YOUR COPY TODAY 
CHEMICAL EDUCATION 


PUBLISHING CO. 
EASTON, PA. 


Edward Williams Morley 


His influence On Science In America by Howard R. Williams 


This well written intensely human story of a pioneer in chemical education 
makes absorbing reading. Through careful and exhaustive research, 
Dr. Williams has gathered all available information about Morley the 
leader, the educator, the researcher and the man and presents it with a 
warmth and depth that enables you to feel the greatness of this scientist. 


“Edward Williams Morley was an extremely important figure in the field 
of science during the late 1800’s and early 1900’s. There was so much 
that was admirable and worthy of preservation in his character, in his 
daily life, and in his scientific work that it seemed that someone ought to 
take the time and interest to gather all the available information on this 
eminent scientist, and to put it into form so that future generations of 
young scientists might have the benefit of his scientific experiences and 
his living greatness. 

“His former students and associates think highly of him, and now and 
again tell an incident from his life to show the present generation what 
giants lived of old, but there has been no organized attempt to preserve 
his memory for posterity and he is rapidly becoming a legend rather than 
a living being who once walked the campus paths of Western Reserve 
College and University. 

“T found a personal interest in Morley’s life because of my position as 
teacher of chemistry at Western Reserve Academy which is now located 
on the campus of the old Western Reserve College where Morley began 
his career as teacher and research worker extraordinary. I was in almost 
daily contact with the building where he worked, the house where he 
lived, the campus views which he looked upon and the paths which his 
feet had helped to wear. It seemed the most natural thing in the world 
that I should feel almost as his direct heir and get the urge to do something 


of lasting service to his memory.” 
From the Author’s Introduction 


This rewarding biography belongs in the library of every chemist, educator, 


EDWARD WILLIAMS MORLEY, His Influence on Science in America 
by Howard R. Williams, 324 pages including 45 halftone és 50 


Chemical Education Publishing. Co. 


EASTON, PENNSYLVANIA 


JOURNAL OF CHEMICAL EDUCATION 
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Research Grade PURE WATER ON TAP Je 
DEMINERALIZED WATER AT FAUCET FLOW DELIVERY PORTABLE 


Plenty of lon-Free Water > SPECIFIC GRAVITY 


For Class Use 


The D-Ion Master Cabinet Model de- 
mineralizer offers a practical solution to 
the problem of supplying chemistry 
classes with ion-free water in adequate 
quantity. Eliminates need for water 
stills—Large savings in time and equip- 
ment. No storage tanks are required as 
water is available instantly at flow rates 
up to 100 gals. per hour. This unit 
houses a purifying cell of mixed bed ion 
exchange resins. When built-in purity 
light shows resin is exhausted, cell is re- 
turned to factory 
pny ing ® accurate determinations to the fourth decimal 
e available for any density up to 5 


® steel knives and agate planes 


TABLE MODEL—An ex ited mahogany case all 
ient laboratory yore ay featuring flow ® adjustable for use at 59° or 68° F. 


rates up to 60 gals. per hour. Continuous 6 -in- — from 
flow, instant connection to laboratory faucet. low--in-wast $46.00 to $80.00 


Has direct reading purity meter and choice of 
two kinds of resin refills to supply deminera- For complete information write for brochure. 
lized water for any need. 


"Osher che AUGUST SAUTER OF NEW YORK, INC. 


866 Willis Avenue, 
ION EXCHANGE Albertson, L. N.Y. 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SER | 


ACCURATE MICROSCOPIC OBSERVATIONS 
UNDER HEAT with REICHERT Original 


Kofler Micro Heating Stages 
@ DETERMINE Melting Points ... Eutectic Temperatures... Molecular 


Weights 


@ OBSERVE the physical and chemical phenomena of substances 
@ IDENTIFY and EXAMINE organic compounds and jPolymor- 


phic substances 
For detailed 

information write 
for catalog H 


WILLIAM J. HACKER & CO., Inc. 


82. Beaver Street, New York 5, N. Y. 


BRYDEN ROD CLAMPS 


Best for all 


will not rust or slip, 
have no snagging ends. 


Brydens are available as: 
Rod to Rod Clamps 
Rod to Sheet Clamps 
Tube to Pipe Supports 
Extension Rod Clamps 
Round Rod to Square Clamps 
Write for FREE literature today 


CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


ppelling! 


NEW! Delicate control of fluids. SAFE for 
handling radio isotopes and disease germs! 
Turn knob to fill pipette and reverse to empty. 
Made of aluminum and nylon. $2.50-Guaranteed 
Contact your local laboratory supply or write 
Micro-Fine Instruments, Box 2122, Des Moines 10, la. 


Send for our 1957 - 1958 
Catalog listing the finest 
organic chemicals available 


H&S CHEMICAL 
CORPORATION 


168 EATON STREET 
BUFFALO 8, NEW YORK 


CARGILLE 
BOILING STONES 


Effective Anti-Bumping Agent 
Prevents bumping of 
boiling liquids. 
Speeds up distillations 
(including Kjeldahls) 
Facilitates sharper 
separation of fractions 


Leaflet and Sample on request. 
CARGILLE SCIENTIFIC INC. 
117 Liberty St. New York 6, N. Y. 


RARE and FINE ORGANICS 


dl-THIOCTIC ACID 
98.5% min. purity $12.00/g. 


BORON TRIIODIDE 
m.p. 49°C; 99.5%... .$90.00/100 g. 
36.00/10 g. 
also 
BORON TRIMETHYL 
BORON TRIBUTYL 
BORON TRIISOPROPYL 


Write for free catalog 


1K) LABORATORIES 


Incorporated 
29-46 Northern Bivd. LIC. 1, N. Y. 


TRADE-MARK 


ALICYCLIC COMPOUNDS 


(For Pharmaceutical and Aromatic Industries) 
Compound Availability 


CYCLOPENTANOL 


CYGLOPENTYL. BROMIDE 
CYSLOPENTYL. CHLORIDE 
(Red Label) 


Commercial 
Commercial 
Commercial 


GYGLOWEXTL CHLORIDE 

GYGLOPENTANONE OXIME 
CVGLOPENTENE (Red Label) Research 
CYCLOHEXENE OXIDE Research 


CYGLONEXENE (Red Label) Pilot 
B.P. 81-83.3° C. 


Write Dept," for out 


or write or ask our 


Research 
Pilot 
Pilot 
Research 


sales agents. 


2800 PEARL STREET * BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 
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METALS 
MINERALS 
RHENIUM WIRE, STRIP & DISCS 
Send for New Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


| MERCURIC LACTATE | 
LITHIUM LACTATE | 

ZINC LACTATE 
| Some of the many special chemicals we ] 
manufacture | 


132 W. 22nd St. New York 11, N.Y. 


Write for our list of rare chemicals 
® CITY CHEMICAL CORP. | 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


without A.E.C. license 


RADIATION EQUIPMENT & KITS 


Write for Prices and 
Radiation Safety Suggestions 


ATOMIC RESEARCH LABORATORY 
10717 Venice Boulevard Los Angeles 34, Calif. 


“Quality Products for Atomic Education” 


NOW OVER 5/00 
CHEMICALS 
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Flexibility .. . permanence... 

»" economy. These are prime reasons 
Aloe MODULINE unitized steel 
furniture finds so much favor with 
architects and builders of 
laboratories. Aloe MODULINE is 
flexible in function and arrangement, 
permanent in its all-welded 
construction, economical in initial 
cost and upkeep. 


For educational, research, industrial 
laboratories . . . wherever the best 
laboratory furniture is called for . . . 
more and more builders specify 
Aloe MODULINE. Write for free 
MODULINE brochure. Dept. 127. 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 

5655 Kingsbury, St. Louis 12, Mo. 

14 divisions coast-to-coast 


Ace Glass, Inc 
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LIVELY NEW TEXTBOOKS 


® Textbook of Organic Chemistry 
By Lloyd N. Ferguson, Professor of Chemistry, Howard University 


This new study is a true textbook rather than the usual 
reference volume on organic chemistry. The kind and 
quantity of teaching aids are exceptional, and the sub- 
ject is treated from the standpoint of an organic chem- 
ist’s work: syntheses, separations, qualitative analysis, 
industrial applications, and so forth. Such practical 
associations minimize learning by rote. Professor 
Ferguson emphasizes the interrelation of basic prin- 
ciples of chemistry so that students can achieve a real 
understanding of the characteristic chemical and physi- 
cal properties of organic substances. 

Ready in April 


® An Introduction to Chemistry 
By Charles Compton, Professor of Chemistry, Williams College 


Writing in a fluent and absorbing style, Professor Comp- 
ton brings to life the aspects of chemistry that capture 
and maintain the non-science student’s interest: ideas 
concerning the structure and behavior of matter, and 
the practical applications of these ideas. His approach 
develops an appreciation of the methods which chem- 
ists employ, especially through the use of condensed 
case histories. A chapter on the work of early Greek 
philosophers further points up the vital importance of 
investigation by experiment. Special attention “is 
devoted to nuclear chemistry, food and medicine. 
About 615 pages. Ready in March 


from Van Nostrand 


© Basic Principles of Chemistry 


By Eugene C. Winslow, Associate Prof. of Chemist 
University of Rhode Island 

This new text strikes through to the heart of chemistry, 
presenting a vivid, integrated view of inorganic, organic 
and physical chemistry. Professor Winslow places 
primary emphasis on the periodic table rather than on 
the individual elements and their properties, developing 
valid general rules for predicting the properties of ele- 
ments in terms of the periodic table. He presents 
clear, readable explanations of common phenomena, 
recent experiments, and discoveries not found in most 
general chemistry books. The author strongly believes 
that there is a fascinating story in chemistry, and this 
book attempts to tell part of that story. 

About 336 pages. 


Ready in March 


© Instrumental Methods 
of Analysis, Third Edition 


By Hobart H. Willard, Sager 
Michigan; Lynne L. Merritt, Jr., Prof 

University; and John A. Associate of 

University of Tennessee 

This popular text now appears in a convenient 6 X 9 
letterpress edition in which every chapter but one has 
been completely rewritten to accommodate new ma- 
terial on the latest instruments and methods. It fea- 
tures new chapters on gas chromatography, infrared 
spectrophotometry, and, for the first time in any instru- 
mental textbook, a chapter on nuclear magnetic reso- 
nance spectroscopy. For each class of equipment the 
text shows a photo of a representative instrument, 
generally accompanied by an explanatory line drawing 
or cut-away diagram. Descriptions and directions for 
laboratory experiments are the most complete and 
detailed available in any textbook. 640 pages. $7.50 


© Man and His Physical World 


and John W. Coutts, Associate P, 


of Ch y, Lake Forest College 


Especially designed for science survey courses for non-science majors, this new third edition is 
brought completely up to date, providing a solid background of fundamentals of chemistry, 
physics, geology and astronomy. It places emphasis on the theories, methods and history of 
science rather than on applications, thus leaving the instructor more class time for advanced 


treatment of selected topics. 


A new approach makes the treatment of chemical changes more 


meaningful. Valences, for instance, are not introduced as numbers to be memorized, but in 
conjunction with electron charges, so that the connection is firmly established. 


672 pages. $6.50 


WRITE FOR EXAMINATION COPIES 


D. Van Nostrand Company, Inc. 


120 ALEXANDER STREET - PRINCETON, N. J. 
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EXCLUSIVE FEATURE... 


Swivel joint clamp 
with swinging arm 


e Permits rapid lowering or raising of flask, 
beaker or other container as in titrations, 
hydrogenations, etc. 

e Particularly convenient in closed system 
= assemblies. 


MAGNETIC STIRRERS 


. . . for variable speed stirring within either closed or open vessels 


A compact, quiet-running apparatus which 


utilizes a rotating field of magnetic force to 9235-15. Stirring Bars, Magnetized, Glass Coated. 
induce variable speed stirring action within Consisting of a cylindrical permanent magnet sealed in 
either closed or open vessels. 1% 
Stirring is accomplished by means of a Diameter, approx. inches _% Ms 
small magnetized bar, which is placed in the 
liquid to be stirred and which is rotated by Thomas, sealed in-c transparent, durable shell of Kel-F. 
magnetic force consisting of a permanent bar Length, approx. inches ao mom 2 
Diameter, approx.inches.... Ya Ne Ne 
magnet attached to the shaft of an electric a8 1.38 159 106 
motor and mounted in an aluminum housing Ditto, Tefion Coated, Vacuum Tested, 
with flat top 43< inches diameter and 414 herpes, sealed in Tefen. 
Length, inches 1% 2% 
inches high, on cast metal base. Can be used rat yaar inches % % 
either on the table or on a support rod, at- 1.95 2.35 3.35 
tached by means of the clamp with swivel joint 10% discount in lots of 12, 15% discount in lots of 72. 
and swinging arm, an exclusive feature of the 
Thomas Stirrer. Center of stirrer top is adjust- 
able between 3 and 41% inches from support 
rod. Stirrer can be easily raised or lowered on 
the rod, and swings in or out of position in a 
horizontal plane. 

Suitable for any stirring operation which 
involves 1 ml to 1 liter of liquids with vis- 
cosities up to that of a 50% glycerol solution. 
Particularly convenient for use in closed systems. 
9235-C. Stirring Apparatus, Magnetic, Thomas, with 
enclosed rheostat. With graduated dial, and with rheostat 
mounted in stirrer housing. Complete with one Kel-F coated Stirring 
Bar % inch long, and one Pyrex brand glass coated Bar 1% 
inches long; also cord, plug, and directions for use. Power con- 
sumption 7 watts; for 115 volts, 60 cycles, a.c. only...... 35.10 


9235-G. Ditto, without Stirring Bars 


In use in a closed system such as 


Copy of Bulletin 118 sent upon request. 
ARTHUR H. THOMAS COMPANY 
PHILA USA Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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Highlighting Basic Chemical Research 


The nation-wide recognition of basic research and its importance to the con- 
tinued success of applied research serves to focus attention on the value of the ACS 
Monographs to chemical progress. They are thorough, authoritative works on 
fundamental and advanced chemical theory, and reflect the scientific understanding 
of their authors. The new monographs described on this page illustrate the tradi- 
tion of basic research which has been a guiding spirit of the series since 1921. 


Announcing a new edition . . . The authoritative work on both experiment and theory 
THE PHYSICAL CHEMISTRY OF ELECTROLYTIC SOLUTIONS, Third Edition 


ACS Monograph No. 137 


Distinguished . . . classic . . . 
cal Chemistry of Electrolytic Solutions! 


by HERBERT S. HARNED and BENTON B. OWEN, Professors of Chemistry, Yale University 
monumental: these are words to describe the new, third edition of The Physi- 
It will stand unsurpassed for many years to come, and continue 


the already great reputation achieved by the first two editions. It is an absolute “must” for everyone in 


fundamental research involving solutions of electrolytes. 


Covers preparation, properties, uses . . . 
THE PENTAERYTHRITOLS 
ACS Monograph No. 136 


1958, 838 pages, $20.00 


by EVELYN BERLOW, ROBERT H. BARTH, and JOHN E. SNOW, Heyden Newport Chemical Corp., Garfield, N. J. 


This timely monograph surveys and evaluates the published literature on pentaerythritols, dipentaerythritol, 
and tripentaerythritol. The preparation of these polyhydric alcohols and the formation, properties and uses of 
their derivatives are covered in detail. Recent developments in the field of alkyd resins, polyesters, polymeric 
acetals and ethers of pentaerythritol are emphasized to inform industry of their increasing soma, | applica- 


tions. This is the first unified and dependable discussion of pentaerythritol use in synthetic resins. 
1958, 325 pages, $10.00 


Complete coverage of all reported compounds . . . 
ALIPHATIC FLUORINE COMPOUNDS 


ACS Monograph No. 138 
by ALAN M. LOVELACE, WILLIAM POSTELNEK, Wright Air Development Center, Dayton, Ohio and 
DOUGLAS A. RAUSCH, Dow Chemical Co., Midland, Mich. 
The preparation and properties of all reported organic fluorine compounds (except aromatic) are comprehen- 
sively covered in this new monograph. Here is a complete and concise collation of these compounds from 
Moissan’s time to the present. This incredible collection and critical review of the field’s systematic progress 


includes the many developments which have occurred since World War II. 


1958, 400 pages, $12.50 


Other New Reinhold Technical Books 


ORGANIC ELECTRODE PROCESSES 
by Mixton J. ALLEN, Director of the Physical Research Labo- 
ratories, CIBA Pharmaceutical Products, Inc., Summit, N. J. 
Provides organic chemists with the principles and practice of 
the electrochemical method. 

1958, 190 pages, $6.50 


BETTER REPORT WRITING 


by Witus H. Waxpo, Technical Editor, Research Dept. Or- 
ganic Chemicals Div., Monsanto Chemical Co., St. Louis, Mo. 
Fingertip help with the chronic problems of scientific expres- 
sion for all technical report writers. 

1957, 239 pages, $4.75 


ORAL COMMUNICATION 
OF TECHNICAL INFORMATION 
by Ropert S, Casey, Sheaffer Pen Co., Fort Madison, Iowa. 
Methods of effective speaking for almost all situations are as- 
sembled here in “how to” manner for technical men. 

1958, 192 pages, $4.50 


The New Volume 7 of 

ENCYCLOPEDIA OF CHEMICAL REACTIONS 

Edited by C, A. Jacosson, Late Professor of Chemistry En ri- 

tus, West Virginia Univ., and CuirForp A. Hampet, Cons lt- 

ing Chemical Engineer. Newest addition to this major 1 ‘er- 

ence work. Volume 7 includes Strontium through Titanium . 
Vol. 7, 1958, 488 pages, $1°.75 


Send today for your ON-APPROVAL copies 


REINHOLD PUBLISHING CORPORATION ~- Dept. M-246 - 430 Park Avenue, New York 22, N.Y. 
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RotoRelay - 


works like : 


. a motor 


ElectronicJRelay Model #4 is the most important advance in the 
design of highly sensitive electronic relays for the control of 

relatively large amounts of power. Every conceivable relay improvement 
is embodied in this new instrument. It is designed with the new 
RotoRelay which employs a mercury-to-mercury contact in a 
completely sealed steel chamber. 


RotoRelay employs a sealed mercury switch tube which is tilted to the 
open-circuit or closed-circuit position by a highly efficient magnetic 
circuit. There is no sliding plunger within the mercury tube. This means 
you get positive action . . . no danger of sticking or breaking! The d.c. 
power input for reliable operation of RotoRelay with a 35-amp mercury 
tube is less than one watt, compared with four watts for a mercury 
plunger relay. 


Also you achieve direct current in the control circuit. You can use 
unlimited lead wires to your control, making it independent of 
capacitance changes. The cortrol circuit operates with micro currents. 


The Electronic Relay Model #4 is in a corrosion resistant case 
convenient for permanent installation or bench use with a 15 amp 
line cord and power receptacle. 


For complete information, write for Bulletin 


TABLE OF RELAY CHARACTERISTICS — Model +4 


Load Current | 35 amps. 115 volt AC 


Control Voltage | 7 volts DC open circuit 


Control Current | 2 microamps DC closed circuit The EMIL (GREINER 


Catalogue No. 24875 
i 115 


, " - 20-26 N. MOORE STREET e Dept. 222 « NEW YORK 13, NEW YORK 
® 
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NALGE maintains its position of leadership 

by being the first to fashion laboratory ware from 
polypropylene . . . the latest development in the field 
of plastic chemistry. 

This amazing new plastic has a wide range of 
properties that are remarkably suitable for lab use. 
Harder, more rigid, with greater heat resistance 
(320° F or 160° C) and transparency, 

NALGENE (polypropylene) means more useful, 
unbreakable equipment. And you'll like 

the handsome, pleasant-to-handle quality 

of NALGENE laboratory ware! 


Polypropylene ware...another NALGE first 


New plastic makes Nalge Lab-ware even more practical 


1201 [Pr] Beakers 
30-50-100-150-250-400- 


Conical, 15 ml 


1210-1 [PR] Centrifuge 
and Test Tubes 

75x12, 100x13, 100x16, 
105x29, 115x15, 115x19, 
162x32 mm 


1224 [PR] Graduated 
Cylinder 

25, 50, 100, 250, 500, 
1000 ml 


1226 [PR] Pharmaceutical 
Graduates 

Double scale: 

4 02./125 ml; 

8 0z./250 mi; 

16 02./500 mi; 

32 0z./1000 mi 


Now in stock at your suppliers ...ask to see it 


Your supplier will gladly furnish you with 


J our new catalog G-358 which completely 
details all Nalge plastic laboratory supplies. ROCHESTER 2. NEW YORK 
YORK 
WORLD’S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE 
ICATION VOLUME 35, NO. 4, APRIL, 1958 Als1 
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Molecular Models orcanic structure 


These well known model sets designed by Professors Wallace R. Brode and 
Cecil E. Boord of Ohio State University and Professor Charles D. Hurd of 
Northwestern University have proven to be of great assistance in helping the 
student of organic chemistry visualize three dimensional structure. 

Discussed a length in “Journal of Chemical Education Vol. 9, page 1774, 1932” 
they present a clear and impressive concept of valence and molecular structure 
and are available now at a price which permits individual student ownership. 

Atoms are represented by colored enamel balls drilled to receive connecting 
bonds. Carbon to carbon, carbon to nitrogen and other linkages are represented by 
2% inch wooden pegs. Carbon to hydrogen, carbon to chlorine or other sub- 
stituent univalent linkages are represented by 1%4 inch wooden pegs. Multiple 
bonds, ring structure linkages, flexible bonds and unsaturated linkages are 
represented by 2 inch helical springs. 

The complete set consists of the following parts: 

10 black balls to represent carbon atoms 

2 light blue balls to represent nitrogen atoms 
28 yellow balls to represent hydrogen atoms 
6 red balls to represent oxygen atoms 

4 green balls to represent chlorine atoms 

2 orange balls to represent bromine atoms 

2 purple balls to represent iodine atoms 


A supply of 2% inch wooden pegs to represent carbon to carbon, carbon to 
ee Model to nitrogen or other bonds 
specification of and may be used in A supply of 1% inch pegs to represent carbon to hydrogen bonds and carbon 
conjunction with, “LABORATORY ‘to chlorine or other substituent univalent linkages. 


ORGANIC CHEMISTRY,” by Boord, et. supply of inch helical springs to represent multiple bonds or for forming 


Brod dB t, published b 
John ‘Wiley J $-61815 MOLECULAR MODELS—Organic Structure, Student Set, 


Complete as described. 
Per set $ 5.50 
Per 3 sets 15.00 
Per 12 sets 54.00 
Per 72 sets 288.00 


SARG E N SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS SUPPLIES CHEMICA‘S 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINC!S 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


ur firm or Institu- 


NEW APPARATUS AND EQUIPMENT 


p> Wm. Ainsworth & Sons, Inc., Dept. 
JCE, 2151 Lawrence St., Denver 5, Colo- 
rado, now has available a completely new 
instrument: An automatic, recording, 
analytical balance which shows instan- 
taneous weight and rate of weight change. 
It is expected that this new laboratory 
tool will open up new fields of research and 
control. Probable applications are in 
thermogravimetric analysis, and in in- 
vestigation of evaporation, absorption, 
corrosion, oxidation, decomposition, and 
other reactions in which weight-vs-time 
or weight-vs-temperature (or other fac- 
tors) is significant. 


> A new indicating version of the Dyna- 
master self-balancing electronic potenti- 
ometer or bridge has just been announced 
by The Bristol Co. of Waterbury 20, 
Connecticut. 


> A new electronic recorder that can re- 
ceive and record output from as many as 
four remote ring balance meter-operated 
slide wires has been developed by Hagan 
Chemicals & Controls, Inc., Hagan Build- 
ing, Pittsburgh 30, Pennsylvania. 

The instrument can be used to record 
any quantity measured by a Hagan Ring 
Balance Meter, including fluid density, 
liquid level in open or closed vessels, 
boiler drum water levels, and temperature 
and pressure compensated fluid flow read- 
ings. 


> A plastic-to-metal adapter has been 
devised by the American Vulcathene Div., 
P. O. Box 365, Rochester 2, New York. 
This adapter solves the problem of a good 
mchanical connection between their poly- 
et!iylene traps and fittings and to existing 
mv tal pipes and fittings, without the use of 
customary clamps. 


>» Comroe Laboratories, Inc., 5208 So. 
Like Park Ave., Chicago 15, Illinois, 
announces development of a completely 
portable water demineralizing unit that 
dis not require any electrical outlet for 
monitoring water purity. 


> \ new general purpose, high-speed, 
glow tube sealer, Model 132, has been de- 
ve'oped by Baird-Atomic, Inc. This 
Multisealer II features universal high- 
ped counting for use in medical and in- 
du-trial research and is designed to pro- 
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vide extreme versatility for geiger, pro- 
portional, and scintillation counting. For 
complete details and specifications contact 
Baird-Atomic, Inc., 33 University Rd., 
Cambridge 38, Massachusetts. 


> The new ‘“Webcell” electro dialyser, a 
product of Brosites Machine Co., 50 
Church St., New York 7, N. Y., provides 
accurate data of the separation of soluble 
salts from solution. Resultant informa- 
tion in the areas of recovering valuable 
acids, bases, and salts from plant sewage; 
removal of salts from organic or colloidal 
materials; salt concentration and preven- 
tion of stream pollution can be scaled to 
actual industrial size. 


> Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, New Jersey, 
announces a new armored glass flow type 
conductivity cell for applications in the 
chemical processing and demineralized 
water industries. 


> Gow-Mac Instrument Co., 100 Kings 
Rd., Madison, New Jersey, announces 
availability of high positive coefficient re- 
sistance filaments for use in chromatog- 
raphy detectors especially at temperatures 
over 125°C. 


(Continued on page A155) 
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the NEW CONTOUR HEATER 


FOR ROUND-BOTTOM FLASKS 


*% Dry Flask Voltage up to 140 Volts 
% Temperatures up to 600° C. (1100° F.) 


% For First Time 10-ml and 25-ml Sizes Available 


% No Expensive Supports Needed 


% Practical and Durable Cylindrical Metal Housing 


% High Heating Efficiency with Uniform Heating 


% Same Heat Effect with Same Voltage for All Sizes 


THERMOWELL heaters are being used and praised by 
school, industrial, and government labs from coast to 
coast. Start to throw away those dangerous Bunsen bur- 
ners in your elementary and advanced labs and replace 
them with safe, ‘‘student proof’ THERMOWELL 
heaters, which can’t be burned out and are so easy to set 
up. 


Operate them directly on the bench, or place the heater . 


on a covered standard extension ring. Cover the ring 


Performance plus low cost! 


with inexpensive sheet metal squares or asbestos-cement 
board squares. Both types come with holes drilled for at- 
tachment by wiring to the ring, and are available from us in 
different sizes. 

For heater sizes 1000-ml and smaller we recommend 
the low-cost ($18.75) model PA-3 ‘‘Adjust-A-Volt” auto 
transformer which has an output of 3 amps and 135 volts. 
Comes complete with switch, pilot light, fuse and recep- 
tacle, in an attractive metal housing. 


Flask Size 10 25 50 100 125 200 250 300 500 1000 2000 3000 8 5000 
Price 8.50 8.50 8.00 10.00 10.50 12.00 13.00 13.50 16.00 18.50 22.00 26.00 34.00 


(Power cord 90 cents extra. Above heaters are equipped with Hubbell twist-lock connectors. ) 


vning atl dete, Onder fom: LABORATORY CRAFTSMEN wisconsin 


PARR BOMB 


Calorimeters 


For determining the heat of combustion 
of solid or liquid fuels, using oxygen 
(or sodium peroxide) as the oxidizing 
medium. All have electric motor driven 
stirrers, thermometers and all acces- 
sories for testing solid and liquid fuels. 


Series 1200-Adiabatic Type with Self- 
Sealing Oxygen Bomb. Has circulating 
water jacket enclosing the bomb cham- 
ber. Jacket temperatures are easily 
adjusted for adiabatic operation, thus 
eliminating radiation corrections. Stur- 
dy, well suited for routine or research 
calorimetry. 


Series 1300-Plain Type with Self-Seal- 
ing Oxygen Bomb. Has non-metallic 
dead-air insulating jacket. Radiation 
corrections are required. Excellent for 
occasional or routine tests, or for stu- 
dent instruction. 


Series 1400-Plain Type with Sodium 
Peroxide Bomb. Jacket construction 
similar to Series 1300. Useful for rov- 
tine fuel tests, especially in localities 
where compressed oxygen is not readi- 
ly available. 


Your Parr Dealer will gladly 
furnish information and prices, or 
write direct. 


SERIES 1400 
SERIES 1200 


SERIES 1300 
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Editor's Sacket 
» Designed to provide a rapid, depend- 
able, inexpensive method for determining 
osmotic pressure, molecular weight of 
many water-soluble compounds, and the 
molecular weight of many organic com- 
pounds in benzene, the newly-modified 
Aminco-Bowman Freezing-Point Depres- 
sion Apparatus is now being adapted for a 
variety of purposes. For additional infor- 
mation, write to the American Instrument 


Co., Inc., 8030 Georgia Ave., Silver Spring 
Maryland. 


» A new direct reading spectrometer, the 
“‘Atomeounter,”’ developed by the Jarrell- 
Ash Co., 26 Farwell St., Newtonville 60, 
Massachusetts, completes analysis of both 
ferrous and nonferrous metals and alloys 
within 30 seconds—and instantly registers 
concentrations of up to 30 alloying ele- 
ments simultaneously on easy-to-read 
dials. 


>» Faster and more accurate chemical 
analysis of labeled compounds is now pos- 
sible, thanks to a new paper chromatograph 
scanner developed by Nuclear Measure- 
ments Corp., 2460 No. Arlington, In- 
dianapolis 18, Indiana. 

Of primary use to chemists and biolo- 
gists in the analysis of C-14 and other soft 
beta emitting compounds, the instrument 
also has wide application in biochemical 
analysis. 


» Atomic Energy of Canada Ltd., Box 
93, Ottawa, Canada, have available a 
laboratory size, self contained, Gamma 
Irradiator—‘“‘Gammacell 220.” 


NEW LITERATURE 


@ A 350-page, color-coded Pyrex brand 
laboratory glassware catalogue, containing 
the most complete listing of borsilicate 
glass chemical ware and apparatus ever 
printed, has been issued by Corning Glass 
Works. Some 474 new items are among 
the more than 9000 described in the 
volume. Included in the 385 new custom 
made apparatus products are a wide range 
of micro ware pieces and needle valve 
equipped laboratory ware. Designed on 
the basis of a consumer preference survey, 
the catalogue, for the first time, contains 
standard and custom made items in a sin- 
gle volume. A two-page chart shows prop- 
erties, principal uses, and forms available 
for 32 different glass compositions. 


The catalogue, designated as LG-1, is 
available on request on company or in- 
stitution letterhead, from Corning Glass 
Works, Laboratory Glassware Sales De- 
partment, Corning, New York. 


@ Photovolt Corp., 95 Madison Ave., 
New York 16, N. Y., announces Bulletin 
#355 on their Lumetron colorimetric Ti- 
trator Model 401-T, the first commercially 
available instrument for rendering color 
and turbidity titrations that are not sub- 
jective. 


@ A new leaflet describing the Oxford 
Model B Dialyzer which provides motor- 
driven facilities for the simultaneous dialy- 
sis of 16 separate samples, each up to 20 
ml, against a 5-liter buffer volume, is now 


VOLUME 35, NO. 4, APRIL, 1958 


available from Oxford Laboratories, 111 
Sutter St., San Francisco 4, California. 


@ The latest version of Kimble’s manual, 
The Care and Handling of Glass Volumetric 
Apparatus may be obtained from Owens- 
Illinois Glass Co., Toledo 1, Ohio. 

@ Arthur H. Thomas Co., Box 779, 
Philadelphia, Pennsylvania, announces 
that they have developed equipment for 
the new Schéniger technique for the rapid 
determination of halogens, sulfur, phos- 
phate, traces of metals, etc., in organic sub- 
stances. Ask for Bulletin 6470-E. 


@ J.T. Baker Chemical Co., Phillipsburg, 
New Jersey, announces the availability of 
an information package containing a data 
sheet on EDTA and its disodium salt, a 
data sheet on chelometric indicators, price 


and package information on EDTA and 
associated reagents, and some reprints on 
EDTA from the Chemist-Analyst. 

@ The process of drying by sublimation 
under high vacuum conditions—or “freeze- 
drying’’— is now being applied on the in- 
dustrial scale to the preservation of food, 
the preparation of pharmaceuticals and 
biologicals, and the preservation of blood 
plasma, human tissues, and many serums 
and vaccines. The rapid acceptance of the 
freeze-drying process has provided the im- 
petus for the Vacuum Equipment Division 
of F. J. Stokes Corp., 5500 Tabor Rd., 
Philadelphia 20, Pennsylvania, to prepare 
a revised and up-to-date version of its 
comprehensive 20-page brochure No. 735 
on Freeze-Drying in Industry. 


(Continued on page A157) 


Could This Happen in Your Lab? 


Chemical Blast 
Injures Students 


ode 


ome 


Mishaps can occur—even in the best regulated chemistry lab. But ade- 
quate precautions can practically eliminate the risk of serious injury. 

This is the reason more and more high schools are equipping their 
science rooms with Kewaunee FLEXIHOODs. 

The Kewaunee FLEXIHooD is portable, easily moved within a lab 
and from room to room. It provides safe, sure fume removal, plus 
protection against other hazards of experiments. 

The FLExtHoop makes an excellent lecture-demonstration unit— 
glass paneled front and back provide students with a clear view of 


the experiment being conducted. 


36%” wide (43” with attached blower), 25” high, 20” deep, the 
compact FLEXIHOOD requires no expensive installation for blower and 
duct system, nor does it need fixed mechanical services. 


Write for FREE brochure giving complete details and specifications 


KEWAUNEE MANUFACTURING COMPANY 
5014 S. Center Street, Adrian Michigan 


REPRESENTATIVES IN PRINCIPAL CITIES 
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Alcoa’s fascinating 
new teaching aids tell 
story of aluminum production 


Write for them... they’re free 


Integrated 15 x 21-in charts plus kit of exhibits tell 
complex story of aluminum production in simple, stimu- 
lating fashion. Available one to a high school for use 
in chemistry classes. Supplement these materials with 
booklets and with showings of Alcoa motion pictures 
described in free catalog. Write ALUMINUM CoMPANY 
OF America, 803-D Alcoa Building, Pittsburgh 19, Pa. 


Your Guide to the Best 
in Aluminum Value 


Ask for this free 
Aluminum Company of America ‘*ts!og of booklets 


and films. 
803-D Alcoa Bidg. 
Pittsburgh 19, Pa. 


cs Please send new Alcoa® Aluminum teaching kit. 


[_] Also send free catalog of motion pictures and booklets. 


Teacher's name 


High school 


Street add: 


Post office and state. 


THE ALCOA HOUR + Television's Finest Live Drama + Alternate Sunday Evenings 


LABLINE 
Electro- 


Chromatofuge 


(Continuous Planar 
Electrophoresis) 


HELPS YOU TO: 


@ Run one or two samples 
at same time. 

@ Make chromatographic 
and electrophoretic sep- 
arations—independently, 
in sequence, or simul- 
taneously. 

© Preset centrifugal force 
(including zero) and 
electrical force desired 
for test. 

@ Perform discontinuous 
or continuous opera- 
tions, as desired. 

The Labline Electro - 
Chromatofuge offers 
greater centrifugal and 
electrical forces at higher 
collection speeds. Rectang- 
ular head permits separate 
collection of electrolysis 
products. Has. chromato- 
fuge features plus depend- 
able electrical field and 
contact components. 


@ Catalog No. 22977— 
$1,695.00 complete. 
@ Catalog No. 22978 (Power 
Supply, 100-1000 Volts DC 
for use with Cat. No. 22977) 
$375.00 


LABLINE 
Chromatofuge 


(Accelerated Chromatography! 


HELPS YOU TO: 


® Make your tests in 5 to 
30 minutes. 

@ Run 25 different separa- 
tions at same time. 

® Identify samples 
immediately. 

@ Make two dimensional 
separations. 


In the new Labline 
Chromatofuge, the centri- 
fugal developing force is 
controllable within a wide 
range, is simple to select, 
and will not change with 
voltage or load fiuctua- 
tions. Rapidity of separa- 
tion minimizes decomposi- 
tion and temperature 
effect, sharpens definition, 
reduces drying. R¢ values 
are readily determined. 

Built-in, one hour timer 
turns off at end of preset 
time . . . additional equip- 
ment available for contin- 
uous, automatically con- 
trolled, large volume 
separations. Strong, stain- 
free construction, built for 
long, dependable service. 


@ Catalog No. 22976— 
$1,295.00 complete. 


© Write for detailed information 


NEW YORK 
Supply | 
COMPANY, INC. 


16 Varick Street, New York 13. ane 
Telephone - CAnal 6-6504 


KEY TO ALL 
LABORATORY SUPPLIES 
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; Extra Large Oil Reservoir ° Greater Free Air Capacity 
Editor's Carket VACUUM DISTILLATION PUMP 


SINGLE STAGE CONSTRUCTION 
e A new price list, showing many addi- 
t ons to its line of nuclear instruments and © Guaranteed Vacuum .02 mm. (20 microns) 


scessories, is now available from Nucle- © Free Air Capacity 33.4 Liters Per Minute 


Mer Especially Efficient in Distillations 


Requiring Long, Continuous Service 
@ A new 16-page booklet titled Questions Pump Revolutions - 300 RPM 
and Answers on X-ray Diffraction, Diffrac- M , 

Motor - 1/3 HP - 1725 RPM 
«metry and Spectrography is available from Tubing Required - 5/8-inch i.d. 
the Instruments Division, Philips Elec- Overall at 
tronies, Inc., 750 So. Fulton Ave., Mount Mounted Pump 
Vernon, New York. 195g x 11% x 155¢ inches high 
Belt-tightening Provision 
@ Blonder-Tongue Laboratories, Inc., 9 Extra Supply of Duo-Seal Oil 
Alling St., Newark 2, New Jersey, an- PRICE 
nounced the publication of a 16-page book- $ 00 
let describing their low-cost closed circuit 150 
television systems today. The booklet, Complete with Motor 
What Closed Circuit Television Means To 
You, is a comprehensive presentation of The large volume of oil dilutes the vapors which are a product of the 
typical closed circuit TV camera systems distillation, thereby reducing sticking and corrosion of the pump mecha- 
alae d ‘ t : nism. If the oil becomes too contaminated, it can be removed quickly and 
applications, and equipment. easily by means of the drain cock. The movement is simple, trouble-free 
and operates quietly. 


@ Chemicals for the Textile. Industry, a 
om ; : 1404H. WEGNER PUMP, Motor Driven. 1404F. WEGNER PUMP, Motor Driven. 
28-page booklet summarizing textile appli- For 115 volts, 60 Cycles, A.C. Each $150.00 For 115 volts, D.C. Each, $200.00 


cations for organic chemicals, has just been For attached Belt Guard add $17.50 to prices. 


ublished by Union Carbide Chemicals 1404. WEGNER Pump, Unmounted. 
C 30 E dnd St., New York 17, N. Y 14041. WEGNER PUMP, Motor Driven. With pulley, but without motor, belt, or base. 
0., 4 ~“ hares For 230 volts, 60 Cycles, A.C. Each, $152.00 Each $115.00 


@ Cenco Newschats Number 85 is now W. M. WELCH SCIENTIFIC COMPANY 


available from Central Scientific Co., 1700 DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
Irving Park Rd., Chicago 13, Illinois. "ESTABLISHED 1880 

1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 

@ Scientific Apparatus and Methods Vol- Manufacturers of Scientific Instruments and Laboratory Apparatus 
ume 10, Number 1, is now available from 
E. H. Sargent & Co., 4647 W. Foster Ave., 
Chicago 30, Illinois. 


@ Eighty-one deuterium labeled com-. 
pounds in stock or available on short notice 
are offered by Volk Radiochemical Co., 


5412 No. Clark St., Chicago 40, Illinois, N 
in a 4-page catalogue just issued. ew 
@ A new 16-page facts booklet on the 
glassed centrifugal pump has been jointly 
issued by Goulds Pumps, Inc., Seneca MC&B 
ectro - Falls, New York and the Pfaudler Co. 
»ffers For your copy of the facts booklet titled 
and It's What's Inside that Counts, write Goulds 
higher Pumps, Ine., 42 Black Brook Rd., Seneca ata og 
ctang- Falls, New York. 
parate @ Catalogue C-60-2, Thermometers, In- 


rolysis dicating, Recording, Controlling, may be ob- Ne )) WW 
ymato- tained from the Minneapolis-Honeywell 
>pend- Regulator Co., Industrial Division, Wayne 


1 and and Windrim Avenues, Philadelphia 44, ? 
Pennsylvania. They also offer buyers Ready 
guide G100-8, Pyrometer Supplies, Thermo- 


mplete. 


(Power @ Volume 3, No. 2, Beckman Infrared 


olts DC is an informative, illustrated four- : 
22977) p.ver featuring the low cost, double beam Listing over 4,000 fine organics, inorganic reagents, indicators and 


375.00 Il-5 Spectrophotometer for routinely stains, including new products—practically all of the reagent and 
ruvning infrared analyses. For your research grade chemicals needed in laboratory work. We al- 
copy write: Beckman/Scientific Instru- ways maintain a complete stock of over-4,000 MC&B Chemicals 
mts Division, Fullerton, California. at two locations to help your MC&B Distributor give prompt service 
@ Bulletin 200, Staynew Pipe Line Fil- on all MC&B chemicals. Ask your MC&B Distributor for a copy of 
te’, describes some of the various filters our new catalog, or write direct. 
minufactured by the Dollinger Corp., 


Roch 
ester 3, New York. CB Matheson Coleman & Bell 


Assemblies and Components. 


@ [racerlab offers a new bulletin, No. 89, , Division of the Matheson Company, Inc. 


(Continued on page A158) Norwood (Cincinnati), Ohio; East Rutherford, N. J. 
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Alberene Stone Table Tops Provide 
Natural Surface for Space Research 


Alberene Stone is the only per- 
manently satisfactory surface 
for the new metallurgical, 
solid fuel and nuclear research 
programs. It is a natural sili- 
cate stone. Its surface goes all 
the way thru — and gives full 
protection straight thru drilled 
holes. It has no surface glaze 
to chip, crack or peel. Doesn't 
spall or warp. It requires no 
surface treatment. 


Alberene Stone has a low 


absorbency rate of 0.15%. Its 
chemically-resistant, all-sili- 
cate mineral components make 
it practically nonstaining. 
Slight stains can be removed 
by scouring or honing without 
harm to the surface. It re- 
quires no maintenance. 

For full information and 
technical assistance address: 
Alberene Stone Corporation, 
419 Fourth Avenue, New York 
16, N. Y., Dept. J. 


provides LOW ABSORBENCY protection 
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Edttor's Garcket 


which gives a concise summary of the 
essentials in selecting nuclear equipment 
for sample counting. For a copy write: 
Technical Publications Dept., Tracerlab, 
Inc., 1601 Trapelo Road, Waltham 54, 


- Massachusetts. 


@ Atomic Energy of Canada Ltd., Com- 
mercial Products Division, P. O. Box 93, 
Ottawa, Canada, offers booklet—RP-1, 
Radioisotopes What They Are and How They 
Are Produced, and booklet—DK-2, Decay 
Tables of Radioactive Isotopes. 


@ Reintroduction into the United States 
and Canada of the well-known West Ger- 
man Haldenwanger lines of laboratory 
porcelainware is announced with issuance 
of a new 75-page catalogue. Published by 
Kern Laboratory Supply Co., 8639 Venice 
Blvd., Los Angeles 34, California. 


@ To add to the versatility of the 
Spectronic 20 Colorimeter-Spectropho- 
tometer, the Bausch & Lomb Optical 
Co., has made available the following 
seven analytical procedures for steel: 


1. Manganese in Plain Carbon and Low 
Alloy Steels (Periodate Method) 
2. Nickel by the Dimethylgloxime 


by the  Silicomolybdate 


4. Molybdenum by the Thiocyanate- 
Stannous Chloride Method 

5. Phosphorus by the Molybdenum-blue 
method 

6. Chromium and Manganese-Simul- 
taneous Determination in Steels 

7. Copper by the Alpha-Bensoinoxime 
Method 


For prices and additional data, write 
to the Bausch & Lomb Optical Co., 
Rochester 2, New York. 


@ Volume III, Hot Laboratory Operation 
and Equipment, of the Proceedings of the 
1957 Nuclear Engineering and Science 
Conference, is now available from ASME, 
29 West 39th St., New York 18, N. Y., 
$17.50. 


@ Office of Technical Services, U. 8. De- 
partment of Commerce, Washington 25, 
D. C., announces the availability of: 

PB 131359 Part 1—Determination of 
Fluorine and Silicon in: Organic Fluoro- 
Silicon Compounds. O. Schwarzkopf, lt. 
Heinlein, and N. E. Srp. June 1957. 25 
pages. $.75. 

PB 131088 Part 2—Determination of 
Fluorine, Boron and Silicon in Organic 
Fluoro-Silicon or Fluoro-Boro-Silicon 
Compounds. O. Schwarzkopf and lk. 
Heinlein. June 1957. $1.00. 

PB 121959 Investigation of Freezing as « 
Means of Obtaining Fresh Water from Sait 
Water, E. N. Kemler and others, January 
1955, 55 pages, $1.50. 

PB 121826 A Survey of the Literature 
Rhenium. C. T. Sims, E. N. Wyler, ©. 
B. Gaines, and D. M. Rosenbaum. B:'- 
telle Memorial Institute for Wright \\" 


(Continued on page A160) 
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The reason we ask is that a condenser 
represents a fair investment—two or 
three dollars even when you buy in 
quantity. So breakage grows expensive. 

We sell a lot of PyREX West Con- 
densers by pointing out a few features 
that make them last longer than the 
norm, even under the rough handling 
of students. 

Features like the extra glass at the 
points of tubulation; reinforcement 
where the jacket seals to the inner 


PYREX 
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tomorrow”? 


tube; and the heavier tubing we use 
for the jacket itself. Because the jacket 
is heavier, we can make the inner tube 
exceptionally thin to increase efficiency 
of heat transfer and condensation. 
You'll notice too, from the picture, 
that the drip tip is fire polished smooth 
to prevent chipping and snagging. 
So, for condensers that will work 
for you tomorrow and tomorrow, and 
tomorrow, insist on PYREx brand. 
271 other sizes and types of con- 


PYREX’® laboratory ware 


densers are listed in our New catalog, 
LG-1. There are 77 standard designs, 
191 custom made models, and 4 for 
microchemical work. 

To help your students understand 
glass better, send for a copy of This Is 
Glass, a sixty-four page booklet on 
how glass is made and where it’s used. 


CORNING GLASS WORKS 
¥ 76-4 Crystal St., Corning, N.Y. 


means research Class 


. . . the tested tool of modern research 
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of Superior Craftsmanship 
in 
DISTILLATION GLASSWARE 
Plus 


Economy and Service 


A Compact Fractionation Unit for 
distilling small quantities 
in a vacuum 


Distilling Head, Swing- 
ing Funnel Type. Re- 
flux ratio regulated on 
@ time basis. There- 
fore, independent of 
throughput except at 
small values. 


At Your Service 


In addition to Man- 

ufacturing stand- 

ard items, Ace specializes 

in Custom-fabricating Glassware 
to your specifications. 


6537 


Distilling Head with Au- 
tomatic reflux control. 


Distilling Head for va- 
riable reflux ratio. 
Constructed so that 
satisfactory operation 
can be maintained 
under any pressure 
condition. 


Above items, plus 

many others, are 

listed in Ace Catalog “50”. Ask Dep't 
DG- ¢ for free copy. 


ACE GLASS INCORPORATED 


VINELAND # NEW JERSEY 


Midwestern Division 
LOUISVILLE, KY.—Box 996 
Specialists to Tudustry aud Research 


ouT OF THE 
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Development Center, U. S. Air Force. 
June 1956. 236 pages. $4.50. 

PB 131076 Free Radicals as Fuels. 
K. Scheller, H. C. Thacker, Jr., and J. A. 
Bierlein, Wright Air Development Center, 
U. 8. Air Force.§ February 1957. 29 
pages. $.75. 

@ RSCo Price List 1356B is available now 
from Research Specialties Co., 2005 
Hopkins Street, Berkeley 7, California. 
It consolidates into one list all the chroma- 
tography equipment and accessory appar- 
atus in the RSCo Catalog 1356 and the 
RECO Catalog RE13. Changes in model 
numbers and discontinued items are 
indicated, as well as the current prices of 
all items. Copies will be sent on request. 


MISCELLANY 

% Examinations for “Student Trainee’ — 
(the college work study program for scien- 
tific and technical personnel) have been 
announced by the U. 8. Civil Service 
Commission. Applications and informa- 
tion can be obtained from the post offices 
in most large cities. 

Such a program offers students a chance 

to become acquainted with professional 
personnel and research equipment and 
problems in a wide variety of fields. 
% ‘“Non-sparking”’ hand tools are no more 
effective than those of steel in preventing 
accidental ignition of explosive of com- 
bustible atmospheres, according to a con- 
clusion of a Navy report just released for 
industry. use through the Office of Tech- 
nical Services, U. S. Department of Com- 
merce. 

The conclusion was reached during a 
survey of sparking chacteristics and safety 
hazards of metallic materials. It was 
found that sparks of impacts and subse- 
quent ignitions can result from use of low 
sparking materials such as copper. It was 
also shown that metallic sparks can be pro- 
duced by contact between a non-sparking 
and a sparking metal. 


% The country’s top business executives 
feel that America’s springboard to scien- 
tific world supremacy—the research and 
development report—a multibillion dollar 
a year “product’’ should present more 
meaningful conclusions, more stress on 
implications of results and more attention 
to dollar and marketing value of findings. 
Based upon results of a nationwide sur- 
vey of some 500 company presidents and 
executive vice presidents, representing a 
cross section of the country’s largest manu- 
facturing industries; only one out of seven 
respondents found research and develop- 
ment laboratory reports satisfactory. 
Copies of the apparatus makers’ survey 
findings on improved communications be- 
tween research laboratory personnel and 
top management are available without 
charge. Address: Research Reports, Scien- 
tific Apparatus Makers Association, 20 
No. Wacker Drive, Chicago 6, Illinois. 
% College-bound teenagers are urged “‘to 
take the toughest courses in your school’’ 
in a new booklet, What About College? 
issued by the Office of Admission at Lehigh 
University. 


PURE WATER. 
EQUIPMENT 


FOR 
THE LABORATORY 


STILLS 


Chemically-pure dis- 
tilled water, free from 
bacteria, organics, etc. 

. in whatever quan- 
tity your laboratory re- 
quires. 


precise 
amounts of distilled 
water from containers 
while filtering out con- 
tamination from air 
entering the chamber. 
Filter is replaceable 
and low in cost. 


LABORATORY 
STERILIZER 


Now in two models 
« Rolling Door, and 
Hinged Door type. Elec- 
trically and steam- 
heated models. 


BANTAM 
DEMINERALIZER 


Model BD-1 produces 5 to 8 
gph. Model BD-2 operates under 
pressure. Produces 5 to 25 gph 
of purest demineralized water. 
Connects to any tap. 


NEW LITERATURE 
Catalog on Water Stills 

© Bulletin #131 on Ventgard 

0 Bulletin #142 on Laboratory Sterilizer 

0 Bulletin #128 on Bantam Demineralizers 
© Bulletin #139 Tin-Lined Pipe, Fittings 

0 Catalog 127-A Water Demineralizers 


WBarnstead 


STILL & DEMINERALIZER CO. 


BOSTON NEW YORK CLEVELAND 
JAmaica — ACademy 
4-3100 8-1557 6-2266 


PHILADELPHIA LOS 
Ocust 


8-1796 10073 
CITY SAN FRANCISCO CHATTANOOGA 
6-5863 
65 Lanesville Terrace, Boston 31, Mass. 
FIRST IN PURE WATER SINCE 1878 


uiberry 
5-8180 
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MAJOR BREAKTHROUGH 


in instrumental technique... 


The Cathode Ray 


FOR DIRECT OR DERIVATIVE OPERATION 


SPEEDY DETERMINATION OF CON- 
CENTRATIONS UP TO 1000 TIMES 
LOWER THAN CONVENTIONAL 
TYPES OF POLAROGRAPHIC IN- 
STRUMENTS! 1 x 10° M ZnCl 


plus 


1 x 10° M 
Here is an entirely new approach he 


to the polarographic technique. 0.1 M KCl 
Suitable for research or routine operations, the 
simplified control, superior sensitivity and greater 
resolution of the Polarotrace will open new doors 
to chemical analysis. Its potentialities for scien- 
tific progress are immeasurable! 


RAPIDITY—The enitre polaro eee is reproduced on the screen once every 7 seconds, cutting analysis 


time to a fraction. 


SENSITIVITY—Currents as low as 2.0x10~* amperes full scale may be measured and the peaked nature Mixture of isomeric 
of the waves enables accurate determinations at concentrations of fractions of a nitro-terephthalic acids 
microgram per millilitre. 


GREATER RESOLUTION duc to formation of peaked polarograms. 
DERIVATIVE OPERATION is a built-in feature of the Polarotrace. 
DIRECT READING from scale climinates geometrical construction. 


EASE OF OPERATION—The wave is under virtually continuous operation due to the combined 
effects of the 7-second repetition, high reproducibility and tube after-glow. 


RUGGED DESIGN—The electronic circuitry is housed in a single heavy-duty cabinet, 23"x19"x32", 
and the component parts are easily accessible for maintenance. 


The Polarotrace is supplied complete with its Electrode Stand which includes a thermostatically-con- 
trolled tank, provision for simultaneous degassing of the three cells and easy means of raising or lowering 
the electrode in the solutions under test. 


Camera attachments are also available. 


Xeference: 


2. J. MacNulty, G. F. Reynolds, Our application laboratory is at your disposal to run test specimens. 
E. A. Ferry, ANALYST (1954), Detailed information and prices available upon request. Cat. No. 
72, 190 and 938 JC-83725. 


STAN DARD SCIENTIFIC Ray, 
APPARATUS 


| 
( 
( 
{ 
: 
RY 
ER 
and 
eam- 
] 
DIRECT 
| DERIVATIVE 
Fie 
GA 
378 
ON VOLUME 35, NO. 4, APRIL, 1958 


Fberbach 


POPULAR HOLLOW SPINDLE, HIGH 
TORQUE, VARIABLE SPEED 


Power-Stir makes your stirring jobs easier, gives you a 

wider range of operation and does the job better. With 

ANGULAR the new enue support rod you can use Power-Stir up to 
22 degrees from vertical in any direction. The Hollow 

SUPPORT ROD Spindle permits rapid adjustment of rod length up or down 
fo bat os, 28 0 engi thoes and makes for a better job of stirring. Because it elimi- 
nates rod whipping and wobble, it allows you to use glass 

22 degrees from vertical in any and plastic rods as well as metal. It’s the most popular 

: stirrer on the market, because you can do so much with it. 

Write for bulletin 270-H for full details. Priced at $32.50. 


HOLLOW SPINDLE 


permits adjustment of agitator 
working length by merely sliding 
Fherbach 
the chuck is loosened. 
CORPORATION 
P.O. Box 63 Ann Arbor, Michigan 


ALUMINA morrar oo 


IS DESIGNED CORRECTLY—CAREFULLY 
MADE OF THE FINEST MATERIALS TO GIVE 
OUTSTANDING SERVICE... 


The distinctive shape of the Coors Alumina Mortar and Pestle is 
made possible because of the extremely high mechanical strength 
of the 96% aluminum oxide. This unique shape allows the 
mortar to be more firmly and comfortably held. 


THE RUBBER RING INSERTED IN THE BASE PREVENTS 


AND ACCIDENTAL THE COORS No. 524 ALUMINA 
~ MORTAR uo PESTLE 


- possesses the hardness of sapphire 

and its tough,hard aluminum oxide 

> surface resists wear and consequent 
sample contamination. 


Coors PorcELAIN COMPANY 
GOLDEN, COLORADO 
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Elbowroom for a man of ideas 


By elbowroom, we mean room for men to grow: your 
students—to be specific—who are now thinking about their 
future careers. Naturally, they want to join a company 
that gives them a chance to develop and use their talents 
the fullest. 

Allied Chemical, for example, makes more than 3,000 
different products. New ones come along every year. 
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There’s room at Allied for growth—for chemists, chem- 
istry majors, engineers (chemical, mechanical, electrical). 
A new book, “Allied Chemical and Your Future,” tells 
where a man of ideas can find elbowroom. Why not write 
for a copy? You'll find it really helpful in answering 
student inquiries. Just write us at: 

Allied Chemical, Dept. 48-B,61 Broadway, New York 6,N.Y. 
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New Grinnell 


POTENTIOME TER 


only 
Lowest Price '$ 50! 
Top Quality 84 


Rugged self contained standard cell will take the rough 
handling of inexperienced students. 


7 


Toggle switch lets you check slide wire calibration in 
seconds without resetting slide wire—a convenience 
found only on highest priced models. 


Double range 0-1 and 1-2 volts gives far greater accuracy 
since each volt is measured on the entire slide wire. 


Direct reading on single dial to millivolts with estimation 
of fourth decimal place. 


USES 


Classroom Chemistry and Physics: 

pH measurement, potentiometric titrations, 
manual polarography, measuring standard 
Electrode potentials, calibrating voltmeters 
and ammeters, reading thermocouples, etc. 


No. 34500 Oclke Grinnell Potentiometer 


No. 34600 Galvanometer, 0.4 microamp per nim, 
for use with Potentiometer 


Order Direct — Write for Free Folder 
JC-4 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON CO. 


45325 W. DIVISION S$T., CHICAGO 51, ILLINOIS 


Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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HARVARD TRIP BALANCE 
Model No.1550-S 


Capacity...... 2 Kilogram 
Sensitivity........ 0.1 Gram 
TRIPLE BEAM BALANCE 
Model No. 750-S 
Capacity...... 2610 Gram 
seis. Sensitivity........ 0.1 Gram 
EVEN ARM 
SOLUTION BALANCE 
wae Model # 117 #115 
| Capacity 5Kg. _1 Kg. 
$43.65 Sensitivity 0.5Gm. 0.1Gm. 
list price HEAVY DUTY 
SOLUTION BALANCE 


Model No. 119-S 


Capacity.... 20 Kilogram 
Sensitivity.......... 1 Gram 


INDUSTRIAL BALANCE 
Model No. 1910 
MICROMETER POISE 


Capacity...... 5 Kilogram 
Sensitivity........ 0.5 Gram 


TRIPLE BEAM BALANCE 


CENT-O-GRAM 
Model C.G. 311 
list price Capacity........ 311 Gram 
Sensitivity...... 0.01 Gram 


SCALE. CORPORA TIO} 
«1050 COMMERCE AVE. 
UNION, NEW JERSEY 
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TAG CLOSED TESTER—AS.T.M. D56 


For flash point determinations of al! 
mobile fluids flashing below 175° F. 


* Temperature automatically increased 
1° F. per 30 seconds + three seconds 


* 150W., 110V., AC heater. 


Now—automatically 
increase temperatures 
at the specified rate 
to flash point 

with the new electric 
infinite control 


BOEKELT 


In closed and open cup models, tempera- 
tures are automatically increased at the 
specified rate by one setting of the dial of 
the new infinite control. Duration of heat 
application is determined by pointer set- 
ting. Stainless steel shell and housing—with 
cast aluminum base. Toggle on-off switch 
with pilot light indicator, 


PENSKY-MARTENS CLOSED TESTER-A.S.T.M. D93 


For flash point determinations of fuel oils, cut- 
back asphalts and other viscous materials. 


@ NEW INFINITE CONTROL automatically raises 
temperatures 9° to 11° F. per minute as 
specified. 

@ NEW COIL for accelerated cooling—per- 
forated tube around the iron casting has 
serrated connection to air line. 


@ NEW LOCKING DEVICE holds cover and cup 
together securely yet may be quickly released 
for safer use. 

@ NEW SHORT FLEXIBLE SHAFT on stirrer is 
positive and easily disconnected. 


©@ Temperature automatically increased 9° to 11° F. @ NEW HEATER—750W., 115V., AC. 
per minute. 


NG 


NO 


ALO 


CLEVELAND OPEN CUP FLASH TESTER—A.S.T.M. D92 
For determining flash points of oils, tars, residues, etc. 


© Heating unit easily reploced. ne one infinite control 
required. 

Tops for Pensky-Martens, Cleveland Open 

© 750W., 110V., AC heater. Cup and Tag Testers are interchangeable. 


DETACH PAGE BY CUTTING 


® Swing away thermometer when not in use. 


‘ Serving Science[Since 1868 


Specify BOEKEL to your dealer for 


LABORATORY APPARATUS AND ACCESSORIES WM. BOEKEL & CO., INC. 


it's best, when it's BOEKEL PHILADELPHIA 6, PA. 
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RELATIVE DENSITY OF GASES 


Submitted by: 
Checked by: 


PREPARATION 


A large battery jar or beaker is placed, open end up, in a pan of warm water. 
A few milliliters of carbon tetrachloride are added to the jar and after five minutes, 


the carbon tetrachloride is vaporized. 


DEMONSTRATION 


Blow a bubble from soapy water containing 2% glycerine and drop it into the jar 


filled with carbon tetrachloride. 
as a cork on water. 


REMARKS 


The bubble will float and bounce in same manner 


If air currents in the room interfere and dissipate the layer of carbon tetra- 
chloride, a watch glass or piece of filter paper may be used as a cover until the soap 
bubbles are introduced. Carbon dioxide may be used in place of carbon tetra- 


chloride in the jar. 


The jar may be easily filled with carbon dioxide from a fire 


extinguisher or by adding a few pieces of dry ice to the jar. 


CAUTION 


Carbon tetrachloride vapors are very toxic. 


Avoid inhaling vapors. 


DALTON’S LAW OF PARTIAL PRESSURES 


Submitted by: Richard E. Beitzel, Bemidji State Col- 
lege, Bemidji, Minnesota 
E. E. Garver, College of Wooster, 
Wooster, Ohio 
PREPARATION 3 
Assemble the illustrated apparatus using 500-ml. 
Erlenmeyer flasks, two-hole rubber stoppers, manom- 
eters, glass tees, pinch clamps, Bunsen burners, and 
necessary supporting equipment. 


DEMONSTRATION 

With the center flask closed, vent the end flasks and 
heat them for several minutes. Then close the flasks 
and allow the system to cool to room temperature. 
Read all manometers and record the pressures, Pi, P2, 
P;, in each flask. Direct the students to determine 
what pressure would result if the air in flask one were 
placed in flask two. This is done in accordance with 
Dalton’s law of partial pressures by adding the pres- 
sures one and two. Then equalize the pressures in the 
two flasks and record the resulting pressure. It should 
be 1/2(P; + Ps) because the volume of the gas is now 
twice the volume of flask two. Repeat the procedure 
with flasks two and three for further illustration. 


Checked by: 


Use only in a well ventilated area. 


Journal of Chemical Education - 


REMARKS 


If available, three-way stopcocks can replace the glass 
tees and pinch clamps at points a, b, c. Use of an 


aspirator to lower the pressure in flasks one and three 
Also the 
Volume of 


will hasten completion of the experiment. 
flasks must be roughly matched in volume. 
the connecting tubing is negligible. 


R. E. Dunbar, North Dakota State College, Fargo 
Lester Kieft, Bucknell University, Lewisburg, Pennsylvania 


April, 1968 
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18130. 
CONDENSER 


Sturdily constructed to 
withstand thermal and 
mechanical shock. 
Sealed-in inner tube 
has standard taper 
joint and drip tip at 
outlet. Adapter is 
tooled to provide se- 
cure fitting for a No. 3 
rubber stopper. 


Markings are durable 
and accurate, assured 
by 100% retesting. 


DISTILLING FLASK 

Made of KG-33 glass fo withstand 
severe thermal shock. Beaded fin- 
ish at top, heavy uniform walls and 
securely sealed side tube provide 
strength and durability for a long 
life. Available in 7 sizes. 


— 
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Made of KG-33 gloss 
to withstand thermal 
shock. Calibrated with 
durable markings and 
retested to insure ac- 
curacy. Ball-and-socket 
joints have smooth ground 
surfaces. 10 mi capacity. 


New Kimax laboratory apparatus, made from “hard” 
KG-33 glass, withstands changes in temperature that 
would spell instant death to ordinary glass. 


But thermal shock resistance is only part of the Kmmax 
Story. For in this new line, Kimble has incorporated all 
the qualities . . . accuracy, uniformity and good design ... 
that have established Kimble’s unequalled reputation. 
And now with Kmax, Kimble extends these characteristics 
to the medium-of hard glass. 


Kimble now provides the most complete line of 
laboratory glassware . . . this may be your best opportunity 
for quantity discounts. Call your dealer today. 


Kimble Glass Company is a subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE O WENS -ILLIN OIS 


AN @ PRODUCT GENERAL OFFICES + TOLEDO 1, OHIO 
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BUCHNER FUNNELS 
BERANGER 


NOW & ONE PAN BALANCE 


Molded 
of 
Polyethylene 


Unbreakable 


Sturdy 
two piece 
construction 


aa The IDEAL 
coarse weighing balance 
FOUR-SIZES BU-43 BU-55 BU-70 BU-90 


filter paper size, mm. wr Selection of capacities— 
6 kg, 10 kg, 15 kg, 14 Ibs, 31 Ibs. 
pate idary quantity 1.75 2.25 4.17 5.25 © Sensitivity—from 1 gram or 1/16 ounce. 
quantity in case 12 8 6 4 j 
through leadi ly houses or direct © Low in cost— 


ask for latest bulletin describing our complete line 
eens ene For complete information write for brochure 


BOX 38 FAR HILLS BRANCH DAYTON 19, OHIO 


CAHN ELECTROBALANCE 
; 4, WEIGHS SMALL SAMPLES EASIER, FASTER, ACCURATELY 


; Radical advance in micro-weighing instrumentation. Balance is so rugged . . . s0 
immune to its environment... you can forget about vibration, temperature, 
air currents, leveling. It’s portable . . . weighs less than 12 pounds... so it 
can be taken to desk, bench, or wherever needed 
The controls are simple, easily understood . . . read directly in micrograms. Anyone 
in your laboratory can be trusted to use it. Complete weighings average 
less than a minute. Range of sample weight 0-5, 0-10, 0-20, 0-50 mg. 
For additional information, request Bulletin A-3°’. 
No. 7270 Model 10—Complete with 3 batteries, 2 stirrups, 10 pans, tweezers, 
one calibrating weight for each range, and instruction manual. Each $615.00. 


5655 KINGSBURY 
ST, LOUIS 12, MO. 


DIVISION A. S. ALOE COMPANY 14 DIVISIONS 
COAST-TO-COAST 


JOURNAL OF CHEMICAL EDUCATION 


: 
| 
: 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
D 
| 
ee _ APPROACH TO MEASUREMENT OF MASS | 
| 
e¢loe scientific | 
| 
| 


ce 


a Miieed baa JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


O 
ENERGY (continued from March) 


C. LIGHT ENERGY (Continued) 


Photography (Continued) 

7-37s Development. Mix 100 ml. 0.01N AgNO; with 100 
ml. 0.01N NaCl, and before the AgCl settles out expose 
it to bright light, then add inorganic developer, Soln. A: 
metallic silver settles out immediately. 

7-388 Fixing. To 100 ml. 0.01N AgNO; + 100 ml. 0.01N 
NaCl quickly add 60 ml. N/3 Na,S.0;: at 20°C. clearing 
should take place within 3 seconds. 

7-39s Normal printing process. Take a piece of glass which 
just fits your printing frame; blacken half of the glass but 
leave letters spelling WHITE ON BLACK showing, and 
on the other half of the glass blue-black letters spelling. 
BLACK ON WHITE. Turn on amber lights only. 
Placing the gummed letters against Azo F2 paper, ex- 
pose 5 seconds to a 100-watt bulb 6 feet away. Develop 
in metol developer, Soln. B, for 3 minutes at 20°C., rinse 
in N/5 HOAc (acid short-stop), then fix in Soln. C for 5 
min. House lights may now be turned on. The paper 
negative of the glass negative will appear as a positive. 

7-40s Reversal process. Repeat Dem. 7-37s up through de- 
velopment, then wash in water, place in bleaching bath, 
Soln. D until all black Ag becomes white Ag,SO,, then 
rinse in water, place in stain remover, Soln. E to remove 
any MnO: stain, expose to bright light (exposure time 
not critical), develop, rinse, fix, and wash. A true posi- 
tive, a reversal of Dem. 7-37s, is obtained. 

Toning. Expose 4 sheets of Azo F2 paper to a 100-watt 
bulb for 5 seconds at a distance of 6 feet. Develop in 
Soln. B, fix in Soln. C, and wash: , black negatives are ob- 
tained. Cut each sheet into quarters, and for gold, blue, 
or red toning soak the prints for 1, 3, 6, or 10 minutes in 
Solns. F, G, or H. For the sepia, soak in Soln. I for 5 
minutes at 20°C., then without rinsing, immerse in 3N 
HCI for 15, 30, 45, and 60 min. at room temperature. 
7-42s Intensifying the silver deposit. (a) Preparation. By 
experimentation on 35 mm. positive film, ascertain what 
is the proper distance for a light source to give a negative 
of proper density after a 32 sec. exposure, then take ex- 
posures of 1, 2, 4, 8, 32, and 64 seconds as 1” strips on the 
7” strip. Some will be under, some over, exposed. Also 


7-44s Silver recovery from fixing bath. (a) Add 2g. NaS toa 


spent, greatly used, fixing bath: black Ag.S precipitates. 
(b) Add Zn to a spent fixing bath: Ag forms. (c) Pass 
d.c. through a spent fixing bath: Ag deposits on the 
cathode. 


7-45s Temperature of development. Expose Azo F2 paper for 


5 seconds 5 ft. from a 100-watt bulb. Develop strips in 
solutions at 10, 15, 20, 25, and 35°C. using (a) metol 
developer, Soln. B, or (6) glycine developer, Soln. O to 
which has been added 250 ml. HO + 20 ml. 1% KBr-aq. 
Use acid short-stop (N/5 HOAc), fix, and wash. Be sure 
to give all strips identical treatment excepting for tempera- 
ture of development. 


7-46s Catalytic effects in development. (a) Effect of pH. De- 


velop exposed strips of paper in non-buffered solution 
P, and in Soln. P to which 2, 4, or 8 ml. of conc. HCl have 
been added. (6) Inhibition by KBr. Develop exposed 
strips of paper in 100 ml. glycine developer, Soln. O to 
which has been added 100 ml. H,O + 1, 4, or 8 ml. of 2% 
KBr-aq. 

Photosensitizers. Work in complete darkness. (a) Ex- 
pose paper through a deep amber filter, develop and fix. 
(6) Swab paper with sensitizing solution Q, wash with 
distilled water, then 95% ethanol, dry rapidly; now treat 
as in (a). (c) Expose 3 stig of paper to only '/ oth the 
proper exposure; place in desiccators containing water, 
conc. H,S0,, and conc. NH,OH for half an hour, develop, 
rinse, and fix: the NH; has increased the speed of the 
paper. 


7-488 Other operations. (a) Retouching negatives. Treat 


negative with a thin oil to give it transparency, retouch 
with crayon, and use this negative in printing. (WALTERs, 
O. S., 7, 358 (1930).) 

(b) Metal box with built-in lens in which exposure is 
made on tin-type paper, developer and fixer poured into 
box, and a positive removed in 5 minutes. (GuRINSKY, 
D. H., 17, 432 (1940).) 

(c) Infra-red photography. Pictures of a hot-plate, a 
hand, eéc. in article, made possible by photosensitizing 
phosphors. (Eprrortau, 26, 443 (1949).) 

(d) See Mess, K, 7, 420, 882, and 1154 (1930) on photo- 
graphic processes; also Macuean, M. E., 14, 31 (1937) on 
toning photography. 


expose a strip for 8 seconds, and cut into quarters: this D. MECHANICAL ENERGY 

will be an underexposed strip. (b) Mercury intensification. 

Wet the underexposed strip in mercury bleach, Soln. J, Energy produced 

using gloves since HgCl, is very poisonous. Then wash 749s Some transformations. (a) Let electricity from a dry cell 


and place in developer Soln. B for 3 minutes. Reaction 
steps are Ag — AgHgCl. > Hg, the intensely black Hg 


run a motor (mechanical energy), light a lamp (light and 
heat energy), electrolyze water or salt-aq. (chemical 


TELY replacing the Ag. Save for experiment (d) below. (c) energy). (Stons, C. H., 4, 630 (1927).) 
Physical or silver intensification. Place two other under- (b) A “Rube-Goldberg”’ type apparatus, a working model 
exposed strips in Soln. K for 10 and for 20 min.: colloidal of Hero’s device for opening a temple door: heat from a 
uss « 80 silver forms and deposits on the Ag already present. (d) burning cord expands air in a tin can, which forces water 
rature, Proof of intensification. Now make a paper positive of all through a tube, which overcomes a counterweight, which 
oe 4 the negatives: the step wedge print will show how much opens doors in the model. Upon cooling the processes 
tit (b) and (c) intensified the negative. reverse. See article for details. Amusing, interesting. 
oes Reducing silver deposit. Expose 4 strips of positive film (Nicuoxson, D. G., 15, 394 (1938).) 
50 mg. as in Dem. 7-42s, half of each strip being for 16 seconds, Heat engines. See article for diagrams of a number of 
 A-39. the other half for 64 seconds. Develop, fix, wash. The small glass heat-engines where bubbles flow endlessly and 
ers room may now be lighted. Treat each strip in reducing wheels turn, by absorption of heat from the environment. 
315.00. solutions L, M, and N for 1-4 minutes; in N washing with (Hotes, F. E., and Snoppy, A. O., 8, 1166 (1931).) 
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2-5% sodium bisulfite to remove MnO, stain. In L the 
Ag forms silver ferrocyanide, which dissolves in NH,CNS; 
density of the negative is reduced and contrast increased. 
In M the Ag is oxidized to soluble AgeSO,; density is re- 
duced, contrast is decreased. In N density is reduced 
but contrast does not change. Confirm these facts by 
making paper prints of the reduced negatives, the wedge, 
and the untreated negative. 


Energy consumed 
7-51s Steel spring + acid. Dissolve a wound steel spring in 


acid. Where does the energy go? Answer: if 100 ergs 
work on winding spring, it will appear as 100/4.8 x 10° 
calories (denominator is the mechanical equivalent of 
heat); this is too little heat to be detected. (ALESHNICK, 
J., 17, 346 (1946).) 
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8s. EQUILIBRIUM. 


A. 


OXIDA- 
TION AND REDUCTION 


RATE OF REACTION 


Order of reaction 


8-1s 


Order simulated physically. (a) First order. (1) Meas- 
ure pressure change while evacuating air, O2, or CO, 
through a pinhole in a Pt foil mounted on a tube inside of a 
flask. (Corrin, C. C., 25, 167 (1948).) (2) Flow water 
from a 50 ml. buret through rubber tubing and a 6 cm. 
length of 2 mm. capillary tubing whose exit is at the 50 ml. 
mark; graph time in minutes versus the logarithm of 
height of water in the reservoir: a straight line, typical 
of a first order reaction is obtained. Draw analogy be- 
tween plots of 1/7 versus (a) viscosity and (b) log k, the 
velocity constant. Use two burets to indicate a series of 
consecutive reactions. (Lemicn, R., 31, 431 (1954).) 

(b) Second order. Simulate by measuring the pressure 
differential of two heads of gas flowing through capillary; 
second order is obtained. (Corrtn, C. C., 25, 167 (1948).) 
ALYEA: contrast (a-2) with (6). 

First order reaction: Inversion of sugar. Mix 5 ml. 
conc. H,SO, + 150 ml. water + 100 g. cane sugar; measure 
sp. gr. every hour with a Westphal balance: typical data, 
in article, shows change from 1.1970 to 1.2110 in 300 
minutes with k = 1/t log a/(a — x) = 0.0021. (Monrt- 
GoMERY, J. P., 8, 940 (1931).) 

Second order reaction. (a) Saponification. Mix equal 
volumes of 0.04M EtOAc + 0.04M NaOH-aq. in an icebox 
at near-zero temperature in a closed-conductivity cell 
(Leeds and Northrup 4903 type B Washburn cell); record 
resistance at 30 min. intervals for 8 hours, or 2-hour 
intervals for 36 hours: bimolecular rate constant, see 
article for plots of data. (Hurp, C. B., 9, 513 (1932).) 

(b) Silver oxide decomposition. Measure rate of Oz 
evolution from 0.15 g. AgO + 0.01 g. Ag at 300°C.: 
autocatalytic, with dz/dt = k(Ag)(Ag:O). (Hoop, G. C., 
Jr., and Murpny, G. W., 26, 169 (1949).) 

(c) Coupling. See article; a 6-hour student project. 
Diazotized sulfanilic acid is coupled with 1-naphthalamine 
4-sulfonic acid to form an amber-colored product, compared 
colorimetrically with standards: second order reaction. 
(Wistar, R., and Nexson, L., 21, 94 (1944).) 

(d) Hydrolysis. See article for details; a 3-hour student 
project. Tertiary butyl alcohol solutions of 1-menthyl- 
formate hydrolyze rapidly as a 2nd order reaction to an 
equilibrium position, measured by change in optical 
activity. (Smiru, R. N., Botiicsr, W. V., 27, 369 (1950).) 


Effects on rate of reaction 


8-45 


Of active mass. (a) Zn + acid. Tie four rubber balloons 
each containing 2 g. of No. 20 mesh granular Zn over 
mouths of 125 ml. bottles ctg. 50 ml. of 6, 3, 1.8, and 1 M 
HCl respectively. Simultaneously dump the Zn into the 
acid: the balloons fill in about 0.1, 1.5, 5, and 30 minutes 
respectively. (Murtcue.u, E. T., 18, 269 (1941).) 

(b) Acid + marble. Pour dil. HsSO,, HNO;, and HCl 

upon marble chips: initially all react rapidly, but the first 
one soon stops due to insoluble CaSO, covering the chips. 
(Strong, C. H., 21, 436 (1944) and 22, 337 (1945).) 
Of temperature. (a) NaNO, decomposition. Hold 10 g. 
NH,Cl + 10 g. NaNO. + 50 ml. HO in a 500 ml. flask 
alternately (1) over a burner and (2) in cold water: Nz: is 
evolved much faster in(1). (Baxsr, R. A., 2, 616 (1925), 
from Sch. Sci. Math., 25, 628 (1925).) 

(b) Sugar + H2SO,. Pour (DANGER) 50 ml. conc. 

H.SO, into 50 ml. saturated sucrose-aq. at (1) 15°C. and at 
(2) 25°C.: reaction is much faster in (2). (ARENSON, 
S. B., for Warner, J. C., 18, 168 (1941).) 
Of other factors. (a) Dielectric constant. Add 5 ml. 
acetone to two tubes to give the same color to 20 ml. of 
saturated Br2-aq. and 20 ml. of saturated Br. in CCh: 
the latter bleaches in 15 minutes, forming monobrom- 
acetone. (VAN Kuoostsr, H. 8., 7, 589 (1930).) 

(b) Simultaneously mix (1) 10 ml. 0.0001M tetrabromo- 
phenol-sulfonphthalein + 50 ml. of 3 N NaOH + 25 ml. 
95% EtOH. (2) The same, but substitute 50 ml. 3N 


NaOH for the NaOH + ethanol. Tube (1) fades in 12 
hours (ethanol, dielectric constant 67), but tube (2) fades 
in 30 minutes (dielectric constant 78.5). (Amis, E. S., 28, 
635 (1951).) 

(c) Salt effect(?). Soln. A: 2g. KIO; + 1000 ml. H,0. 

Soln. B: 0.4g. NaHSO; + 5 ml. 1M H.SO, + 2g. soluble 
starch (ALYEA: omitted by error in the article) + 1000 
ml. H:O. Soln. C: sat. NaCl-aq. Soln. D: water. 
Mix A:B:C:D in the amounts 10 + 10 + 0 + 20, and 
10 + 10 + 10 + 10, and 10 + 10 + 20+ 0: they turn 
blue in 140, in 60, and in 20 seconds respectively. See 
article for explanation of salt effect in terms of Coulombs 
law. (Amis, E. S., 28, 635 (1951).) BUT see reply claim- 
ing it is not a salt effect, but explainable in terms of 
Debye-Hiickel theory. Author found sulfates of Li, K 
Na increase time for reaction, but MgSO, passed through 
amaximum. Time is a function of the two shortest steps. 
K.uemM, L. H., 29, 318 (1952).) 
Of catalysts. (a) Methanol oxidation. (1) Mix methanol 
vapor from a water bath at 60°C. with O:; pass over 
heated Cu gauze: formaldehyde forms. Confirm by its 
odor, and by forming a silver mirror with hot ammoniacal 
silver nitrate-aq. (JoHNsON, L. D., 16, 238 (1939).) (2) 
Cover a 250 ml. beaker '/,-full of MeOH with a cardboard 
dise having six 2-cm. holes; through two holes pass a coil 
of No. 26 Pt wire 2 ems. long and 4 mm. dia., and adjust 
its height above the methanol, while stoppering some of the 
other holes with corks. When a concentration of 2 
methanol: 5 air is reached the coil glows and formalde- 
hyde forms. (ARENSON, S. B., for THrun, W. E., 17, 513 
(1940).) (3) Gently heat 2 g. MnO» in a Pyrex tube; 
remove burner. Thoroughly mix 10 ml. C.P. MeOH with 
15 ml. 3% H202; add this dropwise (CARE) from a pipette 
to the warm MnO: vigorous reaction, the MnO: glows, 
a sharp odor of formaldehyde from oxidation of the MeOH. 
(Jounson, L. D., 17, 234 (1940).) 

(b) Acetone oxidation. Lower a hot Cu foil or Cu-wire 
spiral over the surface of acetone in a beaker: the Cu 
glows; the odor of acetone is detected; acids are formed, 
as can be shown with litmus paper. (McCuttocn, L., 23, 
524 (1946).) 

(c) Industrial catalysis. See article for photographs of 

apparatus and details for industrial catalytic operations; 
suitable for a laboratory project, not a demonstration. 
(Komarewsky, V. I., 19, 563 (1942).) 
Of enzymes (organic catalysts). (a) Digestion of fibrin. 
(1) Prep. of fibrin. Whip fresh slaughter-house blood 
with a wire whisk: fibrin collects on the wire. Wash free 
of blood; soak 24 hours in twice its wet weight of 0.01% 
Congo red-aq.; add more water and heat at 80°C. 20 min- 
utes; collect the fibrin on cloth; wash thoroughly; squeeze 
dry. Store in equal parts water:glycerine + a trace of 
toluene to prevent mold. (2) Digestion of fibrin. Adda 
particle of fibrin to four tubes containing (a) 1 ml. dil. 
pepsin + 1 ml. 2N HCl, (b) 1 ml. pepsin + 1 ml. Na2CO;- 
aq., (c) 1 ml. HO + 1 ml. 2N HCl, (d) 1 ml. pepsin + 
1 ml. 2N HCl. Boil at once a few moments. Add a 
particle of fibrin to four other tubes containing (e) 1 ml. 
dil. trypsin + 1 ml. 2N HCl, (f) 1 ml. trypsin + 1 ml. 
NaeCO;-aq., (g) 1 ml. + 1 ml. Na2CO;-aq., (A) 1 ml. 
trypsin + 1 ml. Na,CO;. Boil a few minutes. Place all 
eight tubes (a-h) in water bath at 40°C. When a con- 
siderable amount of Congo red appears in trypsin tube (f) 
remove all tubes from the bath. Add acid to change the 
blue tubes to red, then compare all tubes colorimetrically. 
(3) Optimum pH for digestion. Digest fibrin with trypsin 
as above, but use solutions buffered from 7.4 to 9.2. 

(b) Clotting of milk. Add 1 ml. of pepsin-aq. or rennin- 
aq. to 5 ml. of milk at 40°C: clots rapidly. 

(c) Calcium in rennin cletting. Add 30 ml. N/5 ammo- 
nium oxalate to 100 ml. milk. Place 3 ml. of this decalcified 
milk in test tubes and add (1) 1 ml. 1N CaCl. (2) 1 ml. 
rennin-aq., (3) 1 ml. boiled rennin. Place at 40°C. for 10 
minutes. Now boil tube (2) to destroy the rennin. Add 
CaCl, to tubes (2) and (3). Found: tube (1) clots in the 
bath; tube (2) clots on adding Ca** since the casein in the 
milk has been hydrolyzed by rennin, but does not clot 
until Ca++ is added; tube (3) does not clot since the 
rennin was destroyed by boiling. 


(Topic 8s will be continued in May) 
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Analytical Filter Papers 
Quick Rebrence 


Vice 


FILTRATION CHART 


FILTER PAPER DATA FOR QUICK REFERENCE _ 


Valuable up-to-date SaS Quick Reference Catalog ; 
gives filter paper data at a glance. Eight color pages. 
Sections on filter paper: Ash Free (less than 
0.007% ash); Qualitative; Hardened and 
High Wet Strength; Folded; Miscellaneous and Filtration 
Specialties. Description of each paper, uses, 
circle diameters, sheet sizes. INCLUDES HANDY 
S&S FILTRATION CHART showing retention values. 


Send for your SaS Quick Reference Catalog now 
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Carl Schleicher & Schuell Co. 
Keene, New Hampshire . Dept. JC-48 


(Name) (Position ) 


(Company ) 


(Address) 


(City) (State) 
(0 Also send S&S Analytical Filter Paper Sampler 


tor use in Chemical Analysis { 
Extra rapid. High wet strength. Thin. For use in the Sliation of the 
Didmeter, em. 5% " 12% 1s 1% 3 
filtering. Intended for rapid filtration of coarse and gelatinous 
al in the lahoratorien of the metallurgical industries where apecd ef 
0. extremely low ash content of the paper are ctsential. 4 
~ Diameter, cm. 5% " 12% 1s 18% 
CARL SCHLEICHER SCHUELL Co. 
Specify ANALYTICAL FILTER PAPERS 
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QUICK - CONVENIENT - NEAT 


WOT-WIRE GLASS-TUBING CUTTER 


Produces Clean, Straight Breaks 


Cuts Hard or Soft Glass 
with equal facility 


up to 3 Inches in Diameter 


@ Adjustable heating current 
@ Step by step instructions on top 


@ Wire is readily replaceable, 
extra wires include 


Place scratched 
line on wire 
Turn on current 


Scratch tube 
with wheel 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other 
hard-glass tubes can be cut with equal case. 

The article is first encircled with a scratch made 
by a cutter wheel conveniently mounted on the side 
of the transformer, the scratch is heated by contact 
with the hot wire, and then cooled quickly by 
applying water or by blowing on it. No other 
equipment is required. 

The cutting wire is supported on two insulated 


Allow drop of , 


Result: A clean 
break 


water to fall 
on line 


posts and is heated by current from a 12-volt 
transformer serving as the base. No. 24 (B & S 
auge) nichrome wire is used and is easily replaced. 
hree extra wires are included. By means of an 
adjustment on the transformer, the current can be 
controlled to give the optimum heat for whatever 
type glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 

are 6 x 41% x 9 inches high. 
No. 5210. Each, $29.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Inst and Laboratory Apparat 
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PUBLICATIONS 


A new and unusually clear discussion of the elementary concepts 


and descriptive material of general chemistry, and a systematic presentation 


of the modern principles of Organic and Physical Chemistry 


CHEMISTRY 


by JAMES V. QUAGLIANO, 
University of Notre Dame 


HERE Is A TEXT THAT IS SINGULARLY 
successful in communicating the 
conceptual and descriptive aspects 
of chemistry to beginners. Assum- 
ing no previous knowledge, it treats 
both aspects together, building con- 
cepts gradually in increasingly de- 
tailed discussions through the me- 
dium of explicit language, revealing 
examples, and informative diagrams. 
And it enhances conceptual under- 
standing by a consistent arrange- 
ment of materials: emphasizing 
that theory follows experimentation 
and not vice versa. 


Outstanding Features: 


@ Introduction of the concepts of . 


equilibrium, oxidation potentials 
and structure at an elementary 
level 


® Carefully developed illustrative 
examples are an integral part of 
the text and selected lists of graded 
problems follow each chapter 


@ Clear and explicit treatment of 
such modern aspects as the Period- 
ic System and Atomic Structure 
and the Electronic Theory of 
Chemical Bonding 


® Discussions of the sizes and shapes 
of Ions and Molecules, and Com- 
plex Ions, not usually treated at 
this level 


The materials are thoroughly un- 
derstandable, accurate, and up-to- 
date. Throughout, there is an evi- 
dent personal interest in the student 
who will use the text. 
Approx. 650 pp. °* Pub. 1958 
Text price: to be announced 


ESSENTIAL PRINCIPLES 
OF ORGANIC CHEMISTRY 


by JAMES CASON, 
University of California 


EssENTIAL PRINCIPLES OF ORGANIC 
Chemistry is organized around the 
systematic presentation of modern 
principles of Organic Chemistry. 
Its sequence has been planned for 
easy comprehensicn by beginning 
students. 


New aspects of theory are presented 
only after new facts, which are in 
need of explanation and correlation, 
have been introduced. This lends 
more reality to the usefulness of 
the theory than is the case when 
theoretical concepts are presented 
first and the facts in the case are 
given later. 


Professor Cason 
keeps his em- 
phasis throughout 
the text on a 
thorough under- 
standing of organic 
synthesis, the most 
important objective 
of Organic Chemis- 
try. Numerous 
problems are devoted 
to multi-step syntheses. 


Following each chap- 

ter are well chosen ex- 

ercises, problems, and 

literature references to 

aid the student in un- 

derstanding the prac- 

tical application of theoretical ma- 
terial. Many of the problems are 
devoted to multi-step synthesis to 
provide the student with a thorough 
foundation in organic synthesis. 


544 pp. * Pub. 1956 © Text price $7.00 


PHYSICAL CHEMISTRY, 2nd. Ed. 


by WALTER J. MOORE, 
Indiana University 


Dr. Moore’s TEXT THROUGHOUT, 
stresses clarity of treatment: here 
is no confusing welter of facts, 
figures and formulas likely to make 
physical chemistry ‘“‘not only ab- 
struse but permanently mysterious”’ 
to the average student. 


Designed as a basic text for full 
year (or three semester) course in 
Physical Chemistry or Advanced 
Physical Chemistry, the book is a 
thoroughly modern treatment of 
the subject—a text that shows 
clearly and precisely what has been 
accomplished in this field, and in- 
dicates the main line of present ad- 
vance. 

Especially noteworthy is 
the increased amount of 
carefully graded problem 
material, and the inclusion 
of significant illustrative 
examples where helpful 
and desirable. 
633 pp. Pub. 1955 
Text Price $7.50 


Send for FREE 
copy of Chemistry 
& Physics 
Textbook Catalog 


Please send me a free copy of your latest 
Chemistry & Physics textbook catalog. 


To receive approval copies promptly, write Box 903 


PRENTICE-HALL, Inc. 
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Leaders in Chemistry 
from 
American Book Company 


The Fundamentals of College Chemistry 


Second Edition 1954 


G. Brooks King, The State College of Weskiogten 

William E. Caldwell, Oregon State College 

“The order of presentation and the choice of words, dia- 
grams, and illustrations are sensible and teachable.” 


H. H. Rowley, University of Oklahoma 


Laboratory Experiments in 
General Chemistry 


1956 
King and Caldwell 


“An excellent, workable manual."” H. C. Reitz, Purdue 
University 


A Brief Course in 


Semimicro Qualitative Analysis 


1953 
Caldwell and King 


“Good coverage of material. Excellent arrangement.” 


Burrell L. Wood, Jr., Furman University 


Organic Chemistry 
Second Edition 1953 
Howard J. Lucas, California Institute of Technology 


“The book is clear and logical. A fine presentation that 
teaches rather than ‘spoon-feeds.’’’ Lewis A. Fletcher, 
Brenau College 


55 Fifth Avenve, New York 3, New York 
American Book Company 


from years of thoughtful consideration of « 
very great volume of material, but also « 
keen appreciation of the latest develop- 
ments. The book can be commende: 
aside from any other value purely as « 
compendium of tightly-packed and well- 
organized facts. 

It is unfortunate, however, that the 
book has faults which are almost equally 
outstanding. Burnet states at the outset 
that it is designed not for popular con- 
sumption but frankly for specialists, to aid 
‘dn stimulating workers in one or other of 
four very different fields to appreciate how 
developments in all four are converging 
toward a common point of view.’’ It 
seems to the reviewer that this rather 
patronizing statement on the first page of 
the preface indeed sets the pattern of the 
entire book, though perhaps not as in- 
tended by the author. Certainly the 
modern workers in the fields of antibody 
production, induced enzyme synthesis, 
virus reproduction, and carcinogenesis are 
acutely aware of the convergence, as in- 
dicated by many symposia and reviews. 
The implication that Burnet possesses a 
unique prescience is not untypical of those 
aspects of the book which can hardly fail to 
annoy anyone with an adequate back- 
ground in any of the areas mentioned. 

Moreover, Burnet makes it quite patent 
that his approach is first, last, and always 
biological. While he is well aware of and 
presents in detail certain contributions of 
physics and chemistry, he seldom loses an 
opportunity to state his belief that these 
sciences have little to offer in the final 
analysis. ‘The biochemists now so dom- 
inate the picture in biology that it may 
seem foolhardy and churlish to depreciate 
the success that has been obtained in 
dealing with very many aspects of the 
chemistry of living substance. But in a 
sense all these successes have been at a sup- 
erficial level. The elucidation of the pro- 
cess by which glucose is oxidized has been a 
masterpiece of experiment and logic, but 
leaves us in deep ignorance of the struc- 
tural basis and the functional coordination 
of the processes that have been un- 
covered. ..’’ (p. 162). Few biochemists 
would deny that they are only beginning to 
be ready to coordinate and organize the 
results of their work, but even fewer would 
fail to agree that Burnet is exactly ‘‘fool- 
hardy and churlish to depreciate’’ work 
which is dynamically progressing with 
great success in precisely the area in which 
he chooses to believe they are blind— 
namely the area of the synthesis of pro- 
teins and nucleic acids of specific function. 

“Enzyme, Antigen, and Virus’’ also 
abounds in well-known generalizations 
slightly warmed over and attributed to 
Burnet. Again and again the author 
seems principally devoted to the demon- 
stration that little has been added to ideas 
which he presented years ago. One e- 
peatedly finds dogmatic conclusions pre- 
sented as accepted fact despite and com- 
pletely without acknowledgment of strong 
contrary facts and conclusions. An :il- 
cillary specialty of the book is the coining 
of new terms and abbreviations. ot 
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Advance Monthly—Tables of Contents—in English 


of all the Soviet Journals now being translated 


An Express Translation Service—Anticipate your translation needs 
Avoid duplication of research for only $25.00 per year 


12 issues, on annual subscription 


Each month Consultants Bureau will publish English translations 
of Tables of Contents of issues of Soviet journals published in the 
Soviet Union two months previously. These will be mailed to 
subscribers in a convenient, attractive booklet immediately on 
publication. 


This booklet will include Tables of Contents of all Soviet journals 
being translated and published on a regular basis by Consultants 
Bureau, by other firms, by learned societies, etc.; i.e., all Soviet 
journals being translated into English on a continuing basis. As new 
journal translations are begun, their Tables of Contents will be 
included. See right-hand column for journals which will be 
included from the very beginning of this service. 


For your convenience in anticipating translation needs, each 
Table of Contents will cite: The estimated date of publication of that 
issue in English (when this information is available from the pub- 
lisher); the name and address of the organization from which 
the translation may be obtained; the yearly subscription price; 
and the price of individual issues, or papers (when these are sold 
separately). 


The first issue of EXPRESS CONTENTS will be published in 
May 1958 and will include all January and February material 
received by Consultants Bureau by March 30, 1958. The June 
issue will contain March-April material; the July issue May 
material, etc. As a means of bringing you up-to-date on the 
vast amount of significant material recently published in the 
Soviet Union, we also make this offer: Tables of Contents 
of all the 1957 issues of these same journals, in one volume, to be pub- 
lished in June 1958. Each Table of Contents in this volume will 
carry the same information described above; many issues will 
already have been published in translation and will be so marked. 
This important volume is only $15.00. 
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100-500 Copies 15.00 “ 
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and free of charge 

Your own special organizational cover. 
Write for details and sample. 


1 Volume: 1957 CONTENTS 


SPECIAL INTRODUCTORY OFFER: 


One copy of the first issue (May 1958: 
January-February 1958 Contents) of 
EXPRESS CONTENTS, only $6.00. 
This purchase price will be credited 
against the price of subscriptions 
received by June 30, 1958. 


$15.00 


Write to Dept. CE for free Express Contents Brochure, and fully descriptive catalogs of our current Russian 
translation-publishing program, including journals, monographs, symposia, conferences, dictionaries, etc. 
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“Yor Scientists Everywhere” 


STANTON 


Thermo-Recording Balance 


A superior laboratory balance that heats, weighs 
and records simultaneously. 

‘*Heat-to-constant-weight” is accomplished 
easily in research or for process control. 


WEAR-RESISTANT 
KNIVES 


STANTON Thermo-Recording Balance, 
Model TR-1 Electric weight loading, twin electronic 
recorder and standard furnace with simple program 
control. A cam, which can be modified, provides 
uniform rate of heating. Sensitivity 1 mg. 
Burrell Cat. No. 2-569-41 $4,550. 
Price listed is F.0.B. Pittsburgh, Pa. 
Other models are available for thermo-recording 
or recording only with sensitivities of 1 mg. or 0.1 mg. 


Ask for Bulletin No. 329 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Recent Sooke 


only do these often present little concep- 
tual advantage, but the book becomes i: 
places as cryptic as Chemical Abstracts but 
with the added difficulty that many of th: 
abbreviations are completely parochial! 
From the purely mechanical side, a glos 
sary would be an immense improvement, a. 
would an index. 

Burnet points out, as have many scier- 
tific writers, that we may need a ne\ 
‘Janguage’’ or new unifying concepts to ex- 
plain the apparently unmanageable com- 
plexities of biology. Yet his qualitative 
biological approach leads repeatedly in the 
book to exactly those deceptively simple 
models which are in actuality only slight 
restatements of obvious generalities. The 
problems of information transfer and seli- 
duplication bogged down on such concepts 
for some five decades prior to the Watson- 
Crick model for DNA. 

In summary, Burnet’s book is an ex- 
cellent presentation of important facts and 
a most commendable attempt to correlate 
several fields of biology which obviously 
must be concerned with the same under- 
lying properties and reactions. Unfor- 
tunately the author’s prejudices occasion- 
ally strain the facts and conclusions. The 
book is very interesting reading and posi- 
tively fulminates with ideas of unques- 
tioned value. Which are valid and heu- 
ristically useful will remain to be seen. 


DEAN FRASER 


InpIANA UNIVERSITY 
BioomineTon, INDIANA 


CHEMISTRY OF PLANTS 


Erston V. Miller, Professor of Botany, 
University of Pittsburgh. Reinhold Pub- 
lishing Corp., New York, 1957. vii + 
174 pp. 13 tables. 16 X 23.5 cm. 
$4.75. 


Proressor Miller’s book on the ‘‘Chem- 
istry of Plants’’ will be interesting to those 
who are looking for information on the 
occurrence of organic compounds in plants. 
He has collected in this small volume in- 
formation on the occurrence of a large 
number of organic compounds in a great 
variety of plants. From the point of view 
of chemistry, however, the book is a dis- 
appointment. The book reflects the au- 
thor’s attitude stated in the preface, that 
the ‘‘writer of a text book is a mere com- 
piler.’’ A perusal of it reveals that here is 
primarily a compilation of a large number 
of chemicals which occur in nature. The 
points at which interesting discussions of 
plant chemistry could be taken up are low 
points. For example, a whole page is 
utilized for the formula chlorophyll, but 
the discussion of photosyntheses utilizes 
only three times this space. The interest- 
ing work on the biosynthesis of steroi:'s 
and amino acids is given the most supc’- 
ficial treatment. The chemistry of pro- 
teins and nitrogen compounds, for ¢x- 
ample, is covered in 13 pages. 

Possibly the best chapter in the book is 
that on plant hormones. Even here t!¢ 
treatment is superficial, For examp':, 
the ‘‘chemistry’’ and occurrence of kinetn 
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SAUNDERS BOOKS 


Noller—TEXTBOOK OF 
ORGANIC COMPOUNDS 


This text presents basic organic chemistry in rich, 
concise detail—ideal for students majoring in chem- 
istry or in allied sciences. The generous amount of 
material gives you greater opportunity to adapt the 
text to your course needs. Compounds are discussed 
in the light of the theory of gross structures. Dr. 
Noller’s correlation of physical and chemical proper- 
ties with structure is extremely clear. By using 
theories to explain facts he helps to eliminate the 
common student complaint that the elementary 
course in organic chemistry is merely ‘‘*memory 
work.”’ Clear illustrations and diagrams add student 
interest. Review questions follow each chapter. 


For the Second Edition more advanced discussions are 
included on organic reactions, integrating these 
mechanisms from the very beginning of the book, thus 
enabling processes such as cracking and isomerization 
of alkanes to be explained earlier in the course. An 
entire chapter is devoted to the absorption of electro- 
magnetic radiation. Other topics include: use of 
dinitropheny] fluoride for determining the structure 
of insulin—the anhydro sugars—behavior of small 
ring compounds—new commercial processes and 
products. 


By CARL R. NOLLER, Professor of Chemistry, Stanford 977 Pages, x94”, 
with 105 illustrations. $9.00. Second Edstion! 


New 2nd Edition! Noller— 


TEXTBOOK OF 
ORGANIC CHEMISTRY 


This careful abridgment of the longer text—described 
in the left-hand column—brings your students a logi- 
cal presentation, maintaining an excellent balance 
between theoretical and practical organic chemistry. 
The author omits only certain compounds and other 
material considered unnecessary for the regular basic 
course. He has condensed the text in a manner that 
leaves no break in logic or teaching continuity. 


For this New (2nd) Edition the text has been com- 
pletely revised to include the marked advances that 
have been made in many aspects of the subject. Dis- 
cussions of the structures of starch and insulin and of 
mechanisms of aromatic substitution are but two of 
the many topics thoroughly revised. Material previ- 
ously covered in a separate chapter on mechanisms of 
organic reactions is now distributed throughout 
earlier chapters. New topics have been added on: 
inclusion compounds—oxidation mechanisms— 
ferrocene—tropolones—oxytocin—epoxy and polyester 
resins—carbodiimides—boron and aluminum com- 


d Idosterone—! terol—tranquilizer drugs. 


R. NOLLER, Professor of Chemistry, Stanford University. About 625 
x 94”, illustrated. New (2nd) Edition—Just Ready 


Cantarow and Schepartz— 


TEXTBOOK OF 
BIOCHEMISTRY 


This text emphasizes the integration of biochemical 
processes and the mechanisms involved in the regula- 
tion and coordination of various aspects of metabo- 
lism. In this way the student will be able to properly 
correlate biochemistry with physiology—both normal 
and pathologic. Abnormalities are included only 
where they help explain the normal. 


For this Second Edition the Haworth formulations 
have been introduced into the discussions of the 
chemistry of carbohydrates. The discussion of the 
metabolism of individual amino acids has been abbre- 
viated and simplified by the substitution of schematic 
illustrations for much of the former text. There are 
new data on: adrenocortical, thyroid and hypo- 
thalamic hormones—structures of insulin, vasopres- 
sin and oxytocin—metabolic and nutritional signifi- 
eance of trace elements—neurochemistry—lipopro- 
teins—synthesis of sterols—metabolism of pentoses, 
purines, pyrimidines, nucleic acids, porphyrins and 
bile pigments. 

By ABRAHAM CANTAROW, M_D., Professor of Biochemistry, Col- 


lege; and BERNARD SCHEPARTZ, Ph. D., Assistant Professor of 
Medical College. 867 pages, 6” x 914”, with 150 illustrations. $12.00. id Edition. 


Brooks—BASIC FACTS OF 
GENERAL CHEMISTRY 


Ideal for any short course in general chemistry, this 
book covers the facts simply yet scientifically, enabling 
students to understand the material without extra 
explanation. To make the course more meaningful 
and tie it in with the student’s other subjects many 
important egutcations are made to the biological 
sciences. 


In 12 chapters this concise work completely covers 
general chemistry. Chapters 1 through 5 present the 
essential concepts and mechanics of inorganic chem- 
istry—covering structure and behavior of matter, the 
molecule, formula, reaction and equations, etc. 
Chapters 6 and 7 apply the facts of the foregoing 
chapters to important elements and their com- 
pounds. Chapter 8 demonstrates the value of arith- 
metic in dealing with chemical problems. The next 
two chapters cover the principles and applications of 
colloidal chemistry and the cardinal facts of organic 
chemistry. Chapter 11] is a synopsis of the chief bio- 
chemical reactions in physiology and the last chapter 
discusses the present status of nuclear chemistry. 
Helpful appendices provide: a table of Elements, 
common names of important chemicals, general rules 
of solubility. 


> STEWART M. BROOKS, Ph.G., B.S., M.S., Science Instructor, Lasell Junior College, 
le, Massachusetts. 345 pages, 534” x8”, illustrated. $4.75. 


GLADLY SENT TO TEACHERS FOR CONSIDERATION AS TEXTS 
W. B. SAUNDERS COMPANY 


West Washington Square 
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FREEMAN BOOKS 


TEXTS 
ARE USED 
IN 209 
SCHOOLS 
IN 
1957-58 


THESE 
MANUALS 
ARE 

USED 

IN 

331 
SCHOOLS 
IN 
1957-58 


GENERAL CHEMISTRY TEXTS 


COLLEGE CHEMISTRY—for nonmajors 


by Linus Pauling, California Institute of Technology 
697 pp., 202 illus., 32 tables, Second Edition 1955, $6.50 
Illustrations by Roger Hayward 


GENERAL CHEMISTRY—for majors 


by Linus Pauling, California Institute of Technology 
722 pp., 193 illus., 33 tables, Second Edition 1953, $6.50 
Illustrations by Roger Hayward 


Professor Pauling describes the approach of these texts: “‘The progress 
made in recent decades in the development of unifying theoretical concepts 
has been so great that the presentation of general chemistry to the students 
of the present generation can be made in a more simple, straightforward, 
and logical way than formerly.” 


GENERAL CHEMISTRY MANUALS 


College Chemistry in the Laboratory 
No. 1 and No. 2 


by Lloyd E. Malm, University of Utah 
and Harper W. Frantz, Pasadena City College 


No. 1, 368 pp., 93 illus., 1950, $3.90; No. 2, 368 pp., 102 illus., 1954, $3.30 
Illustrations by Roger Hayward 


Usable alternately, these manuals are keyed to COLLEGE CHEMISTRY, 
but are widely used with other modern texts. 


A Laboratory Study of Chemical Principles 


by Harper W. Frantz, Pasadena City College 
296 pp., 90 illus., Second Edition 1956, $2.75 
Illustrations by Roger Hayward 


This manual assumes one and a half to two years of high school algebra 
and of physical science courses, and includes enough experimental work for @ 
full semester of qualitative analysis, if this is desired. 


Students, ideally, discover principles for themselves. Through a carefu! 
organization, the authors of these manuals have exposed the students to « 
“first-hand contact with the known principles, a contact that requires then 
to make calculations and other applications based on the principles.” In other 
words, these manuals are not “‘cookbooks.”’ 
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CHEMISTRY 


QUANTITATIVE CHEMISTRY TEXTS 


INTRODUCTORY QUANTITATIVE 
CHEMISTRY 


by Axel R. Olsen, late of the University of California, Berkeley : 
Charles W. Koch, University of California, Berkeley THESE 
George C. Pimentel, University of California, Berkeley 


480 pp., 69 illus., 1956, $5.00 TEXTS 


The authors make a conscious attempt to awaken the student’s interest in 

the design of a quantitative procedure, and to get him to recognize the signifi- ARE 
cance of the laboratory operations in terms of the relevant chemical princi- 

ples. Modern techniques are included, such as ion exchange, colorimetric USED 
methods, carrier precipitation, complex formation titrations, and electrolysis. 

The student is given more and more responsibility in the design of the ex- 

periment until, at the end of the book, he is working out every phase and IN 119 


detail of it. 
INTRODUCTORY QUANTITATIVE SCHOOLS 
IN 


ANALYSIS 
1957-58 


by Axel R. Olsen, late of the University of California, Berkeley 
Edwin F. Orlemann, University of California, Berkeley 
Charles W. Koch, University of California, Berkeley 


308 pp., 45 illus., 1948, $3.25 
An excellent and concise treatment of the subject for the one-semester 


course. Fundamental principles are emphasized. Line drawings aid in clarify- 
ing techniques. 


NEW BOOKS IN 1958 


CHEMICAL THERMODYNAMICS, A Course of Study 
by Frederick T. Wall, University of Illinois. Illustrated by Evan Gillespie. 448 pp., $8.00 


From a reader’s report: “I think Dr. Wall’s manuscript is admirably fitted, in scope and 
treatment, to the needs of good seniors and first-year graduates. His portrayal of classical 
thermodynamics and his introduction to statistical mechanics are, on the whole, clear, logical 
and convincing. His style is enjoyable.” 


READY FOR FALL CLASSES 


GENERAL CHEMISTRY WORKBOOK, How to Solve 
Problems, Second Edition 


by Conway Pierce, University of California, Riverside, and R. Nelson Smith, Pomona College 

e The second edition of the WORKBOOK has over 1,000 drill problems of every kind. Half 
are with answers and half are without. (Answer books for the second half are avail- 
able for teachers.) 

e An abundance of illustrative problems with ‘step-wise’ solutions based on reason and 
logic. (The ‘ proportion method’ is not used.) 

¢ Five chapters of invaluable aids for students with inadequate high school preparation. 
113 schools use the first edition of the WORKBOOK this year. 


W. H. FREEMAN AND COMPANY, 660 Market St., San Francisco 4, California 
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authoritative, modern 
leals in chemistry 


INTRODUCTION TO QUALITATIVE ANALYSIS 
Thorfin R. Hogness and Warren C. Johnson 
1957, 384 pages, $3.95 
QUALITATIVE ANALYSIS AND CHEMICAL 
EQUILIBRIUM, Fourth Edition 
Thorfin R. Hogness and Warren C. Johnson 
1954, 621 pages, $5.50 
INORGANIC REACTIONS AND STRUCTURE 
E. S. Gould 
1955, 470 pages, $7.25 
COLLEGE CHEMISTRY 
A. J. Scarlett 
1956, 499 pages, $6.00 
GENERAL CHEMISTRY, Revised Edition 
P. W. Selwood 
1954, 657 pages, $6.75 
ORGANIC CHEMISTRY 
L. H. Amundsen 
1954, 357 pages, $5.50 
GENERAL COLLEGE CHEMISTRY, Fifth Edition 


Andrew Scarlett and Jose Gomez-lbanez 
1954, 645 pages, $6.95 


L Henry Holt and Company, Neu York 17, N.Y. 


The Mathes 
Compressed Gases and Regulators 


For metals separation; removal of metallic impurities; 
preparation of metallic sulfides; 

analytical laboratories; reaction with 

numerous functional organic compounds 


Matheson H.S 


Compressed, liquified hydrogen sulfide 
in 5 convenient, ready-to-use cylinder sizes. 
Minimum Purity: Purified 99.5% ; Technical 98.5% 


Simplify your gas usage problems with safe, easy-to-use 
Matheson compressed gases. 76 gases plus custom 
mixtures. Flow and pressure controls individually tailored 
for each gas and your needs. Our Engineering 
Department will be glad to recommend compressed gas 
systems to suit your requirements. 


See Our Exhibit at the Pacific Chemical Exposition 


Company, Inc. 


East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


Recent Sooke 


is covered in six sentences. Unfortunately 
the book occurred too early to include 
much of interest on the gibberellins. 

The book seems to be relatively free 
from typographical mistakes, but on page 
32 glycerol is referred to as triatomic alco- 
hol, and on page 67 James Bonner is re- 
ferred to as Charles Bonner. 


CORWIN HANSCH 


Pomona COLLEGE 
CLAREMONT, CALIFORNIA 


A HISTORY OF LUMINESCENCE 


E. Newton Harvey, Henry Fairfield 
Osborn Professor of Biology, Princeton 
University. The American Philosophical 
Society, Philadelphia, Pennsylvania, 1957. 
xxiii + 692 pp. 50 figs. 16 X 23.5 
cm. $6. 


“LUMINESCENCE”? as defined by E. 
Wiedemann in 1888, includes “all those 
phenomena of light which are not solely 
conditioned by the rise in temperature.’ 
It thus is the antithesis of incandescence or 
“hot light.’”’ The great variety of ‘‘cold 
light’’ is indicated by the terms: phos- 
phorescence, electroluminescence, fluo- 
rescence, triboluminescence, thermo- 
luminescence, radioluminescence, piezo- 
luminescence, crystalloluminescence, lyo- 
luminescence, etc. The great field of 
bioluminescence belongs under chemi- 
luminescence, and in view of the author’s 
professional field it is not surprising that an 
entire section (140 pages) is devoted to the 
light given off by living organisms. Most 
types of luminescence were first observed 
centuries ago and the mysterious quality 
of this light naturally led to speculation 
regarding its origin. The literature is 
immense, and was issued in many lan- 
guages. The author takes the reader on a 
detailed and well-planned tour through 
this mass of books and papers. In many 
cases, extracts are given so that the flavor 
of the contemporary language is pre- 
served. The relation of luminescence to 
fire, heat, and ordinary light inevitably in- 
volved the theory of these phenomena in 
the discussions whose interest is thus 
broadened to the general reader. Corol- 
lary benefits are the discussions of learned 
societies, museums, outstanding texts, 
biographical data, etc. In short, this 
bulky volume is a source book of general 
scientific history. It is filled with in- 
teresting facts and important information. 
An extensive bibliography covering 70 
pages in small type and numerous foot- 
notes testify to the thoroughness of the 
search for material to be included (or re- 
jected). 

Obviously this was a labor of love and 
many years of scholarly research and 
downright hard work are represented by 
this ultimate distillate of the author’s wide 
reading and careful cogitation. He ex- 
hibits here a wide and accurate acquain- 
tance with sciences other than biology. 

The cut-off date (1900) was wisely cho- 
sen. This was the period of the discovery 
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PRINCIPLES OF CHEMISTRY, edition vy soc x. 


Hildebrand, Professor Emeritus of Chemistry, and Richard E. Powell, Associate 
Professor of Chemistry, both of University of California, Berkeley; 


PRINCIPLES OF CHEMISTRY, 6th Edition A professor comments in the 
Journal of Chemical Education: “This book is too well known to require either intro- 
duction or recommendation. It does both for itself far better than elaborate words 
of praise could do. It need only be added that this edition enhances in no small meas- 
ure the very enviable reputation established by its predecessors.” 


bound with REFERENCE BOOK OF INORGANIC CHEMISTRY, 


Third Edition by Wendell M. Latimer, late Professor of Chemistry, University of 
California, Berkeley, and Joel H. Hildebrand 


REFERENCE BOOK OF INORGANIC CHEMISTRY, Third Edition 
Providing full descriptive material on the fundamentals of inorganic chemistry and 
their important applications, this book is a useful supplement to Hildebrand’s text, 


as well as a reference volume which the student will find valuable in later courses and 
in professional work. Combined Volume, 1952, 444-625 pages, $8.50 


A COURSE IN GENERAL CHEMISTRY, 3« ccition 


by the late W.C. Bray and the late Wendell M. Latimer, both Professors of 
Chemistry, University of California, Berkeley 


Stressing the student’s own responsibility for observing accurately and 
drawing relevant conclusions, the experiments in this book help train students 
to solve problems intelligentiy and scientifically. 1940, 206 pages, $3.90 


A COURSE IN GENERAL CHEMISTRY, semi- 


Micro Alternate Form, Third Edition by the late W. C. Bray; the late W. 
M. Latimer; and R. E. Powell 


In this work, the more rapid semi-micro techniques have replaced macro labo- 
ratory techniques. A professor comments in The Science Teacher: “For college 
chemistry teachers who adhere to “principles,” as distinguished from “descrip- 
tive” chemistry, this freshman laboratory manual is a recognized classic.” 

1950, 217 pages, $3.90 


And coming this Spring for your consideration — 
new editions of two well-established texts 


QUANTITATIVE CHEMICAL ANALYSIS, 


Eleventh Edition by L. F. Hamilton and S. G. Simpson, both of 
Massachusetts Institute of Technology 


FUNDAMENTAL PRINCIPLES OF PHYSICAL CHEMISTRY 


Third Edition by S. H. Maron, Case Institute of Technology and Carl F. 
Prutton, Food Machinery and Chemical Corporation 


The Macmillan 
60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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MOST 
EXACTING LABORATORY 
SPECIFICATIONS 

ARE MET BY @® 


VITREOSIL 


FUSED QUARTZ 


TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in ali normal lengths and 
diameters. Useful up to 1000” C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transparent, 
free from chemical impurity—the trans- 
Parent grade offers the best ultra- 
violet transmission. 


CRUCIBLES © RETORTS e MUFFLES 
DISHES e TANKS @ POTS e TRAYS 


Crucibles made of VITREOSIL guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
trical heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
sizes and types. Trays and other 
VITREOSIL ware in many sizes from 
= or prompt delivery of special 
sizes. 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 
GRADED SEALS 


Corrosion-resistant VITREOSIL equip- 
ment is impervious to all organic and 
inorganic chemicals even at very high 
temperatures, regardless of concentra- 
tions, except strong caustics and hy- 
drofluoric acid. Outstanding electrical 
and high temperature properties, 
strength, impermeability. In stock sizes 
for immediate shipment. Custom items 
to order. Write for our information 
bulletins and prices on wanted items. 

our ad in Chemical Engineering 
Catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


Please send illustrated bulletin or informa- 


Street 


City. Zone___State 


Recent Sooke 


of the electron and enunciation of the 
quantum theory. The theoretical in- 
terpretations of luminescence have under- 
gone basic changes since 1900, and the 
literature has continued to grow. A vol- 
ume of equal size will surely be required to 
cover the history of this present century, 
in which luminescence has played such an 
important part because of its practical 
applications: neon signs, fluorescent light- 
ing, television. 

The reviewer is enthusiastic about this 
book. He recommends it to scientists and 
engineers, not only because of its in- 
trinsic value and merit but as an example 
of what the history of a scientific topic 
should be. At the modest price, it is a 
real bargain. 


RALPH E. OESPER 
University OF CINCINNATI 
Crincwwnati, 


LECTURE EXPERIMENTS IN CHEMISTRY 


G. Fowles, Latymer Upper School, Lon- 
don. G. Bell and Sons, Ltd., London, 
1957. Fourth edition. xvi + 629 pp. 
oy figs. 14 X 22cm. 42s. 


Since it was first published in 1937 this 
volume has been one of the standard 
references for lecture demonstrators. At 
first glance the first 435 pages appear to be 
identical with the third edition. (J. 
Cue. Epuc., 27, 170 (1950)). This is 
somewhat misleading. 

The literature references at the end of 
pages 12 and 13 have been revised and 
additions made. On page 19, experiment 
5A, the gaseous diffusion of hydrogen 
chloride and ammonia has been added and 
four pages inserted as 19A, B, C, and D, 
which contain experiments dealing with 
the motion and diffusion of molecules and 
ions in gels, the dependence of the rate of 
diffusion on temperature, and an intro- 
duction to dialysis and Brownian move- 
ment. Numerous footnotes have been 
added throughout the text. 

On page 436 the electrolysis of molten 
silver nitrate has been added. Chapter 6 
from the third edition, Physical Principles 
and Common Phenomena, has been sub- 
divided into three additional new chapters. 
Chapter 7, Surface Chemistry, in which 
the material from the third edition on the 
colloidal state has been largely rearranged 
with new material added dealing with 
gaseous and vapor absorption, ion ex- 
change, water softening, absorption of 
dyes, and paper chromatography. Chap- 
ter 8, Catalysis, is essentially a portion of 
the same material which was previously in- 
cluded in Chapter 6. Chapter 9, Flame 
Combustion and Explosion, is also mate- 
rial from Chapter 6 of the previous edition. 

An addendum incorporating recent 
views and more recent references has been 
added to the first appendix entitled The 
Aims and Methods of Teaching. Two 
supplements appear as in the third edition 
with the exception that additional experi- 
ments on the conductivity of water, the 
electrolysis of distilled water, and the prep- 
aration of cuprammonium rayon and two 


(Continued on page A186) 


The Supplement 
a Unique Feature 


Introductory concepts . 60 pp. 
Basic text........ 480 pp. 


Supplement ....222 pp. 


“The supplement is an advanced 
discussion of many points al- 
ready mentioned in less detail 
in earlier sections. . . . modern 
in conception and adds tremen- 
dously to the value of the book.” 


—T. S. West, Meldola Medal- 
list for 1956, Royal Institute of 
Chemistry. 


ELEMENTARY 
QUANTITATIVE 
ANALYSIS: 
Theory and Practice 


W. J. Blaedel 
V. W. Meloche 
University of Wisconsin 


No. Illustrations...........130 
No. Experiments...........29 
Illustrative examples.......209 
Questions and problems. .. 1543 
Pages of Appendices.......18 


Teachers of Quantitative 
Analysis: write for an exami- 
nation copy. 


Row, Peterson & Co. 
Evanston, Illinois 
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Four new Wiley titles for study and reference 


GENERAL BIOCHEMISTRY, Second Edition 


By Joseru S. Fruton and Sorta Simmonns, both of Yale 
University. Retaining the general objective of its pred- 
ecessor, this new edition has been revised and expanded 
to reflect the recent progress made in many areas of bio- 
chemistry. The authors offer a coherent introduction to 
present-day biochemistry and provide a background to 
the application of the subject in fundamental and 
applied biology. Attention is given to biochemistry 
from a general point of view, balancing the structural 
and dynamic aspects of this rapidly growing science. 


The second edition includes new data on: protein 
structure, enzyme action, biological oxidation, dehydro- 
genases, oxidative phosphorylation, photosynthesis, 
vitamins, biosynthesis of proteins, and the metabolism of 
carbohydrates, fatty acids, steroids, amino acids, por- 
phyrins, and nucleic acids. Nearly every section has been 
completely rewritten, and a new chapter has been added 
on alternative pathways of carbohydrate metabolism. 
An extensive bibliography provides a valuable guide to 
the literature. 1958. 1077 pages. Illus. Prob. $15.00. 


QUANTITATIVE ANALYSIS, Fourth Edition 


By W. Conway Pierce. University of California at River- 
side; Epwarp L. Wabash College; and DonaLD 
T. Sawyer, University of California at Riverside. Long 
recognized as a leading text in its field, this book is now 
thoroughly modernized to meet changes made in the 
analytical chemistry program. Liberal use is made of 
the Lowry-Brénsted treatment of acid-base: equilibria, 
aithough a conventional treatment is retained for the 
hydrolysis of salt solutions. A new section is included 
on evaluation of data and precision of measurements, 
based on statistical methods for use with small popula- 


tions. The treatment of electromotive force of cells and 
their eeeae to oxidation-reduction equilibria is 
simplified. Several new determinations have been 
added, including those of calcium by titration with a 
complexing agent, of nickel by a with di- 
methylglyoxime, and of zinc by electrodeposition; colori- 
metric determinations by colorimeter or filter photom- 
eter; and electrometric titrations with a commercial pH 
meter. A wide variety of questions and problems is 
included. 1958. 497 pages. Illus. Prob. $5.75. 


AUTOMATIC PROCESS CONTROL 


By Donatp P. Ecxman, Case Institute of Technology. 
This new book treats the important principles of auto- 
matic control in —" fashion, emphasizing 
block diagrams and frequency techniques in process 
control. Beginning with process analysis, it carries on 
into the generalized behavior of closed-loop systems. 
Systems problems are given a great deal of study. The 
techniques of analysis are used to the fullest extent, and 
enough detail is carefully presented so that students may 


inspect some of the more difficult problems in automatic 
control rather closely. The author incorporates numer- 
ous problems with answers. Nine detailed experiments 
are also to be found, including one dealing with the ana- 
log computer. Special topics covered include: complete 
treatment of process control, control elements and actua- 
tors, non-linear elements often encountered in process con- 
trol, temperature control, and application to steel proc- 
essing. 1958. Approx. 374 pages. 274 illus. Prob. $7.50. 


MECHANISMS OF INORGANIC REACTIONS 
A Study of Metal Complexes in Solution 


By Frep Basoto and G. Pearson, both of North- 
western University. This text is the first book written 
specifically on reaction mechanisms in inorganic chem- 
istry. It emphasizes the dynamic, mechanistic aspects 
of inorganic chemistry rather than the structural and 
energetic aspects. The authors incorporate the most up- 
to-date theories. For example, they use the Crystal 
Field Theory of metal-ligand bonding. The text co- 


ordinates recent advances in the mechanisms of substitu- 
tion reactions of metal complexes, oxidation-reduction 
reactions, and metal ion catalysis. Directed toward 
students adequately trained in the fundamentals of 
chemistry, the work assumes some prior knowledge of 
coordination chemistry, stereochemistry, and reaction 
kinetics. 1958. Approx. 396 pages. 106 illus. Prob. 
$9.00. 


Send today for examination copies. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue 
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ESSENTIALS 
PHYSICAL 
SCIENCE 


A NEW TEXT FOR GENERAL COLLEGE STUDENTS 


by JOHN DEVRIES 
with the assistance of DONALD C. BOARDMAN 


Presents more than a full year’s course on basic principles 
underlying the physical sciences, with emphasis on the rela- 
tion of the basic facts of science to Christian commitments. 


SIX UNITS 


Introduction to the Study of Physical Science 
The Concept of Force and Its Application 
Matter and Its Characteristics 

The Structure of Atoms and Molecules 
Nuclear Chemistry and Physics 

An Examination of the Crust of the Earth 


Well illustrated with halftone pictures and all necessary 
diagrams, tables, indexes. 


375 pages, double-column, $6.95 


WM. B. EERDMANS PUBLISHING COMPANY 
GRAND RAPIDS 3, MICHIGAN 


Capacity: 12” sq. x 19” 
deep, with 2 adjustable 
shelves ... Temperature 


range, room to 200°C. 


Model 5850 


$375. 


See your Laboratory Supply Dealer or. . . 
Write for Free Bulletin 


NATIONAL APPLIANCE 


7634 S.W. CAPITOL HWY. * PORTLAND 19, OREGON 
Since 1918 . . . Serving INDUSTRY - RESEARCH - MEDICINE 


Manufacturers of Ovens, Incubators, Baths and other Appliances 


Recent Books 


pages of notes referring to various experi- 
ments have been added to part two. 

One would normally anticipate in a re- 
vised and enlarged edition that materials 
such as that included in the supplements 
might have been worked into the text at 
the appropriate place for logical sequence. 
However, perhaps we should not be too 
critical of an author and publisher who 
have persisted in supplying chemistry 
teachers with an excellent book on lecture 
demonstrations. They should not be 
castigated for using the most inexpensive 
way possible of preparing a new edition. 
At least this is far better than the situa- 
tion in our own country where two or three 
excellent books on lecture demonstrations 
in chemistry have gone out of print and 
have long since been unavailable on the 
market. 


F. B. DUTTON 
Micuiean State UNIVERSITY 
East Lansine, MICHIGAN 


THE SCIENCE OF ENGINEERING 
MATERIALS 


J. E. Goldman, editor, Manager, Physics 
Department, Scientific Laboratory, Ford 
Motor Co. John Wiley & Sons, Inc., New 
York, 1957. xv + 528 pp. Many figs. 
and tables. 15 X 23.5cm. $12. 


“THERE is increasing unification in the 
viewpoint of solid-state physics with that 
of physical metallurgy and other special- 
ized materials sciences such as ceramics, 
glass technology, and high polymer phys- 
ics....’’ The objective of this book is to 
provide the non-specialist with sufficient 
information and background in solid state 
theory to appreciate the present attempts 
to answer the question ‘‘Why do materials 
behave as they do?” 

It is a collection of papers, all by out- 
standing researchers which will provide 
chemistry professors and their students 
with a readable, well-organized encyclo- 
pedia of information in that area where 
chemists become physicists and vice vers:. 


W.F.K. 
or Wooster, 
Woosrer, Ox10 


THE CHEMICAL FORMULARY. 
VOLUME X 


Edited by H. Bennett, Technical Di- 
rector, Glyco Products, Co., Inc. Chem- 
ical Publishing Co., Inc., New York, 1957. 
392 pp. 15 X 22cm. $8. 


Tue 1957 edition brings up to date tlic 
information found in previous volumes |!) 
this title. Only the introductory chapt«r 
remains the same. A handy reference 
volume of practical ‘‘this-is-how-it-i-- 
done”’ information. 

W.F.K. 
or Wooster 
Wooster, Oxn10 
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geal UNIT PROCESSES IN ORGANIC SYNTHESIS 

a By PHILIP H. GROGGINS, Chemical Engineer, Food Machinery and Chemical Corp. savas eae 
tid Series in Chemical Engineering. New Fifth Edition. 1070 pages, $17.50 

ot be A complete revision of a widely adopted text, presenting the industrial technique used in converting 

‘dition organic raw materials into usable products through the mastery of unit processes. These processes 
yoru encompass the major reactions in the field of synthetic organic chemistry. Three new introductory 
i Ghree chapters by outstanding authorities stress thermodynamics, chemical kinetics, and process kinetics. 
rations The book is intended for those students with a sound background in physics, physical chemistry, and 
nt and mathematics. 


on the 


UTTON ADVANCED ANALYTICAL CHEMISTRY 
By LOUIS MEITES, Polytechnic Institute of Brooklyn, and HENRY C. THOMAS, University of North 


Carolina. Ready in June 


An upper-division text written for the student who wants a firm theoretical foundation in instrumental 
methods. It explains the theory and practice of many modern techniques of chemical analysis and 
research, including potentiometry, conductometry, polarography, electrolytic procedures, absorptimetry, 
radiochemistry, and chromatography. Emphasis is on the use of the instrumental techniques in securing 


Minsics data of physico-chemical importance, and on the theory underlying the use of the instruments. Over 180 


. Ford illustrative problems are included. 
., New 
y figs. 

CHEMICAL PUBLICATIONS 
_ _ By M. G. MELLON, Purdue University. New Third Edition. Ready in April 
pecial- A long-awaited revision of a standard text and reference book for university courses in chemical literature, 
werent library problems in chemistry, and the like. An over-all balanced perspective of various chemical publica- 
_ tions is given, along with library exercises to introduce students to this literature. Changes in this new 
ei third edition include a substitution of new titles for older ones in periodicals, treatises and single-column 
1 state books, and the revision of the chapters on Patents, Library Problems, and Governmental Publications. 
fempts 
terials 

THE PROPERTIES OF GASES AND LIQUIDS: Their Estima- 
Suna tion and Correlation 
_— By ROBERT C. REID and THOMAS K. SHERWOOD, both of the Massachusetts Institute of Tech- 
al nology. McGraw-Hill Series in Chemical Engineering. Ready i in June 
versa. This reference text for students of chemistry and chemical engineering presents a critical review of the 
WK. methods useful in correlating or estimating the more important physical properties of pure materials and 


simple mixtures. It treats estimation of such properties as critical pressure and temperature, compressi- 
bility, vapor pressure, free energies, heat capacities and thermal conductivity. The literature up to 1956 
has been completely covered, with many new articles published in °57 included. 


EXPERIMENTAL CHEMISTRY 
By MICHELL J. SIENKO and ROBERT A. PLANE, both of Cornell University. Ready in April 


al Di- 
Chem- A well-illustrated laboratory manual to accompany the authors’ outstanding basic chemistry text. It 
1957. contains a general introductory section describing lab techniques, followed by 45 experiments which 

include four practice problem sessions. The purpose of each experiment is clearly stated so that students 
te the can grasp the main idea. A separate section shows how to use a simple slide-rule. 
nes by 
rapter 
SEND FOR 

COPIES oH McGRAW-HILL BOOK COMPANY, Inc. 

a. K. ON APPROVAL 330 West 42nd Street, New York 36, N. Y. 
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Fieser and Fieser 
INTRODUCTION TO ORGANIC CHEMISTRY 


° This two-part text constitutes an efficient one-year course. Part 
proven chemistry I deals with theoretical and factual material, while the book’s 
unique feature—Part II: “Applications to Research”—demon- 
° strates the use of theory as applied in research. 620p. $7.00 
texts — organic and 


Fieser 
EXPERIMENTS IN ORGANIC CHEMISTRY, 3rd ed., rev. 


general — with highly 


Nebergall and Schmidt 
COLLEGE CHEMISTRY 


This immediately successful general chemistry text effectively 
combines general chemistry and qualitative analysis in a one- 
year course. Emphasizes and uses concepts of atomic and 
molecular structure and chemical bonding. 796p. $7.25 


Hered and Nebergall 
Home Office: Boston 16 BASIC LABORATORY STUDIES IN COLLEGE 


Sales Offices: Englewood, N. J. Chicago 16 CHEMISTRY 
San Francisco 5 Atlanta 3 Dallas 1 This manual, keyed to CoLLEcE CHEMISTRY, has been designed 
for greatest convenience in laboratory use. 112p. $3.00 


stresses the why of organic chemistry 


A SHORT COURSE IN ORGANIC CHEMISTRY 


HAROLD HART 
ROBERT D. SCHUETZ 


both of Michigan State University 
© handsomely and profusely illustrated 


© particularly suited for home economics, agriculture, 
pre-nursing and similar majors 


emphasizes applications biologically-important substances 
© vivid three-dimensional drawings of molecular models 


® brief and clear 


Boston 7 
326 pages $5.25 New York 16 
A Manvel ts eveltatle. 

Palo Alto 


FFLIN COMPANY 
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By E. de B. Barnett, formerly of the University of London, and C. L. Wilson, Queen’s Uni- 
versity, Belfast. An advanced textbook, giving special attention to atomic weight determina- 
tion, crystal chemistry, stereochemistry, the quantum theory, valency, radioactive change, 
the Bohr and Mendeléeff classifications, and reactions in industrial processes. Revised through- 
out, with an appendix on the literature. Second Edition. 1957. 588 pp. 6 by 10”. 94 figs. 
Tables. $7.00. 


ELECTRONIC THEORIES OF ORGANIC CHEMISTRY 


By G. I. Brown, Eton College. A brief discussion of valency and the nature of the 
various bonds. 224 pp. 5 by 744”. Figs. Ready, May 1958. $3.00. 


ELEMENTARY PRACTICAL ORGANIC CHEMISTRY 

By Arthur I. Vogel, Woolwich Polytechnic. An elementary text and manual, based on small- 
scale preparations. 5% by 8”. Figs. Tables. In Three Parts: 

Part I: Small-Scale Preparations. General and experimental techniques; aliphatic, aromatic, 
and miscellaneous compounds, and miscellaneous reactions. 1957. 362 pp. $4.50. 

Part II: Qualitative Organic Analysis. Constants, reactions and characterization of com- 
pounds, analysis for the elements, solubility, class reactions, derivatives, and analysis of mix- 
tures. 1957. 320 pp. $4.50. 

Part III: Quantitative Organic Analysis. Determinations based largely on functional groups, 
including work with non-aqueous solvents. About 325 pp. Ready, May 1958. $4.50. 


PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel. A survey of the field, for the advanced student and for reference. 
Third Edition. 1956. 1188 pp. 6% by 10”. $12.00. 


REACTIONS OF ORGANIC COMPOUNDS 


By W. J. Hickinbottom, University of London. Analysis and identification based on reactions 
of functional groups. Third Edition. 1957. 620 pp. 5% by 8”. Figs. $8.75. 


DICTIONARY OF PHYSICS 


Edited by H. J. Gray, with contributions from a number of leading scientists. Covers 
all branches of Physics and includes material from the closely related fields of Mathe- 
matics, Astronomy, Chemistry, Electrotechnology, and others. Biographical sketches. 
References to original papers. Convenient library and reference book for students, 
teachers, technicians, and specialists: 544 pp. 64 by 10”. 450 figs. Ready, May 
1958. $16.50. 


LONGMANS, GREEN AND CO., Inc. 


55 Fifth Avenue, New York 3, N. Y. 20 Cranfield Road, Toronto 16, Canada 
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GARRETT 
HASKINS 


SISLER 
Essentials of 
Chemistry 


Provides an elementary interpretation of 
the physical world, with a wealth of ap- 
plications, for students not specializing in 
chemistry. Its accompanying manual, Es- 
sentials of Experimental Chemistry for 
Laboratory and Demonstration, offers 73 
exercises. 


EVANS 
GARRETT 
SISLER 


Semimicre 
Qualitative 
Analysis, Revised 


This successful manual for the freshman 
course gives the student drill in writing 
complete equations for reactions and de- 
velops the theory of qualitative analysis 
in a simple, direct way. 


Write for more information to 


e 
Ginn and Company 
Home Office: Boston 
Sales Offices: New York 11 
Chicago 6 Atlanta 3 


Dallas 1 Columbus 16 
Palo Alto Toronto 7 


We recommend... 


SOLIDS-LIQUIDS- "GASES: SOLIDS 


DRIERITEx: 


20s. $3SV9-Sainorsaros- sario 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical— Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 


120 Dayton Avenue, Xenia, Ohio 
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Pergamon 
Press 


Progress in the CHEMISTRY OF FATS and Other Lipids 


Volume 5, Advances in Technology 
EDITED BY R. T. HOLMAN, W. ©. LUNDBERG AND T. MALKIN 


In view of the rapid advances in technology, the editors have decided to bring out a separate volume on this phase 
of the subject. The chapters in this Volume 5 on “‘technology”’ have been written by recognized authorities on 
the analysis, processing and utilization of important raw materials and products. The previous monographs 
dealt only with the purely chemical and biochemical aspects of lipids, as will Volume 6, the next volume of this 
progress series. $14.00 
Already Published 
Vol 1 1952—$12.00 Vol 3 1955—$12.00 
2 1954— 12.00 4 1957— 12.50 


RECENT ADVANCES IN GELATIN AND GLUE 
RESEARCH 


EDITED BY G. STAINSBY 


This volume contains the proceedings of an International Conference sponsored by the British Gelatine and Glue 
Research Association in July, 1957, and covers the important technological advances made in this field during the 
past decade up to the present. Recent progress in the elucidation of the structure and origin of collagen is de- 
scribed, as well as the preparation and properties of soluble collagens, the conversion of collagen to various types 
of gelatin, the compositions, structures and properties of gelatins, and the relation of these factors to commercial 
usage in gelatin and glue. Contributors include Professor Linus Pauling, Professor Paul Doty, C. H. Bamford etc. 
This important volume should do much to co-ordinate activity and stimulate fresh ideas in this area of research. 


$12.00 
THE RHEOLOGY OF ELASTOMERS 


EDITED BY N. WOOKEY AND P. MASON 


Among the topics discussed at this conference organized by the British Society of Rheology, held at the British 
Rubber Producers’ Association in England in May, 1957, were the kinetic theory of high elasticity and photo- 
elastic behavior and stress-relaxation; gelatin, as well as rubbers cross-linked by radiation instead of by the con- 
ventional chemical methods; relaxation processes in connection with the visco-elastic and dielectric behavior of 
polymers; mechanical properties of thermoplastics; and use of cine-photographs in research. $8.50 


Other published titles of interest 
REFINING OF OILS AND FATS for Edible Purposes 
By A. J. C. ANDERSEN $7.00 


AN INTRODUCTION TO DRYING OIL TECHNOLOGY 
By M. R. MILLS $6.50 


MARGARINE 
By A. J. C: ANDERSEN $10.50 


WRITE NOW .... For a free copy of our comprehensive NEW 1958 CATALOG. 


Pergamon Press 


New York + London «+ Paris + Los Angeles 
122 East 55 Street, +» New York 22, + New York 


announces... 
y in 
atu- 
fers 
her 
ub- : 
liq- 
sic- 
rch 
y 
, 
ATION VOLUME 35, NO. 4, APRIL, 1958 Algl 


EQUIPMENT CHEM FD BUYER’S GUIDE CHEMICALS 
APPARATUS SERVICES 


MERCURIC FLUORIDE i CHEMICALS 
ZINC FLUORIDE RA METALS 


MANGANOUS FLUORIDE MINERALS 
Some of the many special chemicals we 
RARE EARTH METALS, H. P. 
for om of Send for New Lists 
@) 139 W. 29nd St New York 11, NY. A. D. MACKAY, y 


198 Broadway, New York 


hts Send for our 1957 - 1958 


20-METHYL CHOLANTHRENE UNKNOWNS Catalog listing the finest 
See For organic chemicals available 


THIOBENZOIC ACID 
alitative Analysis Classes 


write for free catalog Micro-Beaker 
covers svaileble) CORPORATION 


Sample Storage Sets 
Numbered Self-Adhesive Labels 


168 EATON STREET 
R. P. CARGILLE LABORATORIES, INC. 


117 Liberty Street New York 6, N. Y. BUFFALO 8, NEW YORK 
MELTING POINT 


‘AP RONS 2 NOW OVER 5100 (" DETERMINED IN SECONDS 


KOFLER 
COATS cuemicats 


j ® Convenience Accuracy (+1° C) 
Standard for Over Forty Years ®@ Range 10° to 260° C. 
SIX QUALITIES in FOUR SIZES ¢ @ Sodium Carraghenate 
GROUP PRICES-BONUS APRONS @ Sodium Chloroplatinate 
well made - strong tapes- the six a @ Sodium Dithionite 
different qualities with a wide 4 @ Sodium Fluoroacetate 
price range are designed to fit © Sodium Hyponitrite 
yous needs foe apsene at Sodium Myristyl Sulfate 
the price you want to pay. © Sedium Nucieate =  ® Time Saving 

Sodium Protalbinate Write for Literature 

END FOR CIRCULAR 

. @ Sodium Thioselenite 


¢ Samples and Prices on GV @ Sodium Tungsten Fluoride &2 Beaver Street, New Yotk 5, Ni. ¥. 


and COATS 


Sorbose-1-phosphate 
| Made especially for lab use. e Steapsin ; 
Choice of five colors. @ Stearaldehyde ees 
NONE BETTER - Worn by @ Stearoylcholine Chloride 
thousands. Sent you prepaid @ Stilbene Dibromide 
and your satisfaction guar- @ Strontium Borate 
anteed. Light weight - cool e Strontium Carbide 


- durable and comfortable. 


| 
| 
| 
| 
| 
| 
| 
| For informorion Material ¢ Sodium Titanium Fluoride WILLIAM J. HACKER & CO., Inc. 
| 
| 
| 
| 
| 
| 
| 
| 
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COMPLETE CATALOGUE 
Cy" EASTER SEALS 
laboralorues, Gne. 


15 East McWilliams Streer 17 West 60th St. New York 23, N.Y 

FOND DU LAC, WISCONSIN Plaza 7-817) _ for 
Children and Adults 
. LaSalle Chicago 3 


Gh ALL PURPOSE YOU, TOO CAN USE 
a Br LABORATORY CHEM ED BUYERS’ GUIDE 
TIMER 


3600 Settings Giant 8” Dial faced with the problem of promoting one or 
Split-Second Accuracy Portable Mount Models more products which do not lend themselves 


Automatic Switchi P to inclusion in the company's principal ad- 
. or wc oot ty 
of more advertising space, find these sma! 


WRITE FOR COMPLETE CATALOG! units offer just the right size and place for 


publicizing that extra or special item. “sah 
DIMCO-GRAY COMPANY | 
: gadg 
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its 


tory Hormone, Clupeiny Collagen, Cclumbicm ‘Chloride, 
Copper Gly: ydroascorbic Desoxy osterone 
Glucoside, Desthiobiotin, Dialuric Dibrom 
Endosuccinic Derivatives; Enzymes 
di-Ethionine; 
kinase; A 4-Hydroxy ine; 
Acid; a-Hydroxy enezine; jodoacetam 
o-lodosobenroic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 


Mercapto ionic Mescaline Sulfate Mesocystine; 
B-Methylerotonic Acid; 3-Methyl- 


ylurea; Nordihydrogualaretic Acid; Osmie Acid; Para- 
ie Acid; Penicillinase; Peroxidese; Phenolohthalein Glucuronide,; 
Phenylpyruvie Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid, Sodium Amide, Sodiom Sohingomyelin, Sphin- 
gosine; Stilbamidine; Sulfequinoxaline, Tantalum C hloride; 
m-Terpheny!; ccorhesl Pho 8-Tocophero 


Ask us for others! 


DELTA CHEMICAL WORKS inc. 


230 West 60th St. New York 23,N.Y. 
- Telephone Plaza 7-6317 


ic Acid, Lactobi 
3 Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 


Principles of Physical Chemistry 
By WALLACE S. BREY, JR. This new text 
acquaints the student of the biological sciences 
with the field of physical chemistry and indicates 
how the understanding of physiochemical principles 
sheds light on the behavior of matter. 


433 pages Illustrated $7.00 


JUST PUBLISHED 


Alternate Fifth Editions 


Properties and Numerical Relation- 
ships of the Common Elements and 
Compounds 

by J. E. BELCHER and J. C. COLBERT 
Experiments and Problems in 
College Chemistry 


by J. E. BELCHER and J. C. COLBERT 


APPELTON-CENTURY-CROFTS, INC. 


35 West 32nd Street, New York 1, New York 


ADVERTISERS’ 


INDEX 


Agency: Ray Hawley, Adv. Agency: Hermon W. Stevens Agency Agency: Birsch Scientific Adv. 
Alberene Stone Corp. of Va............. A158 A150 Pioneer Plastics............... A170 
Agency: G. M. Basford Co. Agency: Fairfaz, Inc. Prentice-Hall, Inc...................... Al7S 
Allied Chemical & Dye Corp............ A163 Agency: Albert Frank-Guenther Law, 
Agency: Benton & Bowles, Inc. Hammond Drierite Co., W. A........... A190 Inc. 
Agency: Fran ock Assoc. Reinhold Publishing Al4s 
Holt & Co., Henry................ A182 orn... 
Aluminum Co. of America.............. A156 . Agency: Norman D. Jaters & Asso- 
Agency: Fuller, Smith & Ross, Inc. Houghton Mifflin Co................... A188 ciates 
Appleton-Century-Crofts, Inc............ A193 hoe A155 
Baker Chemical Co., J. T..............- IFC Agency: J. Walter Thompson Co Agency: “Rreicher & Meloan, Inc. 
Agency: Wildrick & Miller Klett Mfg. Co A164 A179 
gency: Copley Adv. Agency Agency: reibman 
Bockel & Ca, A166 Laboratory Craftsmen.................. A154 & Cast.......... A173 
Agency: Lethen Advertising ) A189 Agency: Wildrick & Miller, Inc. 
Agency: Frank Wilhelms, Adv. u tan Co., The anes Agency: Gordon Pilling Adv., Inc. 
acmillan Co., The................... Standard Scientific Supply Corp........ Al61 
Chem Ed Buyers’ Guide............... A192 Tne. Agency: Firestone Adv. Agency 
Coleman Instruments, Inc.............. OFC man 
Agency: Hollander & Weghorn Thermal American Fused Quartz Co..... A184 
Consultants Bureau, Inc............... A177 Agency: Asher, Godfrey & Franklin, 
Agency: H. J. Gold Co., Adv. t Agency: Leona Py ‘Sive & Associates, Arthur H A147 
gency: Fran hi Book 
Agency: The Rumrill Co., Inc. Nalge Co., The asa Agency: Ralph Gross Adv., Inc. 
Agency: Lefler, d Co., A194 
Delta Chemical Works, Inc............. A193 Van Nostrand Co., D.........-......... 
Agency: Miller Adv. Agency, Inc. A186 Agency: Lewin, Wilkicma, Saylor, Inc. 
Nog. York Laboratory Supply Co. A186 Welch Mig. Co,,W.M. AIST & AITA 
Eerdmans Publishing Co., Wm. B....... A186 Ohaus Scale Corp........... Ft Al65 houney: Norman D. Waters & Asso- 
Agency: Robert M. Baldwin Co. ciates 
Fisher Scientific Co..................-- OBC Wilkens-Anderson Co.................- Al64 
Agency: Smith, Taylor & Jenkins, Inc. 6 A154 Agency: Mandabach, Marthens & 
Freeman & Co., W. H.............-. A180-A181 Agency: F. Willard Hills Adv., Service Inc. 


ALS 
ES 
€ eee 
S Acenaphthylene; A Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetyl Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine ya loride; Adenosine Diphosphate; 
Adonidine; Alanyipivcine, Ikaloids; Amylase; 
Arachidie Acid; Arachidonic Acid; 1-Argininamide; 
.Y. a 
58 4 
st 
le 
T 
RK 
R 
°C) 
Inc. 
ors of 
terial, 
one or 
selves 
ad- 
ne use 
smal! 
ce for 
Here 
“mar- 
t new 
ATION VOLUME 35, NO. 4, APRIL, 1958 A193 : 


Lively New Textbooks 


from Van Nostrand 


TEXTBOOK OF ORGANIC CHEMISTRY 
By Lloyd N. Ferguson, Professor of Chemistry, Howard University 


, This new study is a true textbook rather than the usual reference volume 

on organic chemistry. The kind and quantity of teaching aids are 

ORG ANIC > exceptional, and the subject is treated from the standpoint of an organic 

chemist’s work: syntheses, separations, qualitative analysis, industrial 

” applications, and so forth. Such practical associations minimize learning 

by rote. Professor Ferguson emphasizes the interrelation of basic prin- 

ciples of chemistry so that students can achieve a real understanding of the 
characteristic chemical and physical properties of organic substances. 


Ready this month 


AN INTRODUCTION TO CHEMISTRY 
By Charles Compton, Professor of Chemistry, Williams College 


Writing in a fluent and absorbing style, Professor Compton brings to life 

the aspects of chemistry that capture and maintain the non-science 

student’s interest: ideas concerning the structure and behavior of matter, INTRODUCTORY 


and the practical applications of these ideas. His approach develops an 
appreciation of the methods which chemists employ, especially through 
the use of condensed case histories. A chapter on the work of early 
Greek philosophers further points up the vital importance of investigation 
by experiment. Special attention is devoted to nuclear chemistry, food 


and medicine. 
Ready this month 


BASIC PRINCIPLES OF CHEMISTRY 
By Eugene C. Winslow, Associate Professor of Chemistry, University of Rhode Island 


, This new text strikes to the heart of chemistry, presenting a vivid, 

integrated view of inorganic, organic and physical chemistry. Professor 

GENER Al ) Winslow places primary emphasis on the periodic table rather than on the 

individual elements and their properties, developing valid general rules 

for predicting the properties of elements in terms of the periodic table. 

He presents clear, readable explanations of common phenomena, recent 

experiments, and discoveries not found in most general chemistry books. 

The author strongly believes that there is a fascinating story in chem- 
istry, and this book attempts to tell part of that story. 


About 320 pages Published March 1958 


WRITE FOR EXAMINATION COPIES 


_D. Van Nostrand Company, Inc. 


120 ALEXANDER STREET + PRINCETON, N. J. 
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A corrosion-resistant unit, 
suitable for research, routine 
control and student work 


-mitcnerr 


CHROMATOGRAPHY TANK 


-.. for ascending technique with paper 8 inches square 


A simple, compact unit, designed for the devel- 
opment of two paper chromatograms 8 inches 
square, by one-dimensional or two-dimensional 
ascending techniques, using micro quantities 
(1 microliter portions) of test solution. See 
*“Ascending Paper Chromatography: A Way 
To Do It,” Journal of the Association of Official 
Agricultural Chemists, Vol. 40, No. 4 (November, 
1957), pp. 999-1029, by Lloyd C. Mitchell, 
U.S. Division of Food, Food and Drug Admin- 
istration. 

Tank is approximately 9 inches long xk 314 
inches wide X 9 inches deep, of Stainless steel; 
easy to clean; its small size relative to the paper 
area speeds achievement of vapor equilibrium. 


In use, paper sheets are attached by means 
of Stainless steel spring clips to rods of either 
Stainless steel or glass, 87% inches long X 3 mm 
diameter, which rest on removable, W-shape 
supports at top of tank. Lower edge of paper 
sheets is suspended in removable troughs which, 
in use, are filled with the mobile solvent. The 
V-shape Stainless steel troughs, 85 ml capacity, 
are 834 inches long X 1 inch wide X 1% inches 
deep; borosilicate glass troughs, 75 ml capacity, 
have round bottom and are 834 inches long X 


A.H.T. CO. 


PHILA USA 


LABORATORY APPARATUS 


VOLUME 35, NO. 5, MAY, 1958 


More and more laboratories rely on Thomas 


1,5; inches wide X ;; inch deep. A flat glass 
cover, with ground edges, permits observation 
of the ascending solvent front. In the author’s 
technique, cellophane tape is applied around 
edges of cover to form a vapor-tight seal to 
retain volatile solvents. 

*Author’s article, cited above, also describes an adapter to support 
solvent troughs 3/4 inches below top of tank and a slotted cover, per- 
mitting use of the Thomas-Mitchell Tank for continuous one-dimen- 


sional chromatography employing paper sheets 8 X 4 inches. 
Information on request. 


3677. Chromatography Tank, Stainless Steel, 
Thomas-Mitchell, as above described. Consisting of 
Stainless steel tank with two supports for rods, glass cover, 
two Stainless steel troughs, two Stainless steel rods, four 
Stainless steel Spring Clips, 1 package of 100 Whatman 
No. 1 paper sheets, 8 X 8 inches, and directions for 


Each, in lots of 6.. 28.25 Each, in lots of 36.. 26.71 


3677-8. Ditto, but with two glass rods and two half 
round troughs of borosilicate glass in place of Stainless 
steel rods and troughs 


Each, in lots of 6.. 26.69 Each, in lots of 36.. 25.26 


3678-L. Paper Sheets (Filter Paper), Whatman 
No.1, size 8 X 8 inches, selected for chromatographic 
analysis, in which application this high grade, unwashed 
paper is considered to have medium flow rate. As supplied 
with 3677 and 3677-B. Per pack of 100 sheets.... 1.70 


ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 
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New Wiley titles — just out or coming soon 


PRINCIPLES OF GEOCHEMISTRY, Second Edition 


By Brian Mason, The American Museum of Natural His- 
tory and Columbia University. Like its predecessor, this 
new second edition summarizes the significant facts 
concerning the chemistry of the earth and provides a 
coherent account of the physical and chemical evolution 
of our planet. Due to the many advances and discover- 
ies that have been made in the field, much has been add- 
ed to this edition, and many chapters have been re- 
vised. Some of the new material includes discussions 
on electronegativity as a geochemical factor, isotope 
fractionation in geological processes, minor and trace 


elements in metamorphic rocks, and energy changes in 
the geochemical cycle. 

Rewritten material covers the origin of the elements, 
isomorphism, atomic substitution, polymorphism, clay 
materials, composition, and origin of petroleum, meta- 
morphism, and metamorphic rocks. Data tables incor- 
porate the most up-to-date information available, ani 
the annotated bibliographies that accompany cach 
chapter are valuable guides to the latest literature. 
Ready in June. Approx. 305 pages. College edition $7.00. 


MECHANISMS OF INORGANIC REACTIONS 


A Study of Metal Complexes in Solution 


By Fred Basolo and Ralph G. Pearson, both Associate 
Professors of Chemistry, Northwestern University. In this 
text the authors reflect the new interest being expressed 
in inorganic chemistry and the new materials being _ 
pared by offering a new — to their subject. 
phasis has been transferred from the structural and ener- 
getic aspects to the dynamic, mechanistic aspects of in- 


organic chemistry. The most up-to-date theories are 
incorporated, prominent among which is the Crystal 
Field Theory of metal-ligand bonding. The text coordi- 
nates recent advances in the mechanisms of substitution 
reactions of metal complexes, oxidation-reduction reac- 
tions, and metal ion catalysis. 1958. 426 pages. Prob. 


$9.00. 


CHEMICAL PROCESS ECONOMICS 


By John Happel, New York University. Emphasizing 
the quantitative viewpoint, this text provides a working 
tool to assist the student in applying technical informa- 
tion to the economic design and operation of chemical- 
process plants. It offers a comprehensive treatment of 
the principles of economic balance. The formulas de- 
veloped can be applied uniformly to judge attractiveness 
of new enterprises, design the component parts of 
plants, or operate existing plants under optimum condi- 
tions. 

The author introduces the student to the more ad- 


vanced mathematical techniques and their place in 
economic evaluations. He includes concise notes for the 
estimation of equipment costs, taxes, and minimum ac- 
ceptable return rates. A special feature is the appendix 
devoted to ‘‘rules of thumb’’ for the practical design of 
chemical plants based on the experience of many engi- 
neering firms. This enables the student to arrive at 
reasonable answers quickly when there is insufficient 
information to sitll detailed consideration. 1958. 
Approx. 295 pages. College edition prob. $6.50. 


PHYSICAL CHEMISTRY OF HIGH POLYMERS 


By Maurice L. Huggins, Kodak Research Laboratories. 
Based to a large extent on the author’s own research, 
this book covers the entire field, concisely but thor- 
oughly, without neglecting molecular structures of 
synthetic and natural high polymers (including pro- 
teins). Dr. Huggins emphasizes fundamental principles 
and the explanation of properties in terms of molecular 
structure. Several important recent developments not 
dealt with in competing texts are described.and discussed. 
The work presents a previously unpublished theory 
of the dependence of the thermodynamic properties of 


ZONE MELTING 


By William G. Pfann, Bell Telephone Laboratories. 1958. 
236 pages. $7.75. 


polymer solutions on the sizes, shapes, and structure of 
the component molecules. 

The important role of hydrogen bonding in determin- 
ing polymer structure and properties is discussed, with 
many illustrative examples. “*...the author was able 
to breathe life into the concepts and derivations. Only 
books by men who have had a large part in the develop- 
ment of a field can have this pe. wg —from a 
pre-publication review. Ready in June. Approx. 176 
pages. College edition prob. $5.25. 


Coming in September... 


CHOLESTEROL 


By David Kritchevsky, The University of Pennsylvania 
and The Wistar Institute, Philadelphia. Approx. 310 pag:s. 
Prob. $10.00. 


Send today for examination copies. 


JOHN WILEY & SONS, Inc. 


440 Fourth Avenue 


New York 16, N. Y. 
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Biology and Chemistry, John Tyler Bonner 

Sea Water Conversion: A Key to Water Conservation? Kenneth Hickman... . 
Our National Water Resources, A. P. Black 

Chemiker Anekdoten 

Carl Auer von Welsbach, Fritz Lieben (Translated by Ralph E. Oesper) 
Antoine-Laurent Lavoisier and the French Revolution—III, Denis I. Duveen 
Representation of Polycyclic Aromatic Compounds, Theodore I. Bieber 


Some Convenient Laboratory Experiments in Radiochemical Techniques, 


Clyde R. Dillard and Linwood Morton 


Textbook Errors: Guest Column. XVII: The Meaning of Mole Fraction, 
J. M. Bijvoet and A. F. Peerdeman 


Reduction of Oxides by Hydrogen. William L. Masterton and 


Condensed Norms for A.C.S. Cooperative Examinations. Reviews of: High School 
Chemistry, Form N, and Quantitative Analysis, Form N 


A Pipet for Thermochemistry, Allen L. Hanson 
wat ta the Four-Year Chemistry Curriculum (Symposium continued from 
Integrated Introductory Course in Physics and Chemistry, Edward L. Haenisch 
and Lewis S. Salter 


A Special Course for Superior Students, L. Carrol] King 

Independent Study Programs for Freshmen, Paul H. Carnell 

The Undergraduate Chemistry Seminar: A Survey, James W. Hackett, O.P... 
The Teaching of Chemistry to Nonmajors, Jack Vanderryn 

Technical Literature in the Undergraduate Curriculum, James Watters 


A Convenient Calorimeter Heater for Corrosive Nonaqueous Solutions, 
N. L. Zutty and H. F. Herbrandson 


Proceedings of the Pacific Southwest Association of Chemistry Teachers 
Personalities and Trends, John Leo Abernethy 


Chemistry? 


Report of the New England Association of Chemistry Teachers 
e Role of Chemistry in the Utilization of Nuclear Energy, Herbert M. Clark. . 


Editor’s Outlook 


Demonstration Abstracts, Hubert N. Alyea 
Chem. Ed. Tested Demonstrations, Frederic B. Dutton 


Subscription Price: Domestic $4.00 per year; Canada $4.50; other countries oy Issued monthly. 
Single eae BS of issues in-current year, 60¢ each; all other single copies, $1. Remittances and 
orders for subscriptions should be sent to Busi & P Office, 20th and Secthenpion Streets, 
Easton, Pa. Foreign remittances must be accompanied ‘by International Money Order. 


claims for copies of journals lost in the mails can be allowed unless such claims are received within sixty 

too days of the date of issue and no claims can be allowed for issues lost as a result of insufficient notice of 

ange of for p' should be directed to the editor. Prospective authors are 

urged to avoid atitens writing and . ‘ausee the forms outlined in our Notice to Authors as it appears 

opposite page 631 of the Dec. 1957 issue. Second-class mail privileges authorized at Easton, Penna. 

Aecepted fe tor mi thee at special rate of postage provided for in Section 1103, Act of Oct. 3, 1917, 
au jan 


The JOURNAL OF CHEMICAL EDUCATION is the official es of the Division of Contes Education 
and incorporates the Report of the New England Association of Chemistry Teachers, and thi 

of the Pacific South of Chemistry T: It is indexed in the E 

Arts Index, and, in part, in the Quarterly C e Index i 
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Where new products create new careers 


New chemicals . . . new plastics . . . new fibers. Every 
year, Allied research creates new additions to our present 
line of more than three thousand different chemical prod- 
ucts. These new products create new careers—for chem- 
ists, chemistry majors, engineers (chemical, mechanical, 
electrical). These challenging careers with a future are 
found at Allied Chemical’s twelve research laboratories 


and more than one hundred plants throughout the 
United States and Canada. 

Facts about these new products and the careers the, 
create are in a new book, “Allied Chemical and Your 
Future.” Why not write for a copy? You'll find it really 
helpful in answering student inquiries. Address: 

Allied Chemical, Dept.58BR,61 Broadway, New York 6,N.Y. 
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MAJOR BREAKTHROUGH 


_in n instrumental technique... 


The Cathode Ray 


POLAROTRACE 


FOR DIRECT OR DERIVATIVE OPERATION 


SPEEDY DETERMINATION OF CON- 
CENTRATIONS UP TO 1000 TIMES § UNRETOUCHED PHOTOGRAPHS 


LOWER THAN CONVENTIONAL POLAROTRACE 
TYPES OF POLAROGRAPHIC IN- ae 
STRUMENTS! 1 x 10° M ZnCl 


plus 


Here is an entirely new approach 


to the polarographic technique. 0.1M KCl 
Suitable for research or routine operations, the 
simplified control, superior sensitivity and greater 
resolution of the Polarotrace will open new doors 
_ to chemical analysis. Its potentialities for scien- 
tific progress are immeasurable! 


RAPIDITY—The entire polaregram is reproduced on the screen once every 7 seconds, cutting analysis 
time to a fraction. e 


SENSITIVITY—Currents as low as 2.0x10~* amperes full scale may be measured and the peaked nature Mixture of isomeric 
of the waves enables accurate determinations at concentrations of fractions of a nitro-terephthalic acids 
microgram per millilitre. 


GREATER RESOLUTION due to formation of peaked polarograms. 
DERIVATIVE OPERATION is a built-in feature of the Polarotrace. 
DIRECT READING from scale eliminates geometrical construction. 


EASE OF OPERATION—The wave is under virtually continuous operation due to the combined 
effects of the 7-second repetition, high reproducibility and tube after-glow. 


RUGGED DESIGN—The electronic circuitry is housed in a single heavy-duty cabinet, 23"x19"x32”, 
and the component parts are easily accessible for maintenance. 


The Polarotrace is supplied complete with its Electrode Stand which includes a thermostatically-con- 
trolled tank, provision for simultaneous degassing of the three cells and casy means of raising or lowering 
the electrode in the solutions under test. 


Camera attachments are also available. 


Reference: 


8. J. MacNulty, G. F. Reynolds, Our application laboratory is at your disposal to run test specimens. 
E. A. Ferry, ANALYST (1954), Detailed information and prices available upon request. Cat. No. 
79, 190 and 938 JC-83725. 
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You give your students the finest 
instruction they can receive, us- 
ing the best equipment you can 
obtain. When they are using 
Whatman filter products you 
know they are provided with the 
proper tools to achieve the re- 
sults you expect them to get. 
Whatman gives you consistent 
uniformity in speed, retention, 
and ash weight plus special se- 
lection of papers for chromatog- 


raphy and electrophoresis. 
Because 
Have your students seen “Prin- 


your stude a ciples of Chromatography,” a 
deserve the best! ee 16 mm 20 minute sound color 
film? Write Dept. CE for infor- 

mation on how to borrow the film. 


reeve angel 


H. Reeve Angel & Co., Inc. 
52 Duane Street, New York 7, N.Y. 
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$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 


POWER 
BORER 


Designed and manufactured by E. H. Sargent & Co. 


PRECISE 
BORING 
IN SECONDS 


Fast and Easy To Use 
Accurate Smooth Holes—You can bore as many 


Efficient Boring 


holes as the area of the cork or stopper will allow. 


insures Parallel Alignment of Borings 
 Compact—Portable—Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
115 volt, 60 cycle A. C. circuit 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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No longer is it necessary to make stopcocks do the 
work of needle valves. This new unitized valve 
replaces stopcocks in any laboratory apparatus. 
TEFLON tetrafluoroethylene resin rings enable 
the valve to be instantly interchanged with exist- 
ing glass parts. 


Developed by the Manostat Corporation, the 
TEFLON and GLASS NEEDLE VALVE is the 
answer to thousands of requests for a separate 
valve from chemists who have used our needle 
valve burets so successfully. This new instrument 
provides fine needle valve control of liquid flow, 
eliminating annoying stopcock contamination. It 
is one of the most significant developments in 
laboratory flow control history. 


J Designed of glass and plastic, it eliminates com- 
pletely the possibility of breakage: liquid comes in 


contact with only glass and Teflon. Other parts, 


not in contact with liquid, are made of plastic 
which is resistant to acid, alkalis, salts and nearly 
all organic liquids. 


10427 ——Teflon and Glass Needle Valve, large size, 3/i6 
bore, without glass connections, Each 
Per Pkg. of 4... .39.60, Per Case of 24 
10427A—Glass connection tube, Pyrex Band Glass 


10428 —Teflon and Glass Needle Valve, small size, 3/32” 
re, without glass connections, Each 


Per Pkg. of 4... .25.02, Per Case of 24 


10428A—Glass connection tube, Pyrex Brand Glass 
3118C —Macro buret tip.....70, Per Pkg. of 12 
* 3307C —Micro buret tip.....70, Per Pkg. of 12 


A complete line of Laboratory Glassware 
equipped with Manostat Needle Valves is now 
listed in Corning Glass Works catalogue #LG1 


and glass needle valve 


She EMIL, GREINER 


20-265N. MOOREJSTREET ¢ Dept. 222 » NEW YORK 13, NEW YORK 


*Trade-mark ef Du Pont 
Tetrafluoroethylene Resin 
**Patent Applied for 
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TION 


a new radioisotope counting system 


for biological and clinical research 


"Nuclear-Chicago’s DYNACON’ — 
asuring S¥ in gases, |i 


Operator places 250 mi. ion chamber on Dynacon con- 
verter. Sample may be read directly in microcuries or 
dis./sec. on meter and recorder. 


ANIMAL 


12) 


DYNACON 
ELECTROMETER 


RECORDER 


Apparatus for continuous measurement of respired C1402 
from small animals includes glassware, flow-type ion cham- 
ber, Dynacon electrometer, and chart recorder. 


Fine Ressarch Quality. Radiochemicals 


The Model 6000 Dynacon is an outstanding 
new system from Nuclear-Chicago for the bio- 
chemist or scientist measuring soft beta 
emitting isotopes. Combining economy and pre- 
cision with unmatched versatility, it will accept 
and measure gas, liquid, and solid samples 
ranging in activity from a millicurie to a micro- 
microcurie without dilution or absorption 
techniques. It is the ideal instrument for making 
continuous gas flow measurements in plant 
uptake and animal metabolism studies when 
used with the flow-type ion chamber. The 
system’s design provides highest reproduc- 
ibility while eliminating all errors due to coin- 
cidence losses, register losses, or electronic 
drift. Write for full specifications including 
typical biological applications of the new 
Dynacon electrometer. 
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New PYREX brand Student cylinder is strong, accurate and chemically stable. Priced low to help keep budgets in line. 


This New PYREX® graduated cylinder 
is priced low for school budgets 


Now you can provide Pyrex brand “apogee cylin- 
1 


ders for your students for as little as.$1.03 each.* 

This new, low-priced Student cylinder is designed 
specifically for school laboratories. We make it with 
the same care and attention to detail given all our 
Pyrex Labware. But it costs us much less to make so 
we pass the savings on to you. 

It’s supplied in two parts: the PyREx cylinder col- 
umn is accurate, strong and chemically inert; the 
detachable plastic base is sturdy and hex-shaped for 
extra stability. 

You can save money even if a student should break 
this cylinder because the column can be replaced for 
less than the cost of the complete unit. 


Include this cylinder in your next laboratory sup- 
plies requisition—and group all Pyrex Labware to get 
low unit costs through quantity discounts. Check the 
new Pyrex Labware Catalog LG-1 for additional 
glassware designed for student use. If you don’t have 
a copy, we'd be pleased to send one to you. 


*25 ml cylinders are priced as low as $1.03 when included with any 
assortment of 100 packages of Pyrex brand Labware. Ask your dealer 
for complete prices, or write us for Supplement No. 1 to LG-I. 


CORNING GLASS WORKS 
76-5 Crystal Street, Corning, New York 


means research ix Gladd 


re 
... the tested tool of modern research 
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S&S features 
Here’s why your students deserve 1. STANDARDIZATION 


for consistent accuracy — 


Quality Filter Papers 


2. SELECTION 


It is highly important to his career that the student chemist for more precise analysis— 


receive the finest instruction, coupled with highest quality a wide range of types from 
working tools. which to choose. 


For this reason, many professors and teachers of analytical 3. ECONOMY 
chemistry base their laboratory class filtrations upon high the advantages of S&S qual- 
quality S&S Analytical Filter Papers. ity for a few pennies more 


The use of consistently accurate S&S Filter Papers, with their per student, per year. 


standardized physical characteristics and wide range of types, 
permits the adoption of a standardized filtration technique. 


Still, it costs only a penny or two more per student, per year, 
for the advantages of S&S quality and dependability: FREE: make your own tests. 


Send for your S&S Filter Paper 
For the serious student, the establishing of Sampler made up of many 


techniques for a lifetime. grades. 


For the non-chemistry major, a better understanding 
of classroom and laboratory instruction. 
Start your student chemists out right. Specify S&S Analytical 
Filter Papers when you order. Your care will be —— in 
later years. 


Carl Schleicher & Schuell Co. 


Dept. JE-58, KEENE, NEW HAMPSHIRE 
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...THIS IS NO WAY TO LEARN” 
DRIVING A MODERN AUTOMOBILE 


.»» DBUT_HOowW ABOUT YOUR STUDENT BALANCES? 


Are you wasting your own precious time and 
that of your students by having them weigh 


on completely obsolete equipment? 


Thousands of modern high-speed substitution 
balances made by METTLER are in use today in 


research and industrial laboratories. 


The new METTLER multi-purpose balance, type 
H-5, gives you the opportunity to let the students 
learn on the tool they will use later on. Fewer 
units of the compact H-5 balance will do the work 
for you, for two good reasons. It takes very little 
time to learn how to weigh properly on this bal- 


ance and the weighing time itself is cut drastically. 


Write to us today for full informa- 
tion on the new H-5 balance. Bet- 
ter yet, ask us to arrange for dem- 
onstration and trial of this balance. 


TYPE 


MULTI-PURPOSE 
BALANCE 


INSTRUMENT CORPORATION 
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STAINLESS HEATERS 


—NEW THREE-PRONG PLUG FOR SAFE GROUNDING 


—OF STAINLESS STEEL TO RESIST CORROSION 
—KNIFE-TYPE FOR INSTANT HEATING 


In liquid baths—where constant 
and uniform temperature control 
is critical to the success of a labora- 
tory operation . . . you can be sure 
with Cenco Stainless Steel Immer- 
sion Heaters. These new units en- 
able rapid heating and precise bath 
control...may be used in many 
types of liquids. 

The thin sheath gives close 
heater proximity to liquid . . . pro- 
vides rapid heating. The #304 stain- 
less steel sheath resists corrosion 
... assures long heater life. The 
new three-prong plug provides 
greater safety ... meets fire ordi- 
nance and electrical codes. 


Heaters consist of mica strips 


wound with chromel ribbon, insu- 
lated with glass wool and Teflon 
separators, and enclosed in seam- 
less stainless steel sheath. Blade, 
5% inches long by 1% inches wide. 
Overall length, 12%4 inches; diam- 
eter of shank, *% inch. For use on 
115 volts AC or DC. 


No. 16551 oe B c 


Power consumption, watts 125 250 450 


Each $14.00 |$14.50| $15.00 


Also available: 

No. 16581—Three-Wire Rubber Covered Cord (6 ft.) 
provided with 2-prong plug and pigtail ground con- 
nector at one end and open wires at the other end for 
attachment to receptacle of 16551 EACH $2.00 
No. 12222—Improved Cast Aluminum Clamp for sup- 
porting 16551 Heaters on water bath frames, ad- 
justable % to 1%.” EACH $7.45 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory—1718ElIrving Park Road « Chicago 13, Illinois 
Branches and Warehouses—Mountainside, N. J. e Boston e Birmingham 

Central Scientific Co. of California—Santa Clara e« Los Angeles 

Refinery Supply Company—Tulsa « Houston 

Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver « Ottawa 
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Analyze 


quickly and accuratel 


BROMIDE, CHLORIDE AND IODIDE DETERMINATIONS ARE CRITICAL 
in many laboratories and industries. They are important in clinical labo- 
ratories, and for the precise control required in manufacturing photographic 
materials and a broad range of industrial chemicals. 


For the determination of these halides there are many ‘Baker Analyzed’ 
Reagents, each controlled and labelled to assure highest purity. 


For example— 


As a PRECIPITANT IN GRAVIMETRIC DETERMINATIONS or as the TITRANT 
IN THE CLASSICAL VOLHARD AND MOHR METHODS: ‘Baker . Analyzed’ 
Silver Nitrate. The label reports the actual assay—99.7% or higher, and 
the chloride content controlled to 0.001% or less. Critical impurities are 
defined to the decimal, not just maximum limits. Also available for these 
titrations: high purity ‘Baker Analyzed’ Ammonium Thiocyanate and 
Potassium Chromate. 


As a HALIDE REFERENCE STANDARD: ‘Baker Analyzed’ Sodium Chloride. 
The actual assay is 99.5% or higher—iodide (0.002% max.) and bromide 
(0.005% max.) are determined and reported separately. 


Also as HALIDE REFERENCE STANDARDS: ‘Baker Analyzed’ Sodium 
Bromide and Iodide and Potassium Chloride, Bromide and Iodide. 
All of these reagents have the high purity and definition that you need— 
assured through the 10 to 16 determinations reported on the label. i 


ANALYTICAL, RESEARCH AND DEVELOPMENT CHEMISTS. You always can 
depend on ‘Baker Analyzed’ Reagents for higher defined purity. The Actual 
Lot Analysis appears on every ‘Baker Analyzed’ label; the Actual Lot 
Assay on more than 300. 


PHOTOGRAPHIC 
‘INDUSTRY 


In the control of extremely 
sensitive photographic 
emulsions, the photographic 
industry makes use of 
‘Baker Analyzed’ Reagents 
because they meet 
exacting specifications, 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
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with ‘Baker Analyzed’ 


CLINICAL LABORATORIES 


Halides are routinely determined for 
diagnostic purposes. ‘Baker Analyzed’ 
Reagents are commended for their 
suitability in chloride determinations 
in blood, urine, gastric contents and 
other biological fluids. 


THIS IS YOUR LSR* 


...he represents one of the 
90 Laboratory Supply 
Houses which stock and 
distribute Baker laboratory 
chemicals. His job is to help 
you obtain the chemicals, 
equipment, apparatus and 
glassware you need when you 
need them. He brings you 
practical, get-it-done know- 
how, fingertip facts about 
the thousands of items in his 
firm’s warehouses. He gives 
your special problems 
special attention. Call on 
him for help! He’s ready, 
willing and able to serve you! 
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CHEmicar co. PHY 


*LABORATORY SUPPLY REPRESENTATIVE 
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NOW... 


CLEAN AND DRY 
PIPETTES 
WITH THE 
PERFECT PAIR— 


the famous BOEKEL PIPETTE WASHER 
and the new BOEKEL PIPETTE DRYER 


IT’S JUST THIS EASY... 
1. Condition in chromic-acid solution. 
2. Place in Boekel Pipette Washer. 


A continuous supply of fresh, clear water flows 
through the fragile pipettes cleaning them quickly 
and safely. The washing cycle is silent, automatic 
and continuous—operating even with a low volume 
of water. 


Place in Boekel Pipette Dryer. 


Circulating hot air completely evaporates moisture 
from all surfaces of the pipettes. Approximately one 
hour is required for the drying operation. Moisture 
is released through vented top. 

1374—Pipette Washer, stainless steel, 22'/2” high by 6” diameter with 10'/.” 


diameter base. lLacludes stainless steel pipette holder. Will hold pipettes up to 
375 mm. in length. 


#1374 Stainless Steel Washer with Pipette Rack 


1372—Pipette Dr 7, stainless steel, 23'/,” high by 51/2” diameter with pay 
diameter base. ted by 225 watt, 115 volt unit with toggle switch control. 
Neon Pilot light and safety ground plug. 


#1372 Stainless Steel Dryer (without rack) 


ORDER THROUGH YOUR LABORATORY SUPPLIER 


6, PA 
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SATION 


DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. | 


8s. EQUILIBRIUM. OXIDA- 


TION AND REDUCTION 


(Continued from April) 


A. RATE OF REACTION (Continued) 
Effects on rate of reaction (Continued) 


8-8s 


(d) Digestion with ptyalin. Put 3 ml. of 1% starch 
paste in 5 tubes; heat at 40° with dilute saliva, testing for 
hydrolysis with iodine which gives blue with starch, red 
with dextrine, or Fehling’s solution which gives red with 
dextrine. (Pueups, J. H., 12, 346 (1935), from Sch. Sci. 
Rev., 16, 381 (1935).) 

(e) Saliva action. (1) Test starch with a drop of I.-aq.: 
blue. (2) Repeat after starch has been mixed with saliva 
some time: no blue, starch has been changed to sugar. 
(Frutcuey, F. P., Tyter, R. W., and Henpricks, B. C., 
13, 62 (1936).) 

(f) Lipoxidase. In each of two flasks place 200 ml. 
acetone + 400 ml. ethanol + 80 mg. crystalline carotene 
(10% alpha + 90% beta-carotene) + 100 ml. H,O + 3 ml. 
phosphate buffer (60 ml. M/2 NaszHPO, + 40 ml. M/2 
KH,PO,, giving a pH of 6.5) + 5 ml. lipoxidase-aq. (10 g. 
defatted soybean meal + 100 ml.; centrifuge; store the 
supernatant liquid + a few drops of toluene in the icebox, 
stable for a week). The two solutions. will be yellow. 
Add a single drop of oil, soap or fat (cottonseed, hempseed, 
linseed, etc.): lipoxidase catalyzes the formation of per- 
oxides from the soap, fat or fatty acid; the carotene 
decolorizes rapidly. The other mixture remains yellow 
many hours. (Sumner, J. B., 19, 70 (1942).) 


Some reactions 


8-9s 


8-10s Clock reactions. 


Hydrolysis. (a) Of NaCl. Heat NaCl in a Pt crucible to 
1200°C.; add (CARE) 1 ml. HO to the melt: after 20 
secs. 0.5 ml. is evaporated. Allow the dancing drop to 
fall into very dilute neutral litmus-aq.: changes color. 
Cool the salt, dissolve in water: changes red litmus blue. 
(Bruckner, H., 6, 1160 (1929); from Z. phys. chem. 
Unterricht, 41, 92 (1928); described previously by Stieglitz: 
Qualitative Chemical Analysis, Vol. I, page 179, The 
Century Company, 1923.) 

(b) Of Ca(CN)2. Suspend methyl] orange + HgCl. test 
paper in a bottle containing a few granules only of Ca- 
(CN): hydrolysis occurs, the HCN coloring the paper 
dark (POISON). (Horsratu, J. L., 21, 128 (1944).) 

(c) Of BiCl;. Theoretical discussion, no demonstration. 
The values of Kpiciy of 10—*, and of Lgioc: of 2.56 X 
10-*! by one author and 10~'° and 3.2 X 10~** by another; 
either values explain the formation of BiOC] from H,O + 
BiCl;, and the solution of BiOCl by HCl. See Dem. 18-18. 
(McAtping, R. K., 24, 395 (1947).) 

(d) Of dissolved gases. Bubble CO: and SO, into cylin- 
ders ctg. H.O + phenolphthalein indicator + NaOH to 
deep pink; stop bubbling: after a short while the SO, 
decolorizes, the CO, fades slowly. SO: hydrolyzes fast 
since it is angular, and produces a triangular pyramid of 
sulfurous acid with ease; CO, is linear, and rearranges to a 
plane triangle in carbonic acid, requiring high energy 
collision and favorable geometric arrangement on collision. 
(CAMPBELL, J. A., 25, 498 (1948).) 

(a) Indicating. Have students snap 
their fingers at the moment the predicted change is due to 
occur. (Martin, F. D., 29, 294 (1952).) 

(b) H.0.+ 2HI. FormsH.0 + 12. Soln. A: 100 ml. 
3% HO. + 200 ml. H.O. Soln. B: 1 g. KI + 94 ml. 
H.O + 6 ml. N HCl. Soln. C: 1 g. soluble starch + 
100 m].H,0. Mix 0.1 to 10 ml. of A+ 10 ml. B + 1 ml.C. 
+ H:O to make 21 ml. total. Or use 0.1 to 10 ml. B + 
10 ml. of A + 1 ml. C + water to 21 ml. Times for color 


change will be from 10 seconds to 10 minutes. (SEGER, 
W., 8, 166 (1931), from Z. phys. chem. Unterricht, 43, 215 
(1930).) 

(c) HBrO; + HI. Forms HBr + H,O + bh. 
1 g. KBrO; + 88 ml. H-O + 12 ml. N H.SO,. 
1 g. KI + 100 ml. HO. Soln.C: 1 g. soluble starch + 
100 ml. HO. Soln. D: 1 g. FeSO, + 100 ml. HO. 
Vary A and B from 0.1 to 10 ml., adding 10 ml. of Bor A + 
1 ml. of C + water. Also show catalytic effects by adding 
1 ml. of D. Times vary from 15 seconds to 15 minutes. 
(Secer, W., 8, 166 (1931), from Z. phys. chem. Unterricht, 
43, 215 (1930).) 

(d) With fuchsin. (1) Decolorization of fuchsin by 
H.SO;; recipes not given. (2) Production of violet color 
from fuchsin + H,SO; + formaldehyde; recipes not given. 
(Secer, W., 8, 166 (1931), from Z. phys. chem. Unterricht, 
43, 215 (9130).) 

(e) Colloidal S. Glue black letters (e.g. WATCH THE 
LETTERS DISAPPEAR) on a glass cell which will fit in 
a projection lantern; paint the back of the cell with white 
paint or paraffin. In the cell mix 200 ml. N/25 NaS.0;- 
aq. + 20 ml. of 4N, 2N, 1N, or N/2 H.SO,; record how 
long it takes for the letters to disappear at each concentra- 
tion. (ARENSON, S. B., for GarBer, H. J., 17, 514 (1940).) 

(f) Sol from SnCl, + AsCl;. Add SnCh-aq. (amount 
not specified in the article) to the following mixtures: SnCl, 
+ a brown colloidal suspension form. (1) Add 1 drop of 
sat. NasHAsO; in HCl to 24 ml. conc. HCl; to 21 HCl + 
3 H.O; to 18 HCl + 6 H.O; to 14 HCl + 10 H,0. (2) 
Add 1 drop sat. NazHAsO; in HCl + 1 drop 0.04N HgCl: 
to 10, 13, 16, and 19 ml. H.O, then add 14, 11, 8, and 5 ml. 
HCl. (3) Add 1 drop sat. Na,HAsO; in HCl to 14 ml. 
coned. HCl + 10 ml. H.O, and then add 0, 3, 6, 9, and 12 
drops of 0.004N HgCh. (Brown, F. E., 25, 256 (1948).) 

(g) Fe(II) tartrate + iodine. Soln. A: distilled water 
in well-stoppered bottle. Soln.B: 3.77 g. Rochelle salt + 
4.48 NaHCO; + 33.3 ml. ferrous sulfate-aq. (55.6 g. 
FeSO,.7H:.O/liter) + 47 ml. of 1% starch-aq. Soln. C: 
12.7 g. I. + 25 g. Nal + 1000 ml. H,O. Soln. D: 15g. 
Nal/liter. Soln. E: 95% ethanol. React at 30°C. 
50 ml. B + 1 ml. C + the following additions. Reaction 1: 
20 A vs 50 A: 19 vs 17 seconds. Reaction 2: 20 A vs 
20 D: 32 vs 92 seconds. Reaction 3: 50 A vs 50 A + 
20 E: 18 vs 7 seconds. This shows the accelerating 
effect of ethanol and the retarding effect of Nal. 
(SurYARAMAN, M. G., and VIswANATHAN, A., 28, 386 
(1951).) 

(h) Iodine clock (Landolt) reaction. See Dem. 8-2, 8-3, 
8-5). (1) Preserve the sulfite with ethanol and the starch 
with salicylic acid by using the following solutions. Soln. 
A: 0.02M KIO;. Soln. B: 5 g. starch in 100 ml. hot 
water + 1.26 g. NasSO; + 10 ml. ethanol + 1 g. salicylic 
acid + 900 ml. H-O + 5 ml. of 6M H,SO,. Mix 100 ml. B 
with 500 ml. HO, and to this add 35 ml. A + 65 ml. H,O, 
or 50 ml. A + 50 mi. H,O, or 75 ml. A + 25 ml. H,0O, or 
100 ml. A. Record different times for blue flash to occur. 
(Conway, W. J., 17, 398 (1940).) (2) Run the iodine 
clock at room temperature and at 35°C.: normal tem- 
perature coefficient. With 10 g. Na.SO,/liter of reactant: 
negative temperature coefficient. With 3 ml. oil of winter- 
green/liter of reactants: no effect. (Kiem, L. H., 28, 
587 (1951); See also Dem. 8-6s(c). 

(i) Formaldehyde clocks. Soln. A: 0.3 M formaldehyde. 
Soln. B: 0.2 M NaHSO; + 0.05 M NaSO; + phenol- 
phthalein or thymolphthalein. (1) Mix equal volumes of 
A and B: reaction changes between pH 9.3-10.5, varying 
with reactant concentrations. (2) Use different tem- 
peratures. (3) Use 0.02M Cd(NO;)2, phenolphthalein, 
and thymolphthalein: turns white, red, and _ blue. 
(Barrett, R. L., 32, 78 (1955).) 

(j) KI + persulfate. Mix 0.1M (NH,)S.Os, ammonium 
persulfate, with 0.2M KI: turns dark gradually, compare 


Soln. A: 
Soln. B: 


|_| 
| 
| 
| 
| 
| 
| 
| 
} 
| 


with 0.001M I, + 0.03M KlI-aq. standard. (Evans, 
G. G., 29, 139 (1952).) 


B. IRREVERSIBLE REACTIONS 


REVERSIBLE REACTIONS. SHIFTING EQUILIBRIUM 


Models illustrating chemical equilibrium 


8-lls 


8-138 


Pumping liquids. (1) Colored water, pumped into a 
vertical pipe (P), flows out at the top through holes in P 
into a reservoir (R); from here it is returned to the pump. 
A manometer attached to P shows that P/R reaches a 
constant value, or equilibrium. By-passing the pump 
lessens the water reaching P, and a new P/R equilibrium 
establishes itself. (Also a reaction velocity can be illus- 
trated.) (Raxestraw, N. W., 3, 450 (1926).) (2) Two 
36 X 1.5 cm. tubes are fastened in the upper left and lower 
right corners of an 85 cm. vertical board. Prussian blue 
solution in the upper tube drips out of a 6mm. tubing in the 
bottom, at a rate controlled by a stopcock, into the lower 
tube; the liquid is pumped into the upper reservoir by 
means of a lift-pump (diagram in article) at a rate also 
controlled by a stopcock. (a) Dynamic equilibrium is 
reached at levels depending on the two rates. (b) Reac- 
tion is driven to completion by removing one of the prod- 
ucts. (Karns, G. M., 4, 1431 (1927).) 

Pouring liquids. Lecturer and his assistant work at cross- 
purposes dipping water from one of two large bowls into 
each other: equilibrium is obtained when the water 
levels in the dishes remain constant. Different rates are 
simulated by different size dippers. (Sorum, C. H., 25, 
489 (1948). In 27, 542 (1950) Herep, W., cites this as a 
poor demonstration. Atyga: do not take the objection 
very seriously.) 

Wood blocks. See article. Sets of wood blocks moved 
about to illustrate chemical equilibrium based on statistics 
of collisions. StaBauan, W. H., 26, 430 (1949).) 


Molecular equilibria 


General. A student exercise including (a) irreversible 
reaction: Agt + Cl-, (b) reversible reaction: CO: into 


8-14s 


8-16s 


limewater and the product heated. (c) neutralization: 
acid + base. (d) shifting equilibrium: Dem. 8-10. (e) 
Hydrolysis: Dem. 18-18; reaction of litmus to Na2CO;- 
aq., NaHCO -aq., CuSQ,-aq., NaCl-aq.; (NH4)2CO;-aq. 
heated; and NH; and CO: identified. (Exsurn, L. P., 12, 
324 (1935).) 

Effect of concentration (pressure) 

(a) CoCl.xH20. Drop lumps of anhydrous CaCl, into 
200 ml. cold red sat. CoCl.-aq.: the lower portion turns 
blue due to removal of water. CoCl:.xH:O (red) forms 
CoCl:.(x-y )H20 (blue). (Sorum, C. H., 5, 1287 (1928).) 

(b) NOs. (1) Slightly evacuate a tube yellow with 
NO:: momentarily becomes pale, then color restores as 
N20, (colorless) dissociates to restore the NO, (red). 
(Van Praaau, G., 10, 190 (1933) from Sch. Sci. Rev., 14, 
201, 1932).) (2)See article for diagram of all-glass manom- 
eter and data on measuring the NO2—N,0O, equilibrium. 
(Putpps, T. E., SpeauMAN, M. L., and T. G., 12, 
318 (1935).) (3) Warm one limb of tube containing NO» 
+ N.0,: darkens as more NO, forms. (See Dem. 8-13). 
(Angus, L. H., 29, 472 (1952).) 

Effect of temperature 

(a) CoCh.xH.O. (1) Boil 200 ml. cold sat. CoCl-aq.: 
the cherry-red solution turns blue. Pour into a 1.5 x 60 
cm. tube; place the lower quarter in salt-ice bath and 
heat the upper portion: lower end red, upper portion blue. 
(Sorum, C. H., 5, 1287 (1928), see Dem. 8-15s (a).) 
CoCl,—~ (blue) + 6 H:O = Co(H.0).~~- (red) + 4 Cl- 

(2) Dissolve 0.2 Cle.6H:O + 100 ml. 95% ethanol; then 
add water slowly till the blue solution just turns pink. 
Seal in 2 ampouls. Heat one: it turns blue; (Brown, 
J. A., 28, 640 (1951).) 

(b) SO;. See article for diagram and details for generat- 
ing SO; from fuming H,SO, + P:O,, purifying it, and sealing 
the SO; in 7 mm. dia. tubes. Place one of these tubes 
containing a weighed amount of SO; in a 500 ml. round- 
bottomed Pyrex flask with 10 cm. neck; draw out the 
upper part of the neck to a capillary, the upper 2 cms. bent 
at right angles; leave open. Weigh flask and contents. 
Place in furnace and raise temperature; the tiny tube soon 


bursts and the SO; evaporates, establishing an equilibrium 
ratio with SO. + Ov. When the furnace reaches 500- 
600°C. seal off the capillary, noting temperature of furnace, 
cool to room temperature, weigh, measure volume of gas in 
flask. Calculate from these data the degree of dissociation 
of SO;. (Brown, E. H., 10, 119 (1933).) 

Effect of light. Mix 5 ml. 0.5% fresh sodium nitro- 
prusside-aq. + 5 ml. sat. NaHCO;-aq. + 5 ml. 0.5% 
thiourea-aq. Turns blue in a few minutes in sunlight; 
this turns to crimson when left exposed to air for six hours. 
Cycle can be repeated a dozen times. See article for tests 
with these three solutions. (Grors, I. W., and BARNErr, 
J. H., 10, 43 (1933).) 


Tonic equilibria 
8-18s Common ion effect 


(a) To 0.5 ml. 30% USP HOAc + 100 ml. H2O add a 
few drops of methyl red indicator: violet-red color. 
Now add crystals of NaOAc: OAc~ common ion sup- 
presses the H* turning indicator yellow. (Skinner, S. A., 
5, 279 (1928).) 

(b) Two iron rods, connected with a 60-watt, 110 a.c. 
lamp, reach to the bottom of a 500 ml. cylinder. (1) 
Lower the rods into 150 ml. of 0.0006N NaOH + phenol- 
phthalein indicator: the lamp glows. On top of this slide 
a rubber stopper with a smaller stopper in its center, and 
pour 150 ml. of 0.0006N HCl: the lamp glows still 
brighter. Now push out the inner stopper and mix the 
solutions: the lamp dims, since only Nat, Cl-, and un- 
ionized H,O form. (2) Repeat, using 0.02N Ba(OH), + 
phenolphthalein and 0.02N H:SO,: upon mixing, BaSO, 
and H.O form and the lamp goes out. (3) Repeat using 
0.003N NH,OH and 0.003N HOAc: the lamp is initialy 
dim, but glows brightly when, upon mixing, highly ionized 
NH,* + Ac~ form. (Srone, H. W., 7, 2722 (1930).) In 
8, 163 (1931) SHaw, J. gives the following supplementary 
instructions to this demonstration. Make up the following 
solutions, using distilled water; mix A with B, C with D, 
and E with F, and test in the above apparatus. Soln. A: 
1 g. USP NaOH sticks +- 100 ml. H,O; add 50 drops of this 
to 150 ml. H,O. Soln. B: 5 ml. 35.4-37.5% HCl + 50 
ml]. H,O: add 25 drops of this to 150 ml. water. Soln. C: 
Saturate at 20°C. with Ba(OH). crystals and filter; 
add 20 ml. of this to 140 ml. HO. Soln. D: Nine drops of 
94.2-95.6% H2SO, to 150 ml. H,0. Soln. E: six drops of 
28-29% NH; to 150 ml. H:O. Soln. F: six drops 30 
HOAc to 150 ml. H,0. 

(c) Upon 40 g. powdered CaCO; in each of two 4 X 15” 
cylinders pour, simultaneously (1) 200 ml. of 2N HOAc 
and (2) 200 ml. of 2N HOAc saturated with NaOdAc: 
the H+ concentration is so low in (2) due to the common 
OAc~ ion that evolution of gas is very slow. (WALTON, 
J. H., 8, 303 (1931).) Sorum, C. H. 25, 489 (1948) 
describes this same demonstration, using 150 ml. dry 
precipitated CaCO;, 200 ml. 2N HOAc, and 200 ml. 2N 
HOAc + 30 ml. NaOAc crystals. He points out that 
although reaction is slower in (2), the foam is equal in both 
completion of reaction, since the equilibrium in (2) shifts 
continuously, ultimately making the same quantity of H* 
available as in (1). 

(d) Mix a crystal of KI + 25 ml. H.O + 10 drops 5% 
chloramine T-aq.: an equilibrium I, + 20H- @ I- + 
OI- + H.O is established, the solution is colorless. Now 
add solid NaOAc: the equilibrium shifts to the left due 
to the removal of OH~, and cherry-red I; precipitates. 
(GERSTENZANG, E. M., 8, 1522 (1931).) 

(e) CuBr, Add crystals of KI to CuBre-aq.: solution 
darkens as though more brown CuBr: formed. That this 
is not so is shown by adding solid NaOAc, or Cu(OAc)s, or 
CuClk: the solution grows lighter, not darker. The 
equilibrium CuBr. (brown) Cu+t+ (blue) + 2 is 
fictitious; see article for explanation in terms of Werner 
complex ions, too advanced for beginners. (WHITEHEAD, 
T. H., 9, 1457 (1932).) Anya: reinterpret Dem. 6-8. 

(f) Fe(CNS)*+*. (1) See Dem. 8-10. (2) Decolorizing 
by NH,Cl is a salt effect. (Dusots, R., 14, 324 (1937).) 
(3) All these exist: FeSCN++, and Fe(SCN),+, and 
Fe(SCN),-. (Lew, S. Z., and R. S., 30, 445 
(1953).) 

(Topics 8s will be continued in June) 
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How Bz.A meets your needs for 


BORON TRIFLUORIDE 


Gas and Complexes 


With large-scale production .. . 
Baker & Adamson has long been the 
leader in production of BF; gas— 
shipping this versatile catalyst in 
large trailer trucks like those you see 
being loaded above. B&A pioneered 
this method of shipment and today 
has a fleet of these trucks always on 
the road, serving the needs of the 
process industries. 


With reference data . . . Baker & 
Adamson has compiled a consider- 
able amount of reference data on the 
applications of Boron Fluoride gas 
and complexes. Boron Fluoride’s 
wide range of applications and its 
cost-cutting production advantages— 
such as its ease of catalyst removal— 


make ita factor to be considered in al- 
most any organic synthesis problem. 


Mail coupon today—for technical 
data on properties and typical uses 
of B&A Boron Trifluoride gas or any 
of the complexes listed below. Attach 
company letterhead, please. 


Boron Fluoride Ether (Diethyl) Complex 
Boron Fluoride Phenol Complex 

Boron Fluoride Diacetic Acid Complex 
Boron Fluoride Di-n-Buty! Ether Complex 
Boron Fluoride Dihydrate 

Boron Fluoride Ethyl “Cellosolve” Complex 
Boron Fluoride Hexamethylenetetramine Complex 
Boron Fluoride Monoethylamine Complex 
Boron Fluoride Para-creso!l Complex 

Boron Fluoride Triethanolamine Complex 
Boron Fluoride Urea Complex 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N.Y. 
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GENERAL CHEMICAL DIVISION 

40 Rector Street, New York 6,N. Y. JCE-5 

(0 Please send general information 
on properties and uses of Boron 
Trifluoride gas 


complex 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


NEW EQUIPMENT AND 
APPARATUS 


p> A new balance beam, described as the 
first new basic design in beams in 150 
years, has just been introduced by Voland 


and Sons, Inc., 32 Relyea Place, New 
Rochelle, New York. This beam, the 
result of an intensive 5-year research and 
development program, was specifically 
designed to eliminate the defects inherent 
in traditional beams. 


TO HANDLE 


NON-TOXIC 


At your laboratory supply house U. s. ST 


TUBING 


AND SMOOTH 


EASY TO COUPLE 


EWARE 


AKRON 9, OHIO 


> Great convenience and safety for 
laboratory and experimental set-ups is 
offered by a new device that provides from 
any single a.-c. outlet, five overload- 
protected and safety-grounded a.-c. out- 
lets. Contact Arthur S. LaPine and C..., 
6001 S. Knox Ave., Chicago 29, Illinois. 


p> The Oscar Fisher Co., Inc., P. O. Box 
426, Newburgh, New York, has develop:.d 
and is now producing the temperature 
control unit that makes it possible to o}- 
tain water at a desired temperature with a 
plus-minus (+) variation of only !/,°F. 


p> American Vulcathene, Box 365, Roch- 
ester 2, New York, offers a complete 
line of Vulcathene-polyethylene ‘“Olyim- 
pic’? waste traps (non-corrosive, acid- 
resistant) for stock shipment. 


p> A new two-section high-accuracy vari- 
able-range humidity recorder-controller 
is now available from Serdex, Inc., 12 
Bewdin Square, Boston 14, Massachuseits. 


> Repeat Cycle Timer, designated Model 
No. 5, is now available with calibrated 
Off and On Cycle controls. Off Cyele is 
adjustable in 12 steps from 1 to 300 
seconds. On Cycle is adjustable con- 
tinuously from 0.1 to 10 seconds. Avail- 
able from G. C. Wilson & Co., Hunting- 
ton, West Virginia. 


> Hoke, Inc., 1368. Dean St., Englewood, 
New Jersey, announced a new, complete 
range of filtering elements made of either 
sintered bronze or 316 stainless steel to 
meet any filtering requirements. 


> A new all-purpose close-coupled Teflon 
and Kel-F pump, the Vanton pump, made 
without stuffing box or shaft seals that 
might leak, contaminate, or require 
maintenance, is being exclusively distrib- 
uted by the Manostat Corp., 20-26 No. 
Moore St., New York 13, N. Y. 


> Burrell Corp., 2223 Fifth Ave., Pitts- 
burgh 19, Pennsylvania, has announced 
introduction of a new research model 
Fr .«0-Tog for the application of gas and 
vapor chrematography to materials that 
boil up to 475°C. and higher, including 
fatty acids, and other compounds wit! as 
many as 36 carbon atoms. 


i» Wayne Kerr Instruments, P. 0. Box 
301, Philadelphia 5, Pennsylvania, an- 
ounce’. the availability of a new Compo- 
aent “ridge, Type B-521, employing the 
cansformer ratio arm principle designed 
vo provide accurate direct measurement 
over an extremely wide range of resistance, 
capacitance, and inductance. 


p> A unique, precision Dual Rate Mcter, 
Model 412, is now available from Buird- 
Atomic, Inc., 33 University Rd., (am- 
bridge 38, Massachusetts. This premium 
log and linear multi-range rate met«r, 1s 
extremely useful for fast quantit«tive 
analysis of medical or industrial sam))les, 
as well as for reactor monitoring. 


> Cahn Instrument Co., 14511 | 
mount Blvd., Paramount, Californi: has 
added a Range Selector to their El: tro- 
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Editor's 


palance so that the operator can set the 
balance for the exact range of operation 


desired. 
NEW LITERATURE 


@ Copies of the handbook, Reynolds 
Aliminum Chemicals, are available to 
those interested in their applications to 
industry from Reynolds Metals Co., 2500 
So. Third St., Louisville 1, Kentucky. 


@ Uhe Evolution of a Lump of Clay is a 
fine story of scientific and industrial porce- 
lain as produced by the Coors Porcelain 
Co., Golden, Colorado. Copies are avail- 
able. 


@ Copies of Corning Research, a well 
illustrated booklet on the field, has been 
published by the Corning Glass Works. 
Copies may be secured from Dr. H. R. 
Kiehl, Associate Director, Research and 
Development, Corning, New York. 


@ Literature describing the Schallfix 
laboratory equipment, part of United 
Specialties Co., 9705 Cottage Grove Ave., 
Chicago 28, Illinois’ sonic sifting and filter- 
ing line which makes use of the sonic 
principle for mixing, beating, stirring, 
emulsifying, dissolving, and sifting ma- 
terials in the laboratory, is available on 
request. 


@ Hoke, Inc., 136 So. Dean St., Engle- 
wood, New Jersey, announces the issuance 
of a new catalogue covering a comprehen- 
sive line of small valves to fulfill wide- 
range requirements in instrumentation, 
design, chemical processing, nucleonics, 
and general industries. The catalogue 
is keyed, MV-957 and titled, Fluid Con- 
trol Products. 


@ Product of Atlas describing briefly the 
company, its major products and their 
uses may be requested from the Public 
Relations Dept., Atlas Powder Co., 
Wilmington 99, Delaware. 


@ A six-page Bulletin, No. 2295, describ- 
ing the Aminco Absolute Light-Scattering 
Photometer, a new instrument which 
Measures turbidity, dissymmetry, de- 
polarization, and angular scattering, is 
now available from the American Instru- 
ment Company of Silver Spring, Maryland. 


@ Typical properties and reactions of 
methacrylonitrile and a discussion of 
the characteristics of polymethacryloni- 
trile in a variety of end-use applications 
are set forth in a technical data report, 
TR1D-N-103, by Eastman Chemical Prod- 
ucts, Ine., subsidiary of Eastman Kodak 
Co., Kingsport, Tennessee. 


@ Volume 3, No. 5, 1958 Iodine, Ab- 
stracts and Reviews, may be obtained from 
the Chilean Iodine Educational Bureau, 
Inc., 120 Broadway, New York 5, N. Y. 


@ \ new catalogue, Bulletin 725, of sam- 
pling equipment and other accessories for 


(Continued on page A220) 
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Rapid Leveling—Fine Adjustment— 
Graduations Engine Divided for 
Uniformity and Accuracy 


Vertical Range 
Smallest Reading by Vernier.......... 0.05 mm 
Telescope 
Working Distance 
Angular Magnification 12X at 45 cm 
8X at Infinity 
90-degree crosshairs 


is intended for measurements and ob- 
servations in both industrial and educational laboratories 
wherever an inexpensive instrument of good precision is 
needed. It is rigidly constructed and every essential ad- 
justment can be made simply and positively. 


The telescope is mounted horizontally on a carriage which 
may be moved up or down or around the 30-mm vertical 
rod. A tangent-screw adjustment permits precise leveling 
and a sensitive elevation adjustment is incorporated in the 
carriage. An auxiliary level in the base greatly acceler- 
ates the leveling process. 

No. 68A—Each $247.50 


Full-length Plastic Cover and Set of Instructions included. 
Write for descriptive circular. 


W. M. WELCH SCIENTIFIC COMPANY 


Division of W. M. Welch Manufacturing Company 
ESTABLISHED 1880 


1515 Sedgwick St. Dept. D-1, CHICAGO 10, ILL, U.S.A 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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The Mathes 
Compressed Gases and Regulators 


For special atmospheres; instrument calibration; 
simulated process gases; leak detection; sterili- 
zation; nuclear counter mixtures and many other 
special applications. 


Gas Mixtures 


Our complete stock of 76 gases assures you of the 
ready availability of any type of gas mixture, 
compounded to your exact specifications. Five 
cylinder sizes. 


Is there a job in your plant that Matheson Gas 
Mixtures can do better? Our Sales Engineering 
Department will be glad to offer suggestions. 
Write for our Gas Catalog listing Gas Mixture 
Services, Regulators, Valves, Flowmeters and 
Accessories. 


Company, Inc. 


East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 
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METALAB 


for CLASSROOM LABORATORIES 


@ > With these 4-Star reatures: 
ve VERSATILE 
ra WS vy ADVANCED DESIGN 
“LONG LASTING 


Ca = A well-planned Classroom Laboratory does not materialize 
~< out of “thin air’. Let the METALAB Engineering Staff design 
~ an economical installation which will render superior serv- 

ice in every respect. Do not hesitate to call on us to solve 


your laboratory problem without any obligation to you. 


Designed for interchangeability — which facilitates 
additions and modifications in accordance with future 


laboratory requirements. Here are a few selected units from our 
complete line of school laboratory 


equipment: 


e Economical and rugged — METALAB equip- 
ment withstands hard use and abuse in 
busy classrooms — resulting in long last- 
ing and versatile installations. 


7000 Series > 
Multi-Purpose Tables 


These units were designed so that 
Wall Base Cabinets and Storage Units 
may be combined into one integral | 
group. This permits many students to 
work efficiently in a limited area. 
Open and Closed Storage Units can § 
be interchanged with a variety of 


<j] 5000 Series 
Student Science Desks: 


These units are ideal for a 4-Student-4-Class 
arrangement. Each student has easy access 
to all service fixtures, and is provided an in- 
dividual drawer. The unobstructed working 
surface and handy notebook compartment 
allow for better experimental student work. 


8000 Series > 
Labmaker Service Center: 


This Laboratory Service Center has a 

fixed fittings service center with water, 

electric, gas, and air fixtures. Portable 

METALAB classroom tables may be moved or re- 

moved for demonstrations, experiments, and 
ns. 


METALAB HAS AVAILABLE A COMPLETE LINE OF SCHOOL 
LABORATORY EQUIPMENT & FURNITURE IN METAL & WOOD! 


Sectional Storage Units 
® Radioactive Equipment 
© Special Laboratory Fixtures and Fittings 


© Instructors and Students Desks 

© Chemistry, Biology and Students Tables 

@ Open and Closed Type Chemical Fume Hoods 
© Storage Cases and Cabinets © Acid-Proof Sinks 

@ Home Economics Equipment © Dark Room and Developing Tables. 


We would appreciate your writing to Dept. A for any information you desire on laboratory equip- 
ment. Our comprehensive catalogs on Schoo! Laboratory equipment will be sent to you promptly. 


OUT OF THE 
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METALAB Came 


-OF NORBUTE CORPORAT N 


240 Duffy Avenue 


ISLAND: NEW 


oVitte, 


the Beckman IR-4 Infrared Spectrop)io- 
tometer is now available from the Be:k- 
man Scientific Instruments Division, F )- 
lerton, California. 


@ Hoffman-LaRoche, Inc., Roche Park, 
Nutley 10, New Jersey, has publishec: 4 
pamphlet, The Story of Nature’s Yellow, 
Beta Carotene, which |provides import:.nt 
information for anyone interested in food 
and nutrition. 


@ A new 16-page pocket-sized cataloue 
and buying guide describing the compicte 
line of Adams centrifuges has been p ib- 
lished by Clay-Adams, Inc., 141 E. 25th 
St., New York 10, N. Y., manufacturers 
of laboratory equipment and supplies. 


@ An excellent packing handbook, #.1D- 
162, which details a wide variety of pack- 
ings, gaskets, and seals and their materials 
of construction and uses, has been pub- 
lished by The Garlock Packing Co., 422 
Main St., Palmyra, New York. 

@ Application and physical property 
data on all plastics produced >y the 
Naugatuck Chemical Division, United 
States Rubber Co., 1230 Avenue of the 
Americas, New York 20, N. Y., is con- 
densed in a new 8-page booklet just pub- 
lished by the division. 


@ A new 6-page Norelco folder titled A 
High-Resolution PMR X-ray Microscope 
with Electron Microscope Conversion is 
available from the Instruments Division, 
Philips Electronics, Inc., 750 So. Fulton 
Ave., Mount Vernon, New York. 


@ The new Bausch & Lomb Optical Parts 
Catalogue L-117 makes it easy for you to 
describe your optical needs. Write to 
Bausch & Lomb Optical Co., Rochester 2, 
New York for a copy. 


@ A new technical bulletin on the Micro- 
nizer is offered by Sturtevant Mill Co., of 
Harrison Square, Boston 22, Massa- 
chusetts by requesting Bulletin 091. 


@ Oxweld industrial gas regulators are 
described and illustrated in a 20-pa,e 
catalogue available from Linde Co., 30 
E. 42nd St., New York 17, N. Y. 


@ The Matheson Coleman and Bell 
Division of The Matheson Company Inc., 
has just released their new 162-page 
Chemical catalogue listing over 400() fine 
organics, inorganic reagents, indic:tors, 
and stains. New items are listed. in- 
cluding the new MC&B line of spectro- 
quality solvents. The new MC&B cata- 
logue is available from Matheson Col«man 
& Bell, 2909 Highland Ave., Norwoo:! 12, 
Ohio. 


@ A new bulletin describes the Co! man 
Electronic Photofluorometer, Mode! |2C, 
which is used for the accurate me: -ure- 
ment of Vitamins, Quinine, Ata’ rine, 
Fluorescein, Porphyrins, Steroids, | te 


(Continued on page A223) 
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... laboratory glassware that shrugs off heat shock and chemical attack 


New Knsax “hard” glass apparatus offers 
exceptional resistance to heat shock, 
mechanical shock and chemical attack. 
And it’s easy to repair and modify . . . 
can be sealed to your present borosili- 
cate apparatus. 


24005 EXTRACTION APPARATUS. Condenser 
jackets and exterior bodies are made of 
heavy, uniform tubing for greater strength. 
In new design vapor by-pass channel pro- 
tects siphon tube. Interchangeable with 
other makes. In 30, 38, 50mm sizes. 


25055 BOILING FLASK. Made to withstand 
severe thermal shock. Finely ground joints 
provide vapor-tight fit when used with ex- 
traction apparatus. Flat bottom adds sta- 


bility. In 125, 250, and 500 ml capacities. 
16040 CONNECTING BULB. Lower tube fits 
special Kjeldahl stopper. Inside tips de- 
signed for unrestricted counterflow of liq- 
uids and vapors. Glazed tips and uniform 
tubing provide extra strength. Two bulb 
sizes, 45 and 55mm. 

26505 ERLENMEYER FLASK. First to be made 
available with screw-cap finish. Useful for 
mixing and storing culture media and for 
many chemical purposes. Supplied with 
caps. Available in 125, 250, 500, and 1000 
ml capacities. 

29048 SEPARATORY FUNNEL. Large neck 
openings and sloping shoulders permit easy 
cleaning. Stems are sized to permit liquid 
column to break and drain after shut-off. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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Stopper hand-lapped to neck for leak- 
proof fit. In 60, 125, 250, 500, 1000 ml 
capacities. 

27400 KJELDAHL FLASK. Necks tooled to in- 
sure accurate stopper fit. Reinforcing beads 
at top and uniform walls minimize breakage. 
Chemical resistance of KG-33 glass greatly 
reduces etching. Seven sizes, from 10 ml 
capacity to 800 ml. 


Krmax enables Kimble to offer greater 
savings because of its more complete 
line. Ask your dealer about quantity dis- 
counts. Kimble Glass Company, your 
most complete source of laboratory glass- 
ware, is a subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


OweEns-ILLINOIS 


GENERAL OFFICES « TOLEDO 1, OHIO 
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Opens New Fields of Research and Control... 


a 


Ainsworth Type AU-I Recorder 


The recorder is operated by a balanced bridge, so 
the reproducibility of the recording balance is not 
affected by variations in line voltage, tube characteris- 
tics, temperature, air pressure, or length of run, nor by 


e thermogravimetric analysis 


e investigation of 

EVAPORATION, ABSORPTION, CORROSION, OXIDATION, 
DECOMPOSITION ...and other reactions in which weight-vs-time 
or weight-vs-temperature (or other factor) is significant. 


Ainsworth Type BR Analytical Balance 


nearby magnetic fields or materials, or residual magne- 
tism in the system. The recorder is “standardized” con- 
tinuously without batteries, and no recalibration is 
required when tubes are replaced. 


WRITE FOR 
BULLETIN 158 


— 
> 
i 
WOIRTHHE & SONS, ING 
| 2051 LAWRENCE STREET DENVER 5, COLORADO 
STREET + [ 5, Cl 
| 


JATION, 
yht-vs-time 


AINSWORTH 


RECORD-A-WEIGH 


Shows 
Instantaneous 
Weight and Rate 
of Change 


This new laboratory instrument com- 
bines the range and accuracy of the 
Ainsworth Analytical Balance with a 
continuous record and automatic 
operation. 


Records weight changes for long or 
short periods on a chart 11” wide 
representing 110 mg. Accuracy and 
readability are plus or minus 1/10 
mg. Capacity 200 grams. 


Automatically adds or subtracts 
weights as required to rescale re- 
corder pen. Range of automatically 
controlled weights is 4 grams. This 
is 40 chart widths—and the record- 
ing is linear all the way. 


Samples can be placed on the balance 
pan or suspended in a controlled 
environment, above or below the 
balance. 


Research 
and development 


of new instruments like this, 
are made possible by 
your purchase of products 


“MADE IN U.S.A." 


WM. AINSWORTH & SONS, INC. 
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cholamines, metal complexes, and other 
compounds measurable by fluorescence. 

A schematic diagram shows how ultra- 
violet light is used to make the sample 
emit fluorescent light which is measured 
by a photoelectric system. The bulletin 
discusses the high sensitivity and drift- 
free operation of the Photofluorometer 
and details the sample holders and optical 
filters available. 

Write for Bulletin B-245 Coleman 
Instruments Co., 318 W. Madison St., 
Maywood, Illinois. 


MISCELLANY 


% The Atomic Industrial Forum reports 
that nearly 200 industrial firms started 
using radioactive byproduct materials 
for the first time in 1957. The year’s 
additions brought the total of using in- 
dustries in the U. S. up to 1316. These 
firms are currently using these new atomic 
energy tools in 1820 different installations. 

Of the 1957 new users, 65 of the firms 
obtained them for gauging operations while 
59 used them in radiographic inspection 
work. These two uses still lead all others, 
with 510 firms now using radioisotopes in 
gauging and 432 firms using them in 
radiography. 


% Earth for the Layman by Mark Pang- 
barn, Jr., is available from the American 
Geological Institute, 2101 Constitution 
Ave., N. W., Washington 25, D.C. This 
is a selected, annotated bibliography of the 
earth sciences, designed to help teacher, 
librarian, student, hobbyist, and the na- 
ture-loving public to find suitable reading 
material in the fields of geology, mining, 
oil, and map-making. 


* John M. Stalnaker, President of the 
National Merit Scholarship Corp., has 
announced that the urgent need for more 
and better trained people has influenced 
their scholarship competition. He hopes 
that the testing of juniors in high school 
during the 1958-9 year will help identify 
and encourage those who were not con- 
templating college early enough so that 
this talent loss will not occur. 


% Toward a Healthier World—Your 
Career in Sanitary Engineering is the 
first comprehensive brochure describing 
this field. Copies may be obtained from 
the Regional Offices of the U. 8S. Depart- 
ment of Health, Education, and Welfare 
or the Division of Sanitary Engineering 
Services, U. 8S. Public Health Service, 
Washington 25, D. C. 


% More than 250 English translations of 
research papers by Soviet pharmaceutical 
chemists which appeared in Soviet chemi- 
cal journals from 1949-1955 will be issued 
as a collection by Consultants Bureau, 
Inc., 227 W. 17th St., New York 11, N. Y., 
publisher of English translations of Soviet 
chemical journals. The Collection, en- 
titled Soviet Research in Pharmaceutical 
Chemistry, 1949-1955, will be available 
in April, 1958, at $200. The papers in- 


cluded originally appeared in the Journal 
of General Chemistry of the U.S.S.R., 
Journal of Applied Chemistry of the 
US.S.R., or Bulletin of Academy of 
Sciences of the U.S.S.R., Division of 
Chemical Science. 


%* Effective immediately, the names of 
two Library of Congress monthly publica- 
tions, which serve as keys to new litera- 
ture coming into this country from the 
U.S.S.R. and East Europe, will be changed 
from Lists to Indexes. The purpose of the 
change is to indicate to scientists and other 
scholars not familiar with the monthlies 
tat they are more than mere “booklists”’ 
and that they contain information about 
the content of new Russian and East 
European books and articles. 

The Monthly List of Russian Accessions, 
which enters its 11th year of publication 
in April, 1958, becomes the Monthly Index 
of Russian Accessions. The Government 
Printing Office sells it for $12 a year 
($15 abroad). 

The East European Accessions List, 
published since 1951, becomes the Easé 
European Accessions Index. The GPO 
sells it for $10 a year ($12.50 abroad). 

The change in the names of the two 
bibliographies does not mean a change in 
the editorial content of either one. It 
should also be noted that they contain 
information about the content of books 
and articles, not translations of entire 
books and articles. 

The indexes are of particular value to 
the scientist. For example, 54 per cent 
of the books and periodicals reported in 
volume 9 (April 1956-March 1957) of 
the Monthly Index of Russian Accessions 
were in the field of science and technology. 


* The National Bureau of Standards has 
completed a study of the electric potential 
needed to protect steel cathodically from 
corrosion in salt water. Data obtained 
under controlled laboratory conditions 
are expected to provide a basis for han- 
dling similar problems encountered under 
marine conditions. It was found that the 
best degree of protection was achieved 
when the specimens were held at minus 
0.77 volt with reference to a saturated 
calomel electrode. 

Normal corrosion of iron and steel is 
an electrochemical phenomenon. When 
metal is exposed to salt water, differences 
in electric potential develop at the surface 
of the metal, resulting in the formation of 
numerous small corrosion cells. This 
action causes destructive alteration of 
areas, known as anodes, on the metal 
surface where metallic ions enter the elec- 
trolyte. In applying cathodic protection, 
direct current from an external source is 
caused to flow from an auxiliary anode 
toward the corroding surface. This pre- 
vents positive metal ions from entering 
the electrolyte. 


% The availability of radioisotopes and 
radiation from nuclear reactors and high- 
energy accelerators has opened vast new 
areas of research and brought important 
technological advances in industry and 
medicine. To review basic aspects of the 
production and use of radioisotopes and 
radiation and to survey recent advances, a 


(Continued on page A225) 
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DIAL SPEED STIRRER 


e CONSTANT TORQUE AT ANY SPEED 


GOVERNOR CONTROL 
EXPLOSION SAFE 


Low speed range, 80 to 1200 rpm 


Three Speed Ranges Available! i 


Large gredvated speed reference dial permits 
setting and resetting to desired speed while 
motor is running. 


DAIGGER UNIVERSAL 
SUPPORT STAND 


@ Exceptionally Stable 
@ Weighs only 15 Ibs. 


Recently redesigned to provide 

maximum stability and long life. 

Weighs over 15 lbs. The base has 

a black crinkle finish. Rubber feet 

absorb vibration and prevent sli 

page. Cadmium-plated steel 

rod is 36” high. 

—10" x 14’. 

S 9050 Universal Support Stand 
11.75 ea. 


pprox. base size 


High speed range, 200 to 3000 rpm 
Slurry range, 80 to 600 rpm 


Daigger DIAL SPEED stirrer combines a unique cen- 
trifugal governor control with a gear reduction drive 
to provide constant torque at any speed. Changes i 
viscosity of material or abnormal voltage variations do 
not affect DIAL SPEED. Torque remains constant at 
low speeds where rheostat controlled motors suffer severe 
power reductions. 


DIAL SPEED uses no rheostat, auto-transformer, or 
variable mechanical drive. Instead, the centrifugal 
governor operates with such high frequency that power 
is virtually continuous. (:overnor control reacts to the 
slightest change to keep speed within 2% of speed setting. 
Governor control automatically interrupts motor circuit 
when the speed rises above the dial setting, and auto- 
matically closes the motor circuit when the speed drops 
below the setting. Speed control is constant and far 
more accurate than is possible with an induction type 
motor. Speed setting is controlled by a large graduated 
reference dial at the rear of the stirrer. 


DIAL SPEED is explosion safe for use in hazardous loca- 
tions. Simply connect PRESSURE PORT (hose nipple 
on motor) to a compressed air line. Air flow pressure 
prevents build up of explosive vapors in fuily enclosed 
motor. 


DIAL SPEED also features: 


Hollow Drive Shaft to allow raising and lowering of 
stirring rod without disturbing setup. Rods up to 
5/15” diameter can be used. 

Large Universal Chuck to accommodate all sizes of 
stirring rods up to */,” diameter. 

Equipped with automatic overload protector. 


S 6540-A Daigger DIAL SPEED stirrer, low speed 
range, 80 to 1200 rpm, including mounting rod assembly 
and chuck, less shaft and propellor. 115 volts, A.C..99.50 


S 6540-B Daigger DIAL SPEED stirrer, high speed 
range, 200 to 3000 rpm, including mounting rod assembly 
and chuck, less shaft and propellor. 115 volts, A.C. .99.50 


S$ 6540-C Daigger DIAL SPEED stirrer, special for 
resin and slurry work. Ultra high torque approx. 8 
inch ounce. Speed range 80 to 600 rpm. aximut 
efficiency and coolest operation at 200 to 300 rpm, 1n- 
cluding mounting rod assembly and chuck, less shaft and 
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Editor's Sacket 


;wo-week Special Summer Program in 
-rinciples of Radioisotope Utilization will 
be offered at the Massachusetts Institute 
of Technology during the 1958 Summer 
session from’ Monday, July 14, through 
Vriday, July 25. 


*% Four catalogues of technical reports 
have just been published by the Office of 
Technical Services, U. S. Department of 
Commerce, Washington 25, D. C. at 10 
cents each. They are: CTR-288 Ultra- 
sonics, 1932-57; CTR-21 Synthetic Lu- 
bricants, 1937-57; CTR-333 Soaps and 
Detergents, 1930-57; and CTR-332 Poly- 
eihylene, 1929-57. 

Other publications available, by num- 
ber, from the same source are: PB 131267 
Antiozonants for Nitrile and Natural 
Rubbers. E. W. Bergstrom, Rock Island 
Arsenal Laboratory. July 1956. 47 
pages. $1.25. PB 131227 Fluorine-Con- 
taining Polyethers: Part 2. O. R. Pierce, 
D. D. Smith, and R. M. Murch, Dow 
Corning Corp. for Wright Air Develop- 
ment Center, U. S. Air Force. February 
1956. 42 pages. $1.25. 

New publications available from the 
Superintendent of Documents, U. S. 
Government Printing Office, Washington 
25, D. C., are: Protection against Neutron 
Radiation up to 30 Million Electron Volts, 
National Bureau of Standards Handbook 
63, issued November 22, 1957, 88 pages, 10 
tables, 17 illustrations, 40 cents. Stand- 
ard X-ray Diffraction Powder Patterns, by 
Howard E. Swanson, Nancy T. Gilfrich, 
and Marlene I. Cook, National Bureau of 
Standards Circular 539, Volume 7, 70 
pages, and 40 cents. Methods of Testing 
Thermocouples and Thermocouple Materi- 
als, by Wm. R. Roeser and 8. T. Lonberger, 
National Bureau of Standards Circular 
590, issued February 6, 1958, 21 pages, 20 
cents. Nickel and Its Alloys, by J. G. 
Thompson, National Bureau of Stand- 
ards Circular 592, issued February 5, 
1958, (supersedes Circular 485), 87 pages, 
60 cents. 


NEW COMPOUNDS AVAILABLE 


@ The City Chemical Corp., 132 W. 22nd 
St., New York 11, N. Y., announces the 
production and distribution of a series of 
pure chemical compounds used in the 
growing of crystals for semi-conductor 
research, 

The following compounds are available 
‘or prompt shipment: potassium cobalti- 
cvanide, cobalt silicofluoride, potassium 
methyl sulfate, potassium chromicyanide, 
vickel silicofluoride, lanthanum ethy] sul- 
iste, sodium manganicyanide, chromium 
cetylacetonate, cadmium. silicofluoride, 
otassium ethyl sulfate, barium cobalti- 
vanide, zine silicofluoride, gadolinium 
sulfate, potassium manganicyanide, 
«duminum acetylacetonate, sodium propyl 
sulfate, barium ethyl sulfate, copper 
ai -etylacetonate. 


@ Chemicals Procurement Co., 550 Fifth 
\ve., New York 36, N. Y., is making 
(Continued on page A£26) 
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the most modern 
package of weight 
sets ever offered 
Every lab can now have their weights in a 
shrink-proof, reinforced plastic, hinge-covered 


AVAILABLE IN od 


jor complete 
information write for 
FREE bulletin 


1050 COMMERCE AVE. 
UNION NEW JERSEY 


MAINTENANCE 


® ° 
resists acids 
FREE Vuleathene and corrosion 
tough, horn-like Polyethylene . . . practically unbreakable 
NEW Vulcathene sinks 
complete perfect drain systems 


for laboratories 


Non-corrosive: 
All surfaces 
remain smooth 
under extreme 
corrosive 
conditions. 


Chemical Resistance: 
Resists all alkalies 
and most 
strong acids. 


Solvent Resistance: 
Virtually insoluble 
in all organic solvents. 


We invite your request for more 
detailed information about Vulcathene 
equipment and installations. 


Easily put together 
with threaded couplings 
or socket welds @ 
Vulcathene 
625 S. GOODMAN ST., ROCHESTER 2. N.Y 
ON OF THE'NALGE CO N *patent applied for 


A225 


4 
on 
— he 
V 


NALGENE Automatic 
Pipet Washing 


-RINSER 1280 


JAR 1242 


Model IIT 
NALGENE 
RINSER 
does a 
faster, 
easier 
job! 


New classic design lends greater 
stability and efficiency. Pipets are 


flushed clean thoroughly and rapidly. 


Complete syphon cycle of fresh water 
surges through pipets every minute, 
washing away all clinging particles. 


Pipet Basket 
complete drainage carrying hand sealed 
in POLYETHYLENE. Four sizes available to fit corre- 


sponding jars. 


Pipet Jars 


Excellent for waiien and soaking pipets and other 
sharply ing, by resilien- 
cy of NALGENE POLYRTHYLENG. 


for 's up to 16” lon: 
for to 24” lone 
for pipets up to 33” long 
BASKET for pipets up to 16” long 16.50 
1241 for pipets up to 24" long Si 22.50 
for pipets up to 33” long i 26.50 
JARS for pipets up to 16” long i 13.50 
1242 for pipets up to 24" long Si. 17.50 
for pipets up to 33” lone 20.50 


RINSER $28.50 
1240 34.50 
38.50 


Ask your dealer for catalog F-957 


ROCHESTER 2. NEW YORE 


World’s largest producer of Plastic Laboratory Ware! 
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available high purity L- and D-amino 
acids, with less than 0.1% of the optical 
antipode present including L- and D- 
alanine, phenyl alanine, iso-leucine, me- 
thionine, serine, and valine. 


@ Two new higher organic silicates, 
tetra (2-ethylbutyl) silicate and tetra 
(2-ethylhexyl) silicate, are now being 
produced by Union Carbide Chemicals Co., 
30 E. 42nd St., New York 17, N. Y. 
These compounds are suitable for formu- 
lating lubricants and hydraulic fluids be- 
cause of their heat stability, good lubric- 
ity, and their fluidity over a wide tem- 
perature range. They also have good 
thermal properties, which recommend 
them for use as heat transfer media. 


@ Bios Laboratories, Inc., 17 W. 60th 
St., New York 23, N. Y., announce the 
availability of: 2-aminobenzidine, angeli- 
calactone, bixin, canaline, 4,4'!-diamino- 
stilbene, p-dicyanobenzene, emodine, p- 
fluoroaniline, hydnocarpic acid, and 1,1,2- 
triphenylethylene. 


@ A highly specific reagent for the deter- 
mination of trace selenium is now avail- 
able in adequate supply from the J. T. 
Baker Chemical Co., No. Broad St., 
Phillipsburg, New Jersey. 3,3’-diamino 
benzidine hydrochloride (3,3’,4,4’,biphen- 
yltetramine) is offered in a crystalline 
form, and of reagent purity and controlled 
sensitivity for the detection of selenium. 


@ Improved stability in chemicals and 
plastics as well as enhanced potency in 
many classes of drugs have recently been 
realized through the use of trifluoroethyl 
chloride and _trifluoroethanol. Further 
information may be obtained from Tech- 
nical Division, Pennsalt Chemicals Corp., 
3 Penn Center, Philadelphia 2, Pennsyl- 
vania. 


@ Abco Chemical Co., 68 Fleet St., Jersey 
City 6, New Jersey, announces avail- 
ability of fluorenone oxime, glycolic alde- 
hyde, and p-fluorophenol. 


@ Six new tritium-labeled compounds 
have been added to the list of stock item 
radiochemicals offered by Tracerlab, Inc., 
1601 Trapelo Rd., Waltham, Massa- 
chusetts. 


@ City Chemical Corp., 132 W. 22nd St., 
New York 11, N. Y., are producing thal- 
lium perchlorate, aluminum ferrocyanide, 
magnesium ammonium sulfate, sodium 
glycolate, and aluminum citrate. 


@ The Ames Laboratories, Inc., announces 
the addition of new intermediates for 
pharmaceutical and investigational re- 
search. N,N-Dimethyl Ethylenediamine; 
N,N’-Dimethyl Ethylenediamine; N,N,- 
N’,N’-Tetra Ethyl Ethlenediamine and 
N, N, N’,N’-Tetra Methyl Ethylenediam- 
ine are now available in research quanti- 
ties. For more information, contact The 
Ames Laboratories, Inc., 132 Water 
Street, South Norwalk, Connecticut. 


ELECTRODELESS 
CONDUCTIVITY 
MEASUREMENTS 


PATENTED electrodeless method for 

measurement of electrolytic conduc- 
tivity with instrument readings directly 
proportional to conductivity over a wide 
range is available from Industrial Instru- 
ments. This new method supplements 
standard techniques (Wheatstone Bridge 
circuit and electrodes in solution) and 
is recommended for conditions where 
presence of fibers tend to clog conven- 
tional conductivity cells, or for abrasive 
slurries, highly conductive hot solutions, 
or extremely corrosive solutions. 


Input and output toroids are mounted 
on flow-type cells. Input toroid is con- 
nected to a transmitting unit operating 
in high audio frequency range. Receiv- 
ing unit is connected to output toroid. 
The liquid to be measured links the two 
toroids. 


Available to meet explosion-proof 
requirements and with provisions for 
automatic or manual temperature com- 
pensation. Also available with recording 
instruments. 


For complete details write to... 


Industrial 
Instruments ine. 
89 Road, Cedar Grove, Essex County. 
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Total analysis time: 
45 minutes! 


Infrared and Gas Chromatography ... 
Your Most Powerful Analytical Team 


An analytical system that enlarges the specific derive by gas chromatography alone. Used 
capabilities of two basic analytical methods now together, the Infracord and Model 154-C (itself 
provides fast and positive answers to difficult only $2,935 complete) comprise an instrument 
analytical problems. Here’s how it works: team offering versatility and speed over a wide 

The Perkin-Elmer Model 154-C Vapor Fractom- area of your analytical work. Delivery on either 
eter—a new yas chromatographic instrument instrument—30 days. A full range of sampling 


—first separates the sample into relatively pure 
fractions, recorded fractograms providing the 
quantitative information. The fractions are col- 
lected, and then run through the P-E Infracord,® 
a new low-cost ($3,850), compact, double-beam, 
bench spectrophotometer. Here, infrared analysis 
supplies the detailed qualitative data difficult to 
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accessories is immediately available for both. 
P-E’s applications laboratory will be pleased 
to furnish you with complete information on how 
the Infracord and Model 154-C Vapor Fractom- 
eter can increase the effectiveness of your ana- 
lytical program. Write us at 870 Main Avenue, 
Norwalk, Conn. Prices and delivery subject to change without notice. 


INSTRUMENT DIVISION 


Perkin-Elmer 


NORWALK, CONNECTICUT 


OROID 
| 
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Weighing 

is the heart 

of all analytical 
procedure 


To keep pace with increased laboratory work loads 
balance manufacturers have developed balances that 
weigh faster, are easier to operate and require no op- 
erator technique. The NEW Christian Becker Model NA-1 
single pan, semi-automatic balance provides everything 
the chemist has wanted. Fast accurate weighings are as 


easy as 1 - 2 - 3. 


“OPTICAL READOUT 


large, easy to read reticle and 
__vernier eliminates Balance squint. 


1. Place sample on pan, close door, select “rough 


weighing” beam by rotating knob “A”. 
Weight control knobs “B” are then rotated. 
Weight indicator lights "C” indicate if weights 
have to be added or removed. 

Final 1000 mgs., or any part thereof are re- 
corded on new, large, easy to read reticle 
and vernier, after fine weighing beam is put 
in use. This ten thousand division optical read- 
out “D” is absolutely unique. It eliminates 
completely “balance squint.” The large num- 
ber at the top plus the vertical line show that 
the weight is between .455 and .456 gram. 
By following the line down, it makes a solid 
rectangle at "4", thus giving a reading of 
-4554. This plus the weight recorded on 
counter “E”, gives total weight of sample. 


ANYONE CAN OPERATE THIS BALANCE 
{t also includes many other features: 


e External zero adjustm 
compensation 

Oil damping—longer "Pan-to-Stirrup” 
dimension 

e Exclusive two-beam construction—one for 
rough weighing—one for fine 

e Weighing and pilot lights to indicate beam 
in use 

@ Stainless steel Class M weights 

e Knobs for weights and beams are at con- 
venient table height 

e@ Weight counter and reticle and vernier are 
at eye level. 


Capacity 206 grams. Sensitivity .1 mg. Readability .05 mg. Catalog #H1830.. . Price $1,185.00 


(4 page bulletin available on request) 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company ¢ Cleveland 6, Ohio 


Sales Branches and Warehouses: Cincinnati 13, O. « Cleveland 6, O. + Detroit 28, Mich. 


Houston 11, Tex. « Los Angeles 22, Calif. » Philadelphia 48, Pa. 


Sales Offices: Baton Rouge, La. « Oakland 11, Calif. + Buffalo 2, N. Y. 
Hastings-On-Hudson 6, N. Y. « Pittsburgh 22, Pa. 
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METAL 


ON. Tetravalent, 
Chelate, in5 


N-Tetrevolent, 


Types to represent 
Central Metal Atom 


N-Tetravaient, 
Chelate, —in 6 Aliphatic 


_O-Tervatent, 
Chelate, — iné 


O-Monovaient, 
for H-Bridge 


Octehedral, tonic 
Non-metal models to con- 
struct Chelate Molecules 


CONSTRUCTED ACCORDING TO ARRANGEMENT 
OF VALENCE ELECTRONS 


Four models are available to repre- 
sent the central metal atom in chelate 
compounds since two configurations 
(planar or ectahedral) and two bond- 
ing types (covalent or ionic) are pos- 
sible. 

Six other models have been intro- 


duced for the construction of metal 
chelate compounds: a carbon C-H 
bridge model; two types of tetravalent, 
unsaturated nitrogen bridge dels; a 


CHELATE MOLECULES 


Ten new atomic models for constructing 
organic metal chelate compounds have been 
added to the thirty different atom models pre- 
viously available from Arthur S$. La Pine and 
Company. The new models are likewise de- 
signed according to Stuart and Briegleb and 
scaled to a magnification of 1.5 X 10°. They 
can be used with the earlier models in this line 
—all are manufactured by E. Leybold’s Nach- 
folger, Cologne, West Germany. Measurements 
between any two points on a molecule con- 


tetravalent, tetrahedral nitrogen for 
aliphatic linkages; a tervalent ring 
oxygen model; and a monovalent oxy- 
gen for hydrogen bridges. 


FOUR TYPES OF METAL ATOM MODELS 


Since the effective radii for iron, co- 
balt, nickel, and copper are almost 
identical, the same models can be used 
for any of these metals. Models repre- 
senting metal atoms in planar chelate 
compounds have four surfaces with 
snap-fastener connections for bonding 
arranged quadratically in a plane, and 
two principal surfaces rounded off. 


Models representing metal atoms in 
octahedral chelate compounds have six 
surfaces with snap-fastener connections 
for bonding arranged in the six planes 
of a cube. Covalent bonding is indi- 
cated by a cube which is only slightly 
rounded off; ionic linkage, by a spher- 
ical model. The four metal atom models 
have the same silver color. 


USES OF NON-METALLIC MODELS 


The six new non-metallic models 
have the same colors as other models 
of these elements previously available. 

The carbon C-H bridge model is used 
in six-membered chelate compounds, 
such as hemin. 

One type of tetravalent, unsaturated 
nitrogen is used as a bridge between 
a five-membered chelate ring and a 
six-membered ring with the double 
bond in the six-membered ring, as in 
ethylenediimine co- 

It. 

The other type is used where the 
double bond is in the five-membered 
ring, as in phthalocyanine copper. 


An example for the use of the tetra- 
valent, tetrahedral nitrogen for alipha- 
tic linkages is the ethylenediamine di- 
acetate copper molecule. 

The tervalent ring oxygen model is 
used in chelate rings with the double 
bond in a six-membered ring, as in 
diacetonylacetonate cobalt. 

An example for the use of the mono- 
valent oxygen for hydrogen bridges is 
the nickel dimethyl! glyoxime molecule. 

For the ring oxygen in six-membered 
chelate rings, as in disalicylaidehyde 
ethylenediimine cobalt, one can use 
the model previously available desig- 
nated for polysiloxane chains. 


Louisville 
Minneapolis 


LaPINE SALES OFFICES 


New Orleans 
Washington D.C. 


structed from these models are proportional to 
distances on the actual molecule. 


METAL CHELATE 
ATOM MODEL PRICE LIST 


Write for 
... Six-page, five-color 
Bulletin No. 1058 with 
detailed information on 
atom models to con- 
struct organic metal 
chelate compounds. 
Copies of a four- 
page, five-color bulle- 
tin on 30 atom models 
previously available can 
also be obtained on 
request. 


APINE ARTHUR $.LaPINE and COMPANY 
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 CH-Bridge 
ATOM MOD 
ats ; ACCORDING TO 
“Planar, Covatent  Octahedral, Covalent Pio 
Catalog No. Model Each 
CE302-20 C-H-Bridge $2.60 
CE302-37 N-Tetravalent, Chelate, = in6 2.60 
CE302-38 N-Tetravalent, Chelate = in5 2.60 
CE302-40 N-Tetravalent, Aliphatic 1.60 
CE302-52 O-Siloxane 1.60 
CE302-53 O-Tervalent, Chelate, = in6é 2.45 
CE302-54 O-Monovalent, for H-Bridge 1.60 
CE302-71 Me-Chelate, Octahedral, 
Covalent 2.20 
r CE302-72 Me-Chelate, Planar, lonic 1.60 
CE302-73 Me-Chelate, Octahedral, lonic 1.70 


VACUUM DISTILLATION PUMP 


SINGLE-STAGE CONSTRUCTION 


Especially Efficient In Distillation Requiring Long, 
Continuous Service 


Simple Movement ¢ Trouble-free «© Quiet Running 


Extra Large Oil Reservoir Greater Free Air Capacity 


e Guaranteed Vacuum 
.02 mm. (20 microns) 


e Free Air Capacity 
33.4 Liters per Minute 


PRICE 
150% 


Complete with Motor 


The large volume of oil dilutes the vapors which are a Pump Revolutions—300 RPM 
product of the distillation, thereby sticking and toch 
corrosion of the pump mechanism. If the oil becomes Over-all Dimensions of Mounted Pump 
too contaminated, it can be removed quickly and easily 195/s x 11"/s x 155/s inches high 
by means of the drain cock. The movement is simple, Belt-tightening Provision 


1404H. WEGNER PUMP, Motor Driven. 1404F. WEGNER PUMP, Motor Driven. 
For 115 volts, 70 Cycles A.C. Each, $150.00 For 115 volts, D.C. Each, $215.00 
For attached Belt Guard, add $17.50 to prices. 


1404. WEGNER PUMP, Unmounted. 
14041. WEGNER PUMP, Motor Driven. With pully, but without motor belt, or base. 


For 230 volts, 60 Cycles, A.C. Eact, $152.00 Each $115.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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2 
: 
5 
No. 140¢4H 
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ADVANCES IN 


PETROLEUM CHEMISTRY AND REFINING, VOLUME | 


/ 


THE EFFECTS OF IONIZING RADIATION 
ON NATURAL AND SYNTHETIC HIGH POLYMERS 


ORGANIC SYNTHESES WITH ISOTOPES. In two parts 


SCIENTIFIC GLASSBLOWING 


Edited by KENNETH A. KOBE and JOHN J. McKETTA, JR., University of Texas, 
Austin, Texas. 

Experts in the petroleum field describe and interpret recent advances. Twelve essays, 
one or more in each of these five broad divisions—economics and future trends—unit 


operations and design—refining processes—petrochemicals—mechanical equipment. 
1958. 656 pages, 131 illus., 86 tables. $13.50 


‘COLORIMETRIC DETERMINATION OF NONMETALS 


Edited by DAVID F. BOLTZ, Department of Chemistry, Wayne State University, 


Detroit, Mich. 

The great success and popularity of “Colorimetric Determination of Traces of Metals” 
by E. B. Sandell (2nd edition, 1950) suggested that a similar treatment of the nonmetals 
would be a “natural.” 

No one analyst was able to write this book, but Dr. Boltz has assembled a team of 
experts who tell how to apply these sensitive and simple methods for nonmetals in a wide 
variety of fields of application. 1958. (Chemical Analysis, Vol. VIII) 

384 pages, 70 illus., 14 tables. $8.50 


By FRANK A. BOVEY, Minnesota Mining and Manufacturing Company, St. Paul, Minn. 

This first volume in a new series—Polymer Reviews—goes beyond polymer chemistry 
and is of interest to all organic chemists. The practical importance of radiation effects is 
immense; the types of changes produced are no less interesting to the synthetic chemist 


and the theorist in reaction mechanisms. 1958. (Polymer Reviews, Volume 1) 
298 pages, 47 illus., 21 tables. Approx. $7.00 


By ARTHUR MURRAY III and D. LLOYD WILLIAMS, Los Alamos Scientific Labo- 


ratory, Los Alamos, N. M. 

Contains detailed syntheses, in the manner of the well-known Organic Syntheses, of 
many hundreds of isotopically labelled organic compounds: in Volume I a carbonatom 
is radioactive; in Volume II the radioatom may be a halogen, hydrogen, nitrogen, oxygen, 
phosphorus or sulfur. 

The carefully selected syntheses, usually offering a high yield, are of a general interest 
going beyond the radioactive application, and the great attention paid in this volume 
to nomenclature (which is troublesome when radioisotopes are present) will be wel- 
comed by all who value clear, unambiguous expression in chemistry. 

Part I: 1958. 1162 pages, 29 illus., 6 tables. Approx. $24.00 
Part II: 1958. Approx. 1110 pages, 24 illus., 50 tables. Approx. $22.00 


By E. L. WHEELER, Department of Chemistry, University of California, Los Angeles, 
Calif. 

This practical “how to” book by a veteran glass blower describes basic operations, 
goes up to advanced technique and equipment design, and for good measure also de- 
scribes such skills as glass-to-metal seals, coating glass with metals, high-vacuum tech- 
nique and design of distillation columns. 


1958. 500 pages, 269 illus., 60 tables. $9.75 


INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue, New York 1, N. Y. 
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Recent Books 


first edition are included in the second 
edition, except ethyl] cellulose. Of the pres- 
ent 140 chemicals, 89 are organic and 51 
are inorganic. This is a marked increase 
in inorganic elements and compounds, 
but now greater emphasis is given to basic 
industrial chemicals. No references are 
given to source of process data or statistics. 

Those who have used the first edition 
will want the second for its up-to-date proc- 
ess information and statistics. Classes in 
chemical technology could profit by mak- 
ing similar surveys on other chemical 
commodities. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


THEOPHRASTUS ON STONES 


Earle R. Caley, The Ohio State University, 
and John F. C. Richards, Columbia Uni- 
versity. The Ohio State University, Colum- 
bus, Ohio, 1956. vii + 238 pp. 16 xX 
23cm. $6. 


One of the greatest difficulties in 
studying Greek science is that the texts of 
authors other than Plato and Aristotle are 
not easy to find. Translations are even 
more difficult to locate. It is therefore 
most useful to have available editions such 
as this. Theophrastus was the chief pupil 
and successor to Aristotle, and his works 
continue and expand the ideas of his mas- 
ter. His book ‘On Stones’’ is the first 
systematic attempt to classify minerals. 
The system used depends on physical 
appearance and properties and forms the 


NYLAB....... 


Offers 

fora 
Competitive 
Price 

THE 
ULTIMATE! 
the Precision- 
Dubnoff 


METABOLIC SHAKING INCUBATOR 


With Exceptional Beaker-Flask Accommodation . . . with 24 hour Day-in, 
Day-Out Operation . . . without Undesired Speed Changes. 


Here’s a metabolic shaking incubator 
ideal for a wide variety of research tech- 
niques not requiring manometric deter- 
minations; for measuring the progress of 


biochemical or biological reaction by 
chemical analysis or microscopic exami- 
nation. 


USE the Precision-Dubnoff for: 


1. Tissue metabolism and enzyme studies 
2. Protein coagulations 

3. Fermentations 

4. Homogenate research 

5. R. Q. Investigations 

6. Diffusions 

7. Dialyses, 


GET— from Precision-Dubnoff: 


‘@ Supreme shaking speed accuracy 
through governor controlled motor. 

@ Combine 20 mi beakers—25 and 50 
ml flasks—all in one investigation. 

@ Wide Temperature and Shaking Speed 
Range 35° to 65° C—25 to 140 cycles. 

@ Instantly adjustable shaking speed— 
no belts—no pulleys—no built in 
limitations. 


Catalog No. 23497 


$595.00 


For Complete information Write to 


76-78 VARICK STREET 


New York Laboratory Supply Co., Inc. 


NEW YORK 13, N.Y 


basis for all attempts at mineral classiii- 
cation in classical and medieval times, 
It is thus of interest not only to the his- 
torian of science, but to all who wond:r 
how the scientific mind can operate whi n 
the basic factual knowledge is scanty. 

The present edition is extremely wi || 
done. The Greek text is short, and 0 
both text and translation occupy only a 
small part of the book. The commenta: y 
makes up the main portion and discusses n 
detail the many problems which puzzle a 
modern reader. It is here that a picture 
of the knowledge of the Greek scientist is 
actually obtained. Both a Greek and in 
English index complete a valuable sch«|- 
arly work. 


HENRY M. LEICESTER 
CoLLEGE OF PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA. 


SIXTH SYMPOSIUM (INTERNATIONAL) 
ON COMBUSTION 


The Combustion Institute. Reinhold 
Publishing Corp., New York, 1957. 
xxv + 943 pp. Many figs. and tables. 
18 X 26cm. $28. 


A necessity for the researcher, this 
book belongs in any library guaranteeing 
te supply timely reference material to the 
professor or student. It reports papers by 
216 authors from 10 countries. Flame 
phenomena provide clues to both the ki- 
netics and thermodynamics of high temper- 
ature reactions. Analytical techniques 
which have been devised to investigate 
such problems and direct applications of 
combustion studies have implications for 
all fields of chemical research. Good fig- 
ures and photographs complement the 
well-edited text. 


W.F.K. 


THROUGH ALCHEMY TO CHEMISTRY 


John Read. The Macmillan Co., New 
York, 1957. xii + 206 pp. 49 figs. 
13 X 19cm. $3.75. 


Proressor Read is well known for his 
readable texts on organic chemistry and 
for his historical studies on the humanistic 
aspects of alchemy and chemistry. In 
this small volume he deals with the «le- 
velopment of chemical ideas from the le- 
ginnings of alchemy through the develop- 
ment of structural organic chemistry in the 
second half of the nineteenth century. 
The book is not an organized history of 
early chemistry although it extensively « x- 
plores the alchemical background of mod- 
ern chemistry. 

Eight of the 10 chapters deal with 
chemy and it is here that the author’s 
terests serve to clarify those mysteries t! 
the casual reader finds in the alchemi : 
literature. Professor Read has long ha: ‘ 
great interest in alchemical symboli:'1, 
particularly as revealed in the art whic! is 
a part of many of the early printed wo « 
on the subject. He also understands |’ 
interrelationships between alchemy, 
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Kodak reports on: 


ul classi)i- 
ny a smelly but stable invention . .. creation and propagation of slides and filmstrips ... 
Sands a photographic plate within the spirit, if not the letter, of Lambert's Law 
ate wh i i reproducti 
unty. Presto, ethylene sulfide tares 
nely will Talk about your polymer success stories. Polyethylenesulfide (—CH:CH:S—) n out eventually to have been the first step 
, and o is one that never made good. Nor for want of trying. Been subject of much = foward a program evlisting the help and 
y only a literature. Few suitable solvents. Monomer, ethylene sulfide (CH:—CH;) is _erest of bright students in preparing 
slides or filmstrips of curriculum-enrich- 
y \ ing demonstrations is a possibility worth 
puzzle a clear, volatile liquid (BP 56). Doesn’t stay that way long. Maybe a day if 
a picture you play your cards right. Used to be prepared by reacting 2-chloroethyl- In memory ofa perfectionist 
ientist is mercaptan with sodium bicarbonate. Ethylene sulfide has to be fractionated As Johann H. Lambert must have 
and in from the water. Most of it polymerizes on the way. Russians do it by re- remarked pare than once before 
chanel acting ethylene oxide with potassium thiocyanate. Long drawn out and he passed away in 1777, wenn bie 
messy. Tried it and got nowhere near the 25-50% yields they claim. May —_yiehtstarke der bon einer Fliche kom- 
be our fault. menden Strablung dem Cosinus des 
Anyway, spent long time looking for better idea. Wound up inventing Binkels swischen Strablrichtung und 
“new composition of matter.’ Call it Ethylene Monothiocarbonate. Nice, Flachennormalen proportional ist, so 
smelly but stable liquid. Keeps long time below 200 C. Get it that hot and nennen wir die Flache eine volkommen 
presto, ethylene sulfide. So: streuende Flache. In short, a per- 
ONAL) a CH,—CH, fect diffuser has the same bright- 
? + ness from every direction. A nearly 
einhold ¢ perfectly diffuse reflector is fairly 
1957 96% yield. 4 easy to come by, but a perfectly dif- 
tables. Ethylene sulfide long considered sine qua non of mercaptoethylation. fuse transmitter is just a convenient 
Now you can mercaptoethylate sine. Life thus made simpler, more satisfying, idea, remote from reality. 
safer because at temperature required for attachment of —-CH,CH.SH group, We like to think that a product 
ar, this ethylene sulfide is far above boiling point but Ethylene Monothiocarbonate. we call Kodak Day View Screens, 
‘eigen is not. Reaction proceeds peaceably without pressure plumbing and all that though far from the letter of Lam- 
pers by jazz. Mercaptoethylation might be pushed onward and onward. Viz., bert’s Law, comes as close to diffuse 
Flame a transmission as any material avail- 
the ki- R.NH+CH:—CH, R.N—CH.CH,SH+CO, able. We these for optical 
em per- solvent struments wherein an image is to 
niques +05} projected from behind the screen 
stigate . 7 with a minimum of “hot spot” at 
ions of ¢ the center to dazzle and annoy. They 
a for are clear glass plates precisely 
m4 : “ad Long polyethylenesulfide side chains have been hooked onto NH: or SH _ coated with one of several composi- 
groups of proteins and onto the OH groups of cellulose. Also talk in litera- tions that we are rather proud of. 
ture of entwining natural polymer chains with polyethylenesulfide chains Perhaps the thought occurs to 
W.F.K. formed in situ but not bonded to them. you that a photographic emulsion 
Glad to sell you Ethylene Monothiocarbonate. From $3.10 for 10 grams on up in might be coated over the light- 
quantity and down in price. Ask for Eastman 7367. Can supply approximately 3600 diffusing composition, of a speed 
other Eastman Organic Chemicals at same time. Convenient. Distillation Products such that the plate might be exposed 
ISTRY Industries, Rochester 3, N. Y. (Division of Eastman Kodak Company). : in ante 
in a camera in order to get some 
sort of photographic pattern for 
) — Sweetening the chalk talk proachably swaddle their cutting — comparison with a projected image 
Teacher, science is being sold whole-  ©4ge in magnificently pertinent sub- on the screen. The very same 
— sale on the channels these days with ject material that the sponsor gets —_ thought has occurred to us. 
lots of sugar on it. By comparison, little more return for his outlay As we 
wnistic the old chalk talk day after day than a good name. Translucent Plates, Type 5. Axially the 
“i tends to pall on the audience. There Not to be neglected beyond these processed plates transmit 85%, of the 
are remedies. large operations, however, is the in- incident 
bes Consider the Kodaslide Signet dividual on his own who wants to they than 
velop- 500 Projector, Filmstrip Model, ob- | ™ake his story as vivid as he can. — err Lambert figured they ought to be, 
in the tainable from Kodak Audio-Vis- He, too, can turn them out—slides _while at 30° they are 0.8 times as bright 
tury. ual dealers. It is easy to use, easy on __ if he intends to put on the same per- 
films, easily converted in 60 seconds formance only once or a few times, ove 
d- to show 2” x 2” if it is given many technical details sand all the commercial 
ives t i essen) unchanged ils, write man 
in To feed its alternative mouths, a For his benefit we have published a 
variety of organizations provide of Slides and Filmstrips.” Kodak 
ical slides and filmstrips. Some have no — dealers have it for sale or can order it. 
.. . axe at all to grind. Others so irre- It is particularly rich in details on attain- 
ich is 


This is another advertisement where Eastman Kedak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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Non-absorbent Stone 
\provide Heavy-duty, 24-Hour Service 


Alberene Hood is the stone 
itself. It’s the only natural sili- 
cate stone with a surface that 
goes all the way thru. It has 
no surface glaze to chip, crack 
or peel. Its absorbency rate is 
only 0.15%. Its chemically- 
resistant, all-silicate mineral 
components make it practi- 
cally nonstaining. It’s highly 
heat-resistant. 


Alberene Stone is easily ma- 
chined for tongue-and-groove, 
watertight construction — a 
necessary feature for perchlo- 
ric hoods where thorough water 
flushing and removal is neces- 
sary to keep them deposit free. 

For full information and 
technical assistance address: 
Alberene Stone Corporation, 
386 Fourth Avenue, New York 
16, N. Y., Dept. J. 
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Recent Sooke 


losophy, and religion. It is evident that h« 
has a great deal of sympathy for the muc! - 
maligned alchemists and feels that tle 
millenium and a half of alchemical studi: s 
was not entirely a period of wasted effo. t 
but one which contributed a great deal .f 
factual knowledge regarding chemical su! - 
stances and operations. At the same tin « 
he recognizes the harm done by tie 
pseudo-alchemists. 

One might wish that the treatment .f 
the alchemist Geber had been amplified in 
the light of twentieth century scholarshi)). 
Whether or not one agrees with the con- 
clusions of Ruska and Kraus regarding t!.e 
existence of the Arabian Jabir ibn Hayyan, 
it is questionable whether the whole su!- 
ject should be passed off in three sentenc:s 
as is done in the book. 

Except for this one important poiit 
there is little to criticize in the book. It is 
sound in scholarship, informative on a con- 
fusing and frequently misunderstood su}- 
ject, and interesting. Upon finishing this 
book one is caused to ponder once more 
why books of British authorship are so fre- 
quently much more readable and informa- 
tive than their American counterparts. 


AARON J. IHDE 
UNIVERSITY OF WISCONSIN 
Mapison, Wisconsin 


THE HISTORICAL BACKGROUND OF 
CHEMISTRY 


Henry M. Leicester, College of Physi- 
cians & Surgeons, San Francisco. John 
Wiley & Sons, Inc., New York, 1956. 
vi + 260 pp. 15 figs. 16 X 23.5 cm. 
$6.00. College Edition $5.00. 


Tuis text is a major contribution to the 
literature of chemical history by an ardent. 
student and prolific writer. It is an inter- 
esting account of the development of 
chemical concepts from the ancient world 
to the twentieth century. 

Separate chapters on Greek, Chinese, 
and Arabic chemistry are included which 
summarize much widely scattered ma- 
terial. The chemist senses that much of 
his art and science has a romantic back- 
ground. Here is easy access to the facts. 

The book should be read by every 
chemist to review the origins of chemistry. 
Beginners will find the chapters short :nd 
easily readable. More advanced students 
will consult the numerous references given 
with each chapter. Leicester lists (00 
of these, many, of course, to the same :\1!- 
thors. The great chemists of the eigh- 
teenth and nineteenth centuries are quoied 
from original references. Older authorities 
come through recognized translations. 

Unique and welcome is a chapter on ‘he 
growth of chemistry as a profession. H:re 
contrasts in development in several co:.!- 
tries, the beginnings of special journ::'s 
and trends in academic and industrial '- 
search are related. The theme me! 
further expansion in future editions. 

The concluding chapter on biochemis Vv 
has 53 references and brings the sub)}:°t 
up to 1920. The author states that most 
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Recent. Sooke 


biochemistry is contemporary, so his intro- 
duction is truly a historical background. 

The printing and paper are attractive. 
Tie size and weight of the book make it 
exsy to handle. One would wish for more 
ilistrations, and a bit more of the human 
side of the men who made the history. 
However, the author has achieved his pur- 
p.se, and publishers, too, must follow the 
trend of the industrial equation, i.e., 
A+B = $. 


R. D. BILLINGER 
UNIVERSITY 
Bre rsLEHEM, PENNSYLVANIA 


SOME ASPECTS OF THE CHEMISTRY 
AND TOXIC ACTION OF ORGANIC 
COMPOUNDS CONTAINING 
PHOSPHORUS AND FLUORINE 


Bernard Charles Saunders, University 
Lecturer in Chemistry, Cambridge. The 
University Press, Cambridge, 1957. xvi 
+231 pp. 2platesand 23 figs. 14.5 x 
22.5 cm. $6. 


Ar THE beginning of World War II it 
was discovered independently in England 
and Germany that compounds containing 
the group POF were powerful poisons. 
The action was chiefly on the nervous 
system, and the substances, of which di- 
isopropyl phosphofluoridate (diisopropyl 
fluorophosphonate, D.F.P.) was typical, 
were therefore called ‘‘nerve gases.’’ All 
during the war intensive research on these 
compounds was carried on, especially at 
Cambridge in England. The results of 
this work and its continuation are de- 
scribed in this monograph. The Cam- 
bridge workers quickly became interested 
also in the extremely toxic methyl fluoro- 
acetate (M.F.A.), in which the active 
group is CH.FCO, and the properties of 
this and related compounds are also dis- 
cussed in this book. 

D.F.P. acts as an anticholinesterase and 
thus inhibits transmission of a nervous 
impulse across a synapse where acetyl 
choline is required. M.F.A. is built by the 
body enzymes into fluorocitrate which en- 
ters the Krebs cycle of carbohydrate oxi- 
dation and blocks it completely. Since 
both these processes are essential to life, 
the extreme toxicity of these compounds 
is explained. 

In the present monograph, Saunders, 
who led the research group at Cambridge, 
has brilliantly summed up the chemical 
and pharmacological reactions of these 
substances. Many novel synthetic meth- 
ols are described for their preparation, 
and new analytical techniques are re- 
ported. Biochemical studies with these 
compounds have provided much new evi- 
dence in support of the beta oxidation the- 
ory of fatty acids. They are very useful 
as insecticides, especially since they can be 
icorporated systemically into plants and 
ecu thus kill insects which are not reached 
b. sprays. They are even likely to be of 
therapeutic value in the treatment of such 
conditions as myasthenia gravis and post- 
operative paralytic ileus. 


(Continued on page A236) 
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measure DH with 
laboratory precision... 
ANYWHERE! 


COMPAX is no toy. You can’t fit it into your 
pocket . . . but you can take it with you—and 
you can measure true pH quickly and 
dependably, anywhere at any time. 

COMPAX is a complete pH meter of laboratory 
precision with everything you need in the 
case—batteries, buffers, electrodes—even 
beakers. Open the case and it’s ready to use... 
close the cover and it’s ready for a rough trip 
or long storage. COMPAX is convenient too— 
one control operation and large clear dial for 
fast, accurate readings. 

You can test a COMPAX yourself. Write for 
bulletin and 10 day free trial offer. 


Coleman COMPAX pH Meter, Model y 
20, complete with all chemicals, bat- 
teries and ready to use . . . $200.00 


COLEMAN COMPAX pH METER 


COLEMAN INSTRUMENTS INC., DEPT. B, MAYWOOD, ILLINOIS 
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THE KROMO-TOG 


K-3 
for gas and vaporchromatography 


The Kromo-Tog, Model K-3, 
is a compact, low-cost, 
chromatographic instrument 
for the speedy routine 
analyses of most gases and 
liquids of any boiling point 
to 370° C., and over. 


Accessories may be added 

to the basic “build-up” 

unit. Panel-door and sides 
open for free access to all 
components. Extremely easy 
to install and use, this 

model may be bench or 
panel-mounted anywhere. 


@ SEPARATE COLUMN 
TEMPERATURE CONTROL 


@ ACCESSIBLE COLUMNS 
FOR RAPID CHANGE 


@ HIGH SENSITIVITY 
OF DETECTOR CELL 


@ FRACTIONS AND CUTS 
EASILY COLLECTED 


THE BURRELL KROMO-TOG 

Model K-3 COMPACT SIZE 
Basic chromatographic unit, Only 24” x 16” x 13” 
Accessories can be added. 


Burrell Cat. No. 340-31........$795. 
F.0.8. Pittsburgh, Pa. Ask for Bulletin 831 


BURRELL CORPORATION 


Scientific Instruments @hd Laboratory Supplies 
2223 FIFTH AVENUER@PITTSBURGH 19, PA. 


All these topics are discussed clearly and 
in detail. Enough physiology is presented 
to give the average chemist an under- 
standing of the biochemical mechanism: 
involved. The relation between chemica! 
structure and degree of toxicity has been 
carefully worked out, and a number oi 
methods for increasing the potency of th« 
compounds for purposes of warfare ar 
described. Among these is the use oi 
D.F.P. as a diluent for mustard gas. As 
the author remarks, this gives a very “un 
wholesome”’ mixture. It is indeed fortu- 
nate that these substances were not em 
ployed for the destruction of human life. 
and that, as Saunders says, ‘‘the progres: 
of the work provides a wonderful exampk 
of the beating of the proverbial swords into 
ploughshares.”’ 


HENRY M. LEICESTER 
CoLLEGE oF PHYSICIANS AND SURGEONS 
San FRANcisco, CALIFORNIA 


SCIENTIFIC AND TECHNICAL 
TRANSLATING 


Secretariat and Board of Editors, UNESCO, 
Paris; UNESCO Publication Center, New 
York, 1957. 282 pp. 15.4 xX 24 cm. 
$4. 


CALLED a progress report, this publi- 
cation is the fourth in the UNESCO series 
on Documentation and Terminology of Sci- 
ence. It is the result of long collaboration 
between the Secretariat of UNESCO and 
over 200 persons in 21 countries, assembled 
by three national editors (English, French, 
Italian). Seven chapters cover the pro- 
portionate requirements for the knowledge 
of languages, in terms of both the litera- 
ture available and the needs of readers; 
methods and organizations for making 
translations available; language problems 
of scientists and proposed artificial inter- 
national languages; and the perennial 
difficulties of terminology and _lexicog- 
raphy, with constructive suggestions for 
improving technical dictionaries. 

The introduction emphasizes the fact 
that about 50% of scientific literature is in 
languages that more than 50% of scientists 
cannot read. There is an interesting dis- 
cussion of the types of individuals and serv- 
ices for translating; the great need for 
pooling and indexing the results of such 
labors everywhere, in order to avoid ex- 
pensive and wasteful duplication of effort; 
and the problems of publication and copy- 
right involved. 

The fact that English receives increasing 
support—and not only from those to whoin 
it is native—is no reason for us to relax in 
urging the study of foreign languages by 
our scientists and technologists. With the 
French and German, once consider! 
sufficient for the reading of scientific liter:.- 
ture, Russian has long deserved equ:! 
attention. Spanish and Italian have rise) 
in importance; and for certain develo) - 
ments, one Scandinavian language (e.g . 
Swedish) and an ideographic one (e.g. 
Chinese) are also often needed. 

There are four enlightening appendice:. 
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Let these SAUNDERS BOOKS help you 
if choice of a textbook is a problem 


New (7th) Edition! Harrow and Mazur— 


Textbook of Biochemistry 


Revised to keep pace with major advances in bio- 
chemistry, this New (7th) Edition introduces students 
to individual organic substances, outlines their classi- 
fication and gives their molecular configuration. Each 
chapter is built on the preceding one to give a sound 
and thorough picture of biochemistry and its applica- 
tions today. Many chapters have been revised to 
such an extent as to make this virtually a new book. 
Up-to-date information on intermediary metabolism 
includes the techniques employed in tracing the meta- 
bolic pathways of carbohydrates, lipids, proteins and 
nucleic acids. There are newly written discussions 
in the chapters on carbohydrates, lipids, proteins and 
enzymes. The chapter on nucleoproteins represents 
a distillation of the most recent advances in this field. 
Purine and pyrimidine bases, nucleosides and nucleo- 
tides are fully discussed to make the structures and 
activities of nucleoproteins more understandable. 

By BENJAMIN HARROW, Ph.D., Professor Emeritus of omy ABRAHAM 


MAZUR, Ph.D., Associate Professor of Chemistry, City College, New 688 pages, 6” x 
91/4”, with 136 illustrations. New (7th) Edition—Ready June, 1958! 


New (2nd) Edition! Noller— 


Textbook of Organic Chemistry 


An excellent basic text for organic chemistry courses 
of 90-100 hours for both chemistry majors and non- 
chemistry majors. It will ideally serve any course 
where adequate but not extensive detail is required. 
It presents the same excellent balance between theo- 
retical and practical organic chemistry as Noller’s 
longer volume—Chemisiry of Organic Compounds. 
The author has omitted certain compounds, some of 
the more complex mechanisms and other advanced 
material not considered necessary for a standard 
course. The chapter on Mechanisms of Organic Re- 
actions in the First Edition is now distributed through- 
out the early chapters of this revision. Extensive 
changes have been made in the discussion of the struc- 
tures of starch and insulin and of the mechanism of 
aromatic substitution. Topics new to this revision 
include: conformation; inclusion compounds; oxida- 
tion mechanisms; ferrocene; tropolones; insulin; oxy- 
tocin; aldosterone; lanosterol; tranquilizer drugs; 
epoxy and polyester resins; etc. 


By ARLR. NOLLER, Ph.D., Professor of Chemistry, Stanford University. About 670 
6”. 91/¢*, illustrated. (20d) "Just Reedy! 


New (2nd) Edition—Just 


New (2nd) Edition! Routh— 


20th Century Chemistry 


A comprehensive text aimed at students planning to 
take only one year of chemistry. In a logical man- 
ner the author stresses the basic principles of inorganic, 
organic and biological chemistry and their application 
to everyday living. For this New (2nd) Edition there 
is a rewritten discussion on how to approach and study 
chemistry. Additional material is included on the 
metric system. A broadened chapter on radioactiv- 
ity and nuclear energy clarifies nuclear reaction and 
includes current information on the application of 
nuclear energy for production of power, for industry, 
medicine and biological research. Definitions of 
acids and bases are expanded. The material on or- 
ganic chemistry now covers more common reactions 
such as Grignard, the Friedel-Crafts, the Cannizzaro 
and the Aldol conservation reaction. In the section 
on biological chemistry you'll find a complete list of 
amino acids and their structures—their amphoteric 
properties have been rewritten. The author incor- 
porates current ideas on absorption of fat. 


By JOSEPH I. ROUTH, Ph.D., Professor of Biochemistry, State University of lowa. About 
658 pages, 53/4” x 8”, with 288 illustrations. New (2nd) Edition—Just Ready! 


New (8th) Edition! Bogert— 
Fundamentals of Chemistry 


Giving a comprehensive coverage of inorganic, organic 
and physiologic chemistry, this text makes funda- 
mentals easy to leach and easy to learn. Thoroughly 
revised, this New (8th) Edition begins with the sim- 
plest chemical fundamentals, explaining each develop- 
ment in chemical theory before proceeding to higher 
studies. New and rewritten chapters include: Fun- 
damental Facts Regarding Chemistry, Matter and 
Energy; Chemical Elements and the Atomic Theory; 
Compounds, Valence and Chemical Formulas; Chem- 
ical Changes and Equations; Chemotherapy and 
Modern Drugs. New and revised material is incor- 
porated into such topics as: oxygen; hard water; 
polythylene; hexachlorophene; nylon; linkage of 
amino acids to form proteins; vitamin B,.; digestive 
enzymes, carbohydrate metabolism; etc. The exer- 
cises at the end of each chapter have been revised, 
and in many cases completely rewritten. 

By L. JEAN BOGERT, Ph.D., Formerly Instructor in Medicine, The University of Chicago; 
Instructor in Experimental Medicine, The Yale Medical School, and Lecturer in Chemistry, 
Connecticut Training School for Nurses, New Haven; Professor of Food Economics and Nutri- 


tion, Kansas State Agriculture College, Manhattan; Research Chemist, Obstetrical Department, 


Henry Ford Hospital, Detroit, Michigan. About 632 , 52/4” x8”, with 168 illustrations, 
New (8th) Edstion—Just Ready! 


Gladiy sent to teachers for consideration of texts 
W. B. SAUNDERS COMPANY ° West Washington Square ¢ Philadelphia 5, Pa. 
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“Multiple Unit” 
MUFFLE FURNACE 


Temperatures to 1850° F. 


This furnace is a complete self-con- 
tained unit with the temperature 
indicating and controlling devices 
conveniently located in the pyram- 
idal base. Four interchangeable and 
reversible heating units of heavy 
gauge Nickel Chromium Wire in- 
stalled in grooved refractory plates 
completely surround the heating 


chamber. 


Write for Bulletin 849 for complete details. 


Type W. 


Price 


051-PT 5% 


145.00 


052-PT 4% 10 


210.00 


054-PT 5% 12 


245.00 


056-PT 7% 14 


315.00 


012148-PT* 


14 1050.00 


Operating voltage either 115 of 230 vo! 
control $230. 00. 


FOR GENERAL AND SPECIALIZED LABORATORY APPLICATIONS 


“Multiple Unit” 


HOT PLATE 


Temperatures to 750° F. 


7 Standard sizes, sturdily built 
to industrial standards. Long 
life heating units radiate di- 
rectly to the steel top plate as- 
suring fast heat up and an even 
heat over the entire top surface. 


Three switch heat control offers 
high, medium and low heats. 


its A.C. only except 012148-PT is 230 volt only. 


Write for Bulletin 835 for complete details. 


Location of 
switches on 


this edge 


Size in 
inches 


Shipping 
Weight: Ibs. 


12 12x12 12” 


20 12x18 


22 18x12 18” 


30 18x24 18” 


32 24x18 24” 


40 62x18 18” 


44* 42x24 24” 


Each Hot Plate operates on 115 or 230 volts. 


Milwaukee 1, 


@ LABORATORY FURNACES 


MULTIPLE UNIT 


MARK 


@ ELECTRIC EXCLUSIVE 


Recent Sooke 


Many familiar names appear among th. 
contributors and critics (1), and in th. 
general bibliography (2) which run- 
through 1955. Lists of books for the stud 
of technical language (3) are grouped fo» 
the study of, say, English, German, or 
Russian by French, English, Spanish, or 
other readers. There is also a good inde 

The book is well printed, on good pape) 
The pages look crowded, undoubted] 
through the need to compress this vas 
amount of information into a volume co’ 
handy size; but also because comments b~ 
selected critics have been added in smalle» 
type to many sections of the report. |: 
may not look like easy reading, but once 
started on it, you would not think o/ 
skimming, lest you miss some of those un- 
hibited comments. 

Scientific in the title of this book in- 
cludes both pure science and all applica- 
tions in engineering, medicine, industry, 
whatever. It would be a valuable addition 
to the library of any teacher or researcher 
in science and technology. But for anyone 
who now does or might like to do trans- 
lating of scientific and technical literature, 
it should be a must. 


FLORENCE E. WALL 
New York, N. Y. 


NATURAL MAGICK 


Giambattista della Porta. Edited by 
Derek J. Price, The Smithsonian Inst- 
tute. Basic Books, Inc., New York, 1957. 
ix + 409 pp. 18.5 XK 28cm. $7.50. 


Tus is a most welcome and beautiful 
facsimile edition of one of the most famous 
of all ‘‘how to do it’’ books of the Renais- 
sance. This is the scarce second English 
edition and the full flavor of Renaissance 
science and superstition can now be 
savored by any chemist or student with- 
out going to the rare book department of a 
great library. 

A critical examination of a book on sci- 
ence and technology, first written 400 
years ago, cannot be made on the basis of a 
comparison with modern volumes on the 
subject. It must be considered in the light 
of similar works written at about the same 
time. The first edition of ‘Natural 
Magick’’ was published in Naples in 1558. 
The ‘‘Secrets of Alexis of Piedmont’’ had 
appeared in Venice three years earlicr. 
Both works were translated into many 
languages, enlarged and published in many 
editions for over a century. While both 
works furnished the many accepted recip: 
of the time for making cosmetics, medic:! 
remedies, cooking, treating metals, making 
inks, Porta’s work is unique in that it also 
contained new scientific information and 
the results of “‘research’’ which are acce})'- 
able by today’s standards. Alexis’ wo: \ 
although even more popular, was on'y 
typical of hundreds of similar books whic! 
for the most part were just compilations | [ 
known recipes recorded in the literature «! 
the time or handed down by word :/ 
mouth. 

From the scientific standpoint certs » 
sections of Porta’s book are outstandi -. 
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Fberbach VARIABLE SPEED SHAKER 
FOR GENERAL PURPOSE AGITATION 


Model No. 75-683 
Price $250.00 


The utility box carrier on the variable onuet 
power unit shown here is a most versatile lab- 
oratory shaker. Various size and shape con- 
tainers are held securely by the rubber-covered 
sliding bar clamps. Speeds between 60 and 260 
oscillations per minute. Inter-changeable car- 
riers for flasks are available. Durably built 
and attractively finished. The m adnaked 
speed control will perform. on continuous duty 
without varying from speed selected. Write 
for bulletin 100D. 


Fberbach 


CORPORATION 
P.O. Box 63 Ann Arbor, Michigan 


Instrument size: 3 x 5% x 2% inches 
Case size: 3% x 6% x 4% inches 
Weight with accessories: 3 Ibs. 


shoulder strap. 


polyethylene probe unit. 


hold down or dials to turn. 


Completely self-contained in waterproof ever-ready case with 


Eliminates supports and beakers by combining the calomel 
and glass electrodes with the sample holder, in a single 


Permits continuous, direct reading of pH with no buttons to 


pH determinations of all 
Provides simple, modern way of measuring pH accurately in 
field or laboratory. 


Makes it easy for untrained, unskilled persons to learn to 
make pH readings. 

Eliminates errors due je parang techniques, turbidity, and 
presence of oxidizing g 


£125.00 


Analytical Measurements, Inc. 
585 Main Street, Chatham, N. J. ‘ 

t Please send full information about your pocket pH meter to: : 
Name 
Company 
Address 
City State 
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FUSED QUARTZ 
MEETS YOUR 
CRITICAL 
REQUIREMENTS 


CHECK WHAT VITREOSIL OFFERS: 
Absolute Chemical Purity 


Chemic Inertness 
Outstanding Electrical Properties 


Full-Range Radiant Energy — 
Transmission 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 


THERMAL AMERICAN 
FUSED QUARTZ CO.,-. INC. 
18-20 Salem Street, Dover, New Jersey 


Please send technical data on 


Street. 


i 

& Title t 
i 

at 
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In Chapter VI (p. 363) appears a clear and 
early description of the Camera Obscura. 
In Chapter X (p. 368) is a discussion of the 
use of convex and concave lens in combina- 
tions for viewing near and far objects. 
This has led many writers to claim Porta 
as the inventor of both the telescope and 
microscope. Perhaps of most importance 
to the historian of science is Book VII which 
is concerned with magnetism and which 
presents various polemics against William 
Gilbert the author of ‘‘De Magnete.”’ 

The chemist will find much of interest in 
this volume. At least half of the 20 divi- 
sions deal with chemical arts. While the 
sections on counterfeiting gold and on 
beautifying women may do no more than 
produce a quiet chuckle, the section on 
distillation will give a clear view of the 
rather advanced state of this phase of 
chemical technology in the sixteenth and 
early seventeenth centuries. 

Whether the chemist is looking for a 
book for occasional browsing, for sheer 
fun, or whether he is looking for a book 
which will give him an insight into some of 
the science and superstition of the Renais- 
sance, I highly recommend this work to 
him. 


SIDNEY M. EDELSTEIN 
DexTER CHEMICAL CORPORATION 
New York, N. Y. 


PILOT PLANTS, MODELS, AND 
SCALE-UP METHODS IN CHEMICAL 
ENGINEERING 


Robert E. Johnstone, Assistant Director of 
Ordnance Factories, Ministry of Supply, 
London; and Meredith W. Thring, Pro- 
fessor of Fuel Technology and Chemical 
Engineering, University of Sheffield. Mc- 
Graw-Hill Book Co., New York, 1957. 
xi + 307 pp. 16 X 23.5cm. $9.50. 


THE spectacular success of the construc- 
tion and operation of the butadiene plants 
and the enormous uranium processing 
plants during World War II without inter- 
mediate pilot plant operation has raised 
the question as to whether or not the pilot 
plant is necessary or desirable. The au- 
thors do not question the desirability of 
pilot plants, but they do show the engineer 
how he can scale-up laboratory data to 
give better pilot plants, and pilot plant 
data to give more economical commercial 
plants. The civil engineer has been using 
models and scale-up methods for years 
with success. 

The first section (111 pages) introduces 
the subject and deals with the mathe- 
matics of similitude, dimensional analysis, 
applicable differential equations, the re- 
gime concept, scale equations, extrapola- 
tion, and boundary effects. The second 
section (132 pages) applies these methods to 
various kinds of unit operations and proc- 
ess equipment, as ducts and flow passages, 
filters, heat-transfer equipment, packed 
towers, mixing equipment. A short chap- 
ter discusses corrosion tests and scale-up. 

The final chapter discusses analogue 
models, their theory and application, as 


(Continued on page A242) 
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The 
versatility \ 
of NALGON \ 
‘Plastic bale 


through 2” 1p. 


rrovucr 


Ask your dealer for a F-957 


ROCHESTER. 2. NEW 


World’s largest producer of Plastic Laboratory Wai: 
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ALLYN and BACON ANNOUNCES NEW waco 
.. A lucid and complete meer : LO-TEMP BATHS 


the major chemical principles . 
Controlled Cooling and Heating 


PRIN CIPLES OF Minus 10 C° to Plus 65° C 
CHEMISTRY 


by Donald C. Gregg 


Principles of Chemistry makes an original 
approach in using water as a model com- 
pound to illustrate the modern theories of 
solvation of ions and molecules, the nature 
of hydrogen bonding, redox reactions and 
acid base behavior. 


To simplify and clarify the application of chemical 
principles, this new text places continual emphasis on 
two important generalizations. 


1) Stracturally speaking there are two main types 
of compounds, the ionic and the covalent. 


2) There are essentially two main types of ordi- @ WIDE RANGE Visibility bath with BOTH mechanical 
nary chemical reactions, oxidation reduction and acid refrigeration and heating! Provides constant temper- 
ta. ature from Minus 10° C to Plus 65° C using 10” of liquid 

in a 12” uninsulated pyrex jar. Using less liquid Minus 
20° C is obtainable. 


» @ SENSITIVITY Mercury thermoregulator and a 
PRINCIPLES Hf : WACO Thyratrontube Relay controls operation of the 
OF compressor and heating unit within plus or minus .01° C. 


CHEMISTRY t : ALREADY USED FOR—Viscosity vapor pressure and other physical 
uses descrip- ee 4 data determination, organic synthesis, ASTM petroleum tests, 
¥ etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 


tive chemistry y photometers, refractometers, distillation condensers. 


to enrich the NO. JC882 WACO LO-TEMP REFRIGERATED BATH 


principles that > with Pyrex jar 12” diameter. For 115 volt 50/60 ote 
it teaches. 


NO. JC884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10’ 
deep. Range MINUS 35° C to PLUS 50° C. Three. 
for your examination copy write to: 


@ Other sizes and many accessories ava.lable to fit your 
Arthur B. Conant needs. Please write for WACO BATH BULLETIN JC-5 


Allyn and Bacon College Divisi 
LABORATORY SUPPLIES AND CHEMICALS 


41 Mt. Vernon St., Boston 8, Mass. ONG) WILKENS-ANDERSON CO. 


4523 W. DIVISION ST.. CHICAGO S51. ILLINO'S 
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im 
VACUUM 
DESICCATORS 


DURA-VAC’ 


VACUUM 


PLASTIC DESICCATOR 


(U. S. Pat. No. 2,742,709) 


COMBINES THE TRANSPARENCY 
OF GLASS WITH THE IMPACT 
AND SHATTER RESISTANCE 
OF PLASTIC 

SAFE 


Extremely Implosion Resistant. 


STRONG 

Spherical shape presents maxi- 
mum strength, both in resistance 
to pressure and deflection of im- 
pact blows. 


LIGHT WEIGHT 
52% lighter than glass. 


TRANSPARENT 
92% light transmission. 


LARGE WORKING AREA 

6%" height available at center 
above 94" dia. porcelain plate. 
Holds 2 Ibs. Drierite or similar 
material. Ample space for air 
circulation. 


Send for New Bulletin describing 
the All-New Dura-Vac — Dept. 
DV- ¢ 


ACE GLASS INCORPORATED 


VINELAND NEW JERSEY 


Midwestern Division - 
= LOUISVILLE, KY.—Box 996 
Sreetalists to Fit adastry aud Rescareh 


Recent Sooke 


the electrical analogue for thermal and 
fluid systems. An appendix defines all 
terms used, gives dimensions of various 
physical and chemical quantities, _ lists 
dimensionless groups, and lists 270 classi- 
fied references used in the book. 

Although the chemical engineering stu- 
dent is usually introduced to dimensional 
analysis in courses in fluid flow, the grad- 
uate student certainly should become more 
familiar with some of the methods and 
applications shown in this book, and with 
the book itself. Engineers in industry are 
already using these methods. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


FREE RADICALS IN SOLUTION 


Cheves Walling, Professor of Chemistry, 
Columbia University. John Wiley & Sons, 
Inc., New York, 1957. xii + 631 pp. 
16 X 23.5cm. $14.50. 


IN ELEVEN well-documented chapters, 
Dr. Walling asks the fundamental ques- 
tions about free radicals in solution: 
What are the structures and physical 
properties of free radicals? How can free 
radicals be generated in solution? What 
types of reactions do free radicals in solu- 


tion undergo? What are the bond energy 


considerations in such reactions? How do 
free radicals initiate polymerizations and 
what are the time schedules for these 
processes? What roles do free radicals play 
in copolymerization, chain transfer and 
inhibition processes? What are some of 
the other detailed physical and mechanistic 
aspects of radical polymerization reactions? 
What are the major addition reactions of 
free radicals which are of actual or poten- 
tial utilities in yielding small molecules? 
What is known about the stereochemistry 
of such addition reactions and about the 
rearrangements of free radicals? What 
are the major aspects and examples of 
halogen substitution reactions, auto-oxi- 
dations, radical formations by thermal 
cleavages of covalent bonds, and photo- 
chemical oxidation-reduction processes? 
Dr. Walling presents his answers to the 
central topics he has selected in a clear and 
challenging style, basing his answers on a 
thorough examination of and extensive 
reference to the original literature. The 
utilities of quantitative data on kinetics, 
concentration effects, equilibria, redox po- 
tentials and energy considerations are con- 
stantly pointed out; hence, many phases 
of the work are presented in mathematical 
terms and the understanding of these re- 
quires a grounding in kinetic theory and 
thermodynamics on the part of the reader. 
In preparing his interpretations, the au- 
thor has frequently made requisite calcu- 
lations based on literature data which lend 
considerable originality to the discussions. 
Much of the material, however, is pre- 
sented in a qualitative manner which will 
be readily understandable to one versed in 
general organic chemistry. Because of his 
special interest, as well as the industrial 
and theoretical importance of polymeriza- 


ARNSTEAD 
P URE WATER 


FOR 
THE LABORATORY 


STILLS 


Chemically-pure dis- 
tilled water, free from 

’ bacteria, organics, etc 
. in whatever quan- 
tity your laboratory re- 
| quires. 


Removes precise 


amounts of distilled 
water from containers 
while filtering out con- 
tamination from air 
entering the chamber. 
Filter is replaceable 
and low in cost. 


LABORATORY 
STERILIZER 


Now in two models 
« Rolling Door, and 
Hinged Door type. Elec- 
trically and steam- 
heated models. 


BANTAM 
DEMINERALIZER 


Model BD-1 produces 5 to 8 
gph. Model BD-2 operates under 
pressure. Produces 5 to 25 gph 
of purest demineralized water. 
Connects to any tap. 


NEW LITERATURE 
O Catalog ‘‘G"” on Water Stills 

© Bulletin #131 on Ventgard 

0 Bulletin #142 on Laboratory Sterilizer 

0 Bulletin #128 on Bantam Demineralizers 
0 Bulletin #139 Tin-Lined Pipe, Fittings 

Catalog 127-A Water Comineralizers 


BOSTON NEW YORK CLEVELAND 
JAmaica Academy 
4-3100 8-1557 6-2266 
CHICAGO LOS ANGELES 
Ma RYan 


53-8180 798 1-9373 
CITY SAN FRANCISCO CHATTANOOGA 
6-5863 


113 
65 Lanesville Terrace, Boston 31, Mass 
FIRST IN PURE WATER SINCE 1878 


JOURNAL OF CHEMICAL EDUCATION 


ae 
j 
‘ 
~~ 
¥ 
Bag 
> 
A 
A242 
pers 
| 


re dis- 
ee from 
ics, etc 
quan- 
tory re- 


Recent Sooke 


tion processes, these have been particularly 

Most appropriately, Dr. Walling has 
cedieated his volume ‘“‘To Morris S. 
}:harasch and Frank R. Mayo, pioneers of 
free-radical chemistry, who first aroused 
and then maintained my interest in this 
siibject.’’ There are strong reasons for 
continuing to arouse and maintain interest 
in free-radical chemistry at all levels of the 
tcaching and practice of organic chemistry. 
Walling’s book on free radicals in solution 
will certainly help to do this. 


NORMAN KHARASCH 
Usiversity or SouTHERN CALIFORNIA 
Los ANGELES, CALIFORNIA 


OEUVRES DE LAVOISIER: 
CORRESPONDANCE. FASCICULE II 
(1770-75) 


René Fric, Université de Clermont. Edi- 
tions Albin Michel, Paris, 1957. 285 pp. 
21 X 27 cm. 


Tue second part of the complete cor- 
respondence of Lavoisier appears grati- 
fyingly soon after the first, when the am- 
bitious nature of the undertaking is con- 
sidered. (For a review of Part I, see J. 
Cuem. Epuc., 33, 650 (1956).) This sec- 
tion includes all the valuable features of 
the earlier one, such as the extensive bio- 
graphical footnotes which identify the fig- 
ures with whom Lavoisier was connected. 
These footnotes alone are a significant part 
of the work, for they give biographies of 
many men who would otherwise be very 
hard to look up. 

In general, the letters in Part II are less 
personal than those previously published. 
Almost no family correspondence is in- 
cluded except for a few letters concerned 
with the death of Lavoisier’s father in 
1775. On the other hand, the letters 
given here cover a much wider range of 
subjects than those of Part I. Lavoisier 
is emerging as the busy scientist and man 
of affairs. He is still occupied with the 
tobacco monopoly of the Ferme, but his 
technical and scientific interests have ex- 
panded. He is concerned with such topics 
as the water supply of Paris, the geological 
atlas of France, the preparation and prop- 
erties of carbon dioxide, burning glasses, 
and even the superstition of water witches. 
His reputation is growing. He sends 
copies of his books to numerous scientific 
societies, including the American Philo- 
sophieal Society in Philadelphia. He is 
elected to membership in many of these 
societies. He becomes known in the ad- 
ministrative circles of the government and 
begins his work on saltpeter. In fact, he 
stands at the threshold of his most active 
years. The next part of the corre- 
spondence should carry him into the period 
of his great discoveries. It will be awaited 
with the greatest interest, for the letters 
grow in significance as the man matures. 


HENRY M. LEICESTER 
Co.Lece or AND SURGEONS 
Sax Francisco, CALIFORNIA 
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A NEW ACADEMIC PRESS BOOK 


Second Edition, revised and enlarged 


SURFACE CHEMISTRY 


THEORY AND APPLICATIONS 


By J. J. BikERMAN, Massachusetts Institute of Technology 
February 1958, 501 pp., illus., $15.00 


THIS NEW EDITION presents a detailed picture of the physical 
chemistry of surfaces and its applications in the metal, paper, 
petroleum, textile, and other industries. In order to emphasize 
the relationship with the main body of physical chemistry, the 
author stresses the relations between surface phenomena on the 
one hand and critical temperature, mutual solubility, surface 
roughness, and similar measurable quantities on the other hand. 


This revised and enlarged edition will be of interest to all those 
engaged in basic or applied research related to surface phenom- 
ena, including students, teachers, and industrial workers. 


CONTENTS: 
Liquid-Gas Solid-Liquid-Gas. Solid-Liquid-Liquid 
Liquid-Liquid Electric Surface Phenomena 
Solid-Gas AUTHOR INDEX 
Solid-Liquid Supyect INDEx. 


Detailed leaflet available upon request 


ACADEMIC PRESS INC., Publishers 


111 Fifth Avenue, New York 3, New York 


7A biography of one of the 


immortals in 


EDWARD WILLIAMS MORLEY 


His Influence on Science in America 
by Howard R. Williams 


“This is the biography of one of the immortals in science, Edward 
Williams Morley, professor of chemistry and natural history from 
1869 to 1906 at Western Reserve College and University.” 


“This biography tells not only of scientific achievements but also 
portrays the character and human qualities of a truly great man. 
The reader seems to be transplanted to a very different period from 
today, the nineteenth century. The author writes his story with a 
feeling of affection and admiration for his subject and in turn this 
feeling is passed on to the reader. From this biography, the reader 
will know not only Morley the scientist but also Morley the man.” 


“This book is recommended to the many who enjoy biography, to 
chemists and other scientists. Students in high school and college, 
when the going is sometimes hard, will be inspired in their own work 
by the examples of Morley’s victories over discouragements and by 
his devotion to scientific pursuits. With its good format, typography 
and binding, the book might well be a most acceptable gift. It 
should find a place in al! public and school and university libraries as 
well as on the shelves of most chemists.” 


NORBERT A. LANGE, Marion Cleveland Lange 
Journal of Chemical Education, March, 1958 


293 pages $6-5° 
CHEMICAL EDUCATION PUBLISHING CO. 


Easton, Pennsylvania 
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[ STOP INJURIES (| 
PIONEER THISTLE TUBES 


are UNBREAKABLE 


Our THISTLE TOPS are sup- 
plied with a special 6mm Saran 
stem ten inches long. 


Used by many of our largest 
universities. 


Also available without the stem 
for use with 6mm glass tubing. 


ECONOMICAL as well as SAFE 


Replace your glass thistle tubes 
with PIONEER THISTLE 
TUBES. 

T-6S THISTLE TOP with ten inch Saran stem, 


unassembled, price....dozen $ 5.52 
case (72) 25.92 


T-6 THISTLE TOP only, for use with 6mm glass 
tubing, price....dozen $ 4.32 
case (72) 18.72 


through leading supply houses or direct 


ask for latest bulletin describing our complete line 
minimum order $10.00 


PIONEER PLASTICS 


BOX 38 FAR HILLS BRANCH DAYTON 19, OHIO 


ULTRAVIOLET ....220-440 mz | Highefficiency and resolution. 
Suitable for a wide variety 

of applications. 8”x8”x4”, 
weight 4 Ibs. 


For Complete details, Bulletin No. 811 


_FARRAND OPTICAL CO., Inc. 


BRONX 


IMMEDIATE AVAILABILITY 


Modern scientists demand not only the finest 
in scientific and industrial porcelain but require 
also, immediate availability and delivery of that 
product when and where needed in the shortest 
possible time. 

Coors Porcelain Company is prepared to meet 
that challenge. 

Coors highly efficient — preduction fo consumer 
flax — embraces quality production, constantly 
maintained and improved — rigid inspection by 
qualified experts — stocking of thousands of 


PRODUCT 


COORS is the best buy 


cataloged items at the factory warehouse and 
at dealers located in all major centers. 
Careful packing and packaging assures delivery 
in perfect condition. 
Thus American made Coors scientific and 
industrial porcelain — the world's finest — is 
abundantly stocked and made immediately 
available to the smallest testing laboratory or 
the largest industrial plant. 

Coors PORCELAIN COMPANY 

GOLDEN, COLORADO 
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PRECIPITATION OF RUBBER LATEX CA Chem Hd 


Submitted by: R. E. Dunbar, North Dakota State College, Fargo 
Checked by: John Kieft, Lewisburg High School, Lewisburg, Pennsylvania 


PREPARATION 


A colloidal dispersion of natural or synthetic rubber 
latex is diluted with distilled water to approximately 
five times the original volume. 


DEMONSTRATION 


The slow addition of 6N hydrochloric acid with vig- 
orous stirring dramatically produces a voluminous pre- 
cipitate of coagulated rubber. Wash the precipitated 
rubber in water, squeeze into a small ball and bounce it 
on the table. 


REMARKS 


The slow addition of a limited amount of acid fol- 
lowed by stirring produces partial coagulation and the 
first crop of gelatinous material. Further intermittent 
additions of acid followed by persistent stirring between 
each addition will yield several consecutive masses of 
precipitate and rubber. 

Latex may be obtained from the rubber companies, 
chemical supply houses or see below. 


Journal of Chemical Education - May, 1958 


PREPARATION OF A POLYMER LATEX CA Chem Fa 


Submitted by: Ralph L. Guile, Michigan State University, East Lansing 
Checked by: Burton D. Cardwell, Maywood, Illinois 


PREPARATION 


Prepare a 2% aqueous solution of Duponol G. This solution 
is stable and can be kept for long periods. Prepare an aqueous 
solution containing 2% potassium persulfate and 2% sodium 
metabisulfite. This is a redox system and will decompose. For 
best results it must be freshly prepared. 


DEMONSTRATION 

Dilute 10 ml. of the redox system 2% potassium persulfate-2% 
sodium metabisufite to 40 ml. with water. Dilute this 40 ml. to 
80 ml. with the 2% Duponol G solution. Using 10 ml. of the 
above mixture add to it 1 ml. of styrene. Styrene need not be 
uninhibited. 

This will give a system for emulsion polymerization of the 
styrene consisting of a solution containing 1% Duponol G (dis- 
persing agent), 0.5% potassium persulfate (catalyst), 0.5% so- 
dium metabisulfite (activator) and a monomer to aqueous ratio of 
1:10. 

Shake WELL to prepare an emulsion. Allow to react at room 
temperature shaking occasionally for thirty minutes. At the end 
of this time the result is a polymer latex. 


REMARKS 

Since the reaction of addition polymerization by free radicals 
is subject to inhibition by impurities, a longer time may be neces- 
sary depending on the amount of impurities in the system. A 
blue opalescence indicates polymerization which can be checked 
by coagulating a portion of the latex by adding strong mineral 
acid. 

The latex will be stable and can be stored. 


Journal of Chemical Education + May, 1968 
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Ram pressures 
20 to 70 tons 


Controlled 
temperature 


We build presses for every purpose in the fields of rubber and 
plastic moulding, laboratory testing and graphic arts. Write for 
circular or if you prefer we’ll have our nearest representative 


tall on you... 
PHI PRESS 
formerly Preco 


PASADENA HYDRAULICS, INC. 
1438 Lidcombe, El Monte, Calif. 


For more than 


68 Years 


the World 
~ turned to 


RACINE 


for the finest in 


entific supply Firms 
locally, write us. 


for the Lotest 
CATA Lo G 


wis RACINE & COMPANY, INC 


Specialists in Fine Timers — Since 1890 
20 WEST 47th STREET, NEW YORK 
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Research Grade PURE WATER ON TAP. oe 
DEMINERALIZED WATER AT FAUCET FLOW DELIVERY 


Plenty of lon-Free Water 
For Class Use 


The D-Ion Master Cabinet Model de- 
mineralizer ne a practical solution to 
the problem supplying chemistry 
classes wi ¥.. 7. water in adequate 
quantity. Eliminates need for water 
stills—Large savings in time and equip- 
ment. No storage tanks are required as 
water is available instantly at flow rates 
up to 100 gals. per hour. This unit 
houses a purifying cell of mixed bed ion 
exchange resins. When built-in purity 
light shows resin is exhausted, cell is re- 

turned to factory 


D-lon Master 
Cat. No. 8120. 
$210.00 up. 


rates up to 60 gals. per hour. 


TABLE MODEL—An exceptionally conven- 
ient laboratory demineralizer, featuring flow 
tinuous 
flow, instant connection to laboratory faucet. 
Has direct reading purity meter and choice of 


two kinds of resin refills to supply deminera- 
$59.50 


lized water for any need. 


Write for descriptive literature— 
Other models also available 


ION EXCHANG 


PRODUCTS 
INC. Chicago 19, Ill. 


9349 S. Cottage Grove 


How avatalle... 


3- 


Acetonedicarboxylic 
Diph 
Alanylglycine; All 
Ansetine; Ar 


joride; Adenosine D 


lestero Cireule- 
Columbium Chloride, 


inate, orbic Acid; Desox 
Desthiobiotin; Dialuric Acid; 

Yihydroxyecetone Phosphate; Fluorophosphate; Di 

indosuccinic Derivatives; Sex ilin; Erucic Acid; 

l-Ethionine; Ethylenediam etraacetic Ethyipyridiniom 
ide Gitoxin, A Gluco- 

osphate; 

ycylt ney 


Acid; 
8-Mercapt Mestaline Sulfat 
Acid 


Nitrosomethy i wee ic Acid; Para- 
Phenylpyr: 7 Phosphopyr hiocol; gnenol 
wie Acid; Pyocyanine; Pyrimidine; Reductic 
Acid) Sodivm Amide, Sodiu Sehin ingomyalin, 
phenyly p-Terphenvi; Thiomalic Acid; 8-Tocopherol; 


Ask us for others! 


DELTA CHEMICAL WORKS, ING 


West 60th St. New York 23,N. Y. 
Telephone Plaza7-6317. 


| 


JOURNAL OF CHEMICAL EDUCAT! 


ON 


FINEST bench press ever made | | 
D-1 50 
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Photometers 


Klett-Summerson 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


L 


—————KLETT SCIENTIFIC PRODUCTS 


GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


| ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
| 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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Beckman DK Automatic 
Recording Spectrophotometer 


Widest wavelength range— 
plus near-infrared 


With the analyst’s growing interest in the 
near-infrared region of the spectrum, it is 
significant that the Beckman DK Spectro- 
photometer has been selected as the standard 
in producing near-infrared curves. 


The near-infrared region, from .7 to 3.5 
microns, is proving valuable in many fields, 
and especially in rocket fuel investigations. 
In fuming nitric acid for example, detection 
and measurement of water content is critical 
because the presence of 1% water sharply 
cuts burning efficiency. 


Beckman DK-1 and DK-2 are fully auto- 
matic recording instruments. With operating 
versatility and a broad line of accessories for 
hundreds of research and quality control 
applications, they offer the widest wavelength 
range—185 my to 3500 my (.185,y to 3.54)— 
taking full advantage of ultraviolet and visible 
regions plus the important near-infrared. 


Ask your factory trained Aloe Representative for 
a demonstration. Write for bulletin A16-K. 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully-Stocked Divisions Coast-to-Coast 
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APPARATUS CHEM ED BUYER'S GUIDE SERVICES 


IT’S CATCHING ON! 
nein re tht UNKNOWNS 


Manufacturers’ representative the new 


For 
DIALYZING 4= Ar Qualitative Analysis Classes 
of three-dimensional training by Kern alloys. Ready for analysis. Detailed list on 
id Would rk i icel is finding small quantities of solu- request, Jest fer USCE. 
aids. ould work in nicely ion ‘eat be a This smal Pyre - The complete set of one hundred samples, 8 
1 mi. in 1 ml. volumes ompeniion but ge uote 40 


with your present line—not Buffer filling and membrane (55 mm. de. ) can be A Gon end compos Chest of U 
wed eosin. Dialysis can be performed overnight Ab 
Descriptive leaflet available from distributors of Cargille Unknowns have been used 
‘ Kern Full-Circle Polarimeter and Micro-electro- in many colleges since 1932. 
potential. Contact by letter phoresis Apparatus: R. P. CARGILLE LABORATORIES, INC. 


5 Beekman Street 117 Street New York 6, N. Y. 
0: of KERN COMPANY Liberty ew 


the Dia-Print Company, Send for our 1957 - 1958 
239 William Street, Williams- Catalog listing the finest ~*~ 
port, Pa. organic chemicals available 


H&S CHEMICAL 
CORPORATION RADIATION EQUIPMENT & KITS 
Write for Prices and 


R A R E a nd F | N E OR 6 A N | C § Radiation Safety Suggestions 


ATOMIC RESEARCH LABORATORY 
BORON TRIIODIDE, m.p. 49°C 10717 Venice Boulevard Los Angeles 34, Calif. 
$15.00/10g.; $90.00/100g. . 168 EATON STREET 


ACETOBROMOGLUCOSE 

CYANAMIDE (cryst) m.p. 42°C. BUFFALO 8, NEW YORK 
ETHYL PYRUVATE 
HYDROXY PYRUVIC ACID 
N-NITROSOMETHYL UREA 


PHLORETIN ="... a most useful reference."= 
SELENOUREA 
THIOCTIC ACID (Lipoic Acid) 


Teor Aa 25-Year CUMULATIVE INDEX 


Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quiek source of infor- 


mation for many articles written on chemistry and 

BRYDEN ROD CLAMPS chemical education during the quarter of a century 

1924-1949. Starting out somewhat hesitatingly and 

as a relatively small volume, the Journal of Chemi- 

Best for all cal Education has reached state of stability and 

— Laboratory world renown possibly exceeded by only two other 
Purposes science publications in America. 


Grydes Claman: “The volume is indexed both by author and by 
are lighter, a article title. It should serve as a great time-saver 
for chemical education and science education re- 

tighter joints, sy | search workers.” 

Science Education, April 1954 


or broker to handle new line 


competitive. Extremely good 


without A.E.C. license 


“Quality Products for Atomic Education” 


Brydens ae $4. posteaw ($4.50 foreign) 


Rod Clamps 
Round Red to Square Clamps Journal of 


Write for FREE literature today CH EMICAL EDUCATION 
CHANDLER & STEDMAN EASTON, PENNSYLVANIA 


398 Newton St. Waltham 54, Massachusetts 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


Now over 5100 
cuemicats 


e Strontium Salicylate 

e Strontium Thiocyanate 
e Succinylcholine Chloride 
e Syringaldehyde 

e Tagatose, d 

e Talose, d 

e Tantalum Carbide 

e Tantalum Nitride 

e Tartronaldehydic Acid 

e Tellurium Tetrabromide 
e Tellurium Tetrachloride 
e Terbium Oxide 

e Tetrabromostearic Acid 
e Tetrabromo-o-xylene 

e Tetracene 

e Tetrahydroanthracene 

e Tetrahydro-a-furoic Acid 
e Tetrahydro-p-quinone 

a-Tetralone 

e Tetramethylurea 

e Tetraphenylethylene 


CHEMICALS 
METALS 


RA R MINERALS 


RARE EARTH COMPOUNDS IN QUANTITY 
Send for New Lists 


A. D. MACKAY, INC. 


198 Broadway, New York 38, N. Y. 


Academic Press, Inc. 
Ace Glass, Inc 
Agency: Ray Hawley, Adv 
Ainsworth & Sons, Inc., Wm.. .A222 & A223 
Agency: Walter L. Schump Adv. 
Alberene Stone Corp. of Va 
Agency: G. M. Basford Co. 
Allied Chemical & Dye Corp. 
Agency: Benton & Bowles, Inc. 
Allyn & Bacon, Inc. 
Agency: Bernard F. 
Aloe Scientific, Div. of A. S. Aloe Co. A247 
Ageney: Frank Block Associates 
American Vulcathene, Div. of the 
Nalge Co., Inc. 
Ageney: Harry Lefler, Adv. 
Analytical Measurements, Inc. 
Agency: Ray Ellis Adv. 
Angel & Co., Inc., H. Reeve 
Aceney: Eckstein-Stone, Inc. 


Baker Chemical Co., J. T. A212 & A213 
Acency: Wildrick & Miller, Inc. 
Baker ‘Adamson, Gen. Chem. Div., 
, Allies Chem. & Dye Corp. A217 
eney: Atherton & Currier, Inc. 
Barns istead Co.. A242 
A-eney: Cople: v. Agenc 
Bociel & Con — 
Aceney: Lethen Advertising 
Burrell Corp. 
Avoney: Prank Wilhelms 


Central Scientific Co 
Aveney: Marsteller, Rickard, Gebhardt 


& Reed, Inc. 
Chem Ed Buyers’ Guide A248 & A249 
Chicago Surgical & Electrical Co., 
Div. of Labline Inc 
Coleman Instruments, Inc. 
Aveney: Hollander = Weghorn 
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TRADE-MARK 


SCINTILLATION PHOSPHORS 
FOR LIQUID AND PLASTIC COUNTING 


“POPOP" (Scintillation Grade) 
M.P. 245-246° C 


p-TERPHENYL (Scintillation Grade) 

M.P. 211-212° C 

Fluorescence Max. 3460A 
ADIENE 


PHENYLBIPHENYLYLOXADIAZOLE 
(Scintillation Grade 
MP. 167-4 69° C 
Fluorescence Max. 3700A 
CADMIUM PROPIONATE, Anhydrous 
M.P. 182-185° C 
Solubility: 129 per 100 ml. of 1: 9 metha- 
nol-toluene 


Available from stock . .. write to Dept for 
free booklet on these products. 


ARAPAHOE CHEMICALS, INC. 
2800 PEARL STREET + BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


| THALLIUM PERCHLORATE l 
THALLIUM SELENITE 

THALLIUM THIOCYANATE | 

| Some of the many special chemicals we l 
manufacture 

Write for our list of rare chemicals | 

®s CITY CHEMICAL CORP. 4 

132 W. 22nd St. New York 11, N. Y. 
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Coors Porcelain Co. 

Agency: Frank L. Philips 
Corning Glass Works, Inc.......... 
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Delta Chemical Works, In 
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INDEX 


Fisher 
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McGraw-Hill Book Co., Inc. 


[APRONS 


Laboratory 


| 

COATS 

| Standard for Over Forty Years 
SIX QUALITIES in FOUR SIZES 

| GROUP PRICES-BONUS APRONS 


well made - strong tapes- the six 
different qualities with a wide 
price range are designed to fit 
your needs for good aprons at 
the price you want to pay. 


SEND FOR CIRCULAR 
NO. 15 j 

For Information-Material 

Somples and Prices on 


> LABORATORY APRONS 
> and COATS 


| K sj, | LAB COATS: Distinctive 

style- cop quality materials. 

| Made especially for lab use. 
7 Choice of five colors. 

| NONE BETTER ~- Worn by 

thousands. Sent you prepaid 

| and your satisfaction guar- 


anteed. Light weight - cool 
+ durable and comfortable. 


15 East McWillioms Street 
| FOND DU LAC, WISCONSIN 


AT LAST — AT LAST 
RUBBER FLASK SUPPORT 


Out wears cork. Cannot weer out 
Ideal for water immersion reactions 
100-500m! Flask $1.25 ea. (6) $1.00 ea. 
1000-3000mi Flask $1.75 ea. (6) $1.50 ea. 
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18 REASONS 


TO COMPARE 

C.S.cE. IMPERIAL 
CENTRIFUGES 
BEFORE YOU BUY 


Keyboard control center 
Really up-to-date design 
Accurate speed setting 


with Powerstat 
speed control 


6,000 R.P.M. 
direct-connected speed 
indicator 

2 hour timer and by-pass 
switch 


Line switch with pilot light 
Safety switch shuts off 
power when top is opened 
Switch operated electric 


brake—no brake shoes, 
no lining, no levers 


Lubricated-for-life rugged 
ball-bearing motor 


Completely U.L. approved 


Modern cabinet with 
Formica work surface . . . 
same height as your 
laboratory furniture 


Accessory storage space 
Durable Sand-Tan finish 


Use your present heads 
and accessories — all fit 
and operate safely 


Meet Veterans Admin. 
specifications 

Backed by almost 50 
years of experience 


3 “advance design” 
models to meet all 
laboratory needs 


Priced to give more 
plus value 


Imperial Model No. 10, Size No. 1 
Imperial Model No. 20, Size No. 2 


Imperial Model No. 20R, 
Size No. 2, Refrigerated 


You can learn Russian 


CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book will be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
connected with some large firm or 
organization employing a qualified 
translator. A surprising number of 
the free-lance technical translators 
available do not have an elementary 
knowledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemist has to be 
reasonably intelligent, he needs 
only and Chemical Rus- 
sian, Self-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
experience in studying by them- 
selves, however, and should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. Perry’s 
chapter entitled Suggestions for 
Study Methods. Here the approach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, 2s 
well as the Glossary of Technica! 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles 0! 
technical articles.” 


Ludmilla I. Callaham, 
CHEMICAL ENGINEERI\‘ 


221 pages $4.C0 


Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 
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¢ Completely self-contained, with bath unit 
totally enclosed for safety 

¢ Built-in capillary vibrator to insure 
uniform packing of sample 

¢ Lagless heat transfer for 
rapid heating and cooling 


CAPILLARY MELTING POINT 


APPARATUS 


Developed by Dr. John R. E. Hoover, of Phila- 
“delphia, for determining with ease and accuracy 
capillary melting points in accordance with official 
U.S.P. and other methods. 

Consisting of oil bath with electric stirrer, light- 
weight heating element controlled by autotrans- 
former, built-in capillary vibrator, etc., combined 
in a single sturdy unit. 

The lightweight heating coil offers the advantage 
of rapid response to changes in input voltage. This 
permits heating the bath rapidly to within a few 
degrees of the anticipated melting point and then 
quickly reducing the heating rate to raise slowly the 
temperature until melting occurs. The bath may 
then be cooled rapidly for the next determination 
by attaching the laboratory compressed air line to 
the fitting provided. 

A standard 100 ml beaker of borosilicate glass 
is used as the melting point bath, eliminating 
replacement of costly custom glassware in the event 
of breakage. The bath is protected from dust and 
air currents by being completely contained within 
the instrument case. Observation of the melting 
point is facilitated by the magnifier and adjustable, 
self-contained lighting. Oil bath is stirred by an 
electrically driven stirrer with speed controlled 
from instrument panel. Provision is made for run- 
ning as many as five samples simultaneously. 

A unique feature of the apparatus is a built-in 
capillary vibrator which permits the capillaries to 
be shaken violently and uniformly, thereby insur- 

ARTHUR H. 


PHILA USA 


LABORATORY APPARATUS 
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More and more laboratories rely on Thomas 


ing uniform packing of sample in the capillary. 
Instrument is housed in a gray metal case, with 
thermometer protected by metal guard. For ease 
in replacing or changing the bath liquid, bath 
assembly, including stirrer and thermometer, can 
be lifted out of the cabinet. 


Showing bath unit 
lifted out of the 
cabinet for replac- 
ing bath liquid, etc. 


6406-H. Capillary Melting Point Apparatus, Thomas- 
Hoover “Uni-Melt,” electrically heated, as above de- 
scribed, complete with thermometer— 10 to 360°C, calibra- 
tion standards, heating rate calibration chart, 3 oz. Silicone 
Oil, 1 viol Capillaries, and 6 ft. three-wire connecting cord 
with 2-prong attachment plug cap; for 115 volts, 60 cycles, 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD ¢ PHILADELPHIA 5S, PA. 
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A basic orientation text... 


FUNDAMENTALS OF HIGH POLYMERS 
by 0. A. BATTISTA 


Head of Analytical Group, Research and Development Division, American Viscose Corporation, Marcus Hook, Pa. 


This authoritative, fundamental text covers every important area of CONTENTS: 
high polymer science. Here is a unique presentation written es- ee 

Chemistry of High Polymers 
pecially for those who need a basic knowledge of this vast field. Formation of Product from Long Chain Molecules 

e Creation of a Hi ‘olymer 
The book’s treatment is as broad as the subject it covers, thus bring- Architecture end Geometry of Long Chain Molecules 
M t of Properties of High Pol 
ing within one volume the entire scope of the industry. As an intro- Solution State — 
Olid State Properties 


duction to this rather complex subject, the book is unequaled. It Physical Properties of High Polymers 
The Future of High Polymers 


resents all types of high polymers in a manner especially suited to Appendix |—IIlustrati d Tabl 


the non-specialist. 1958, 170 pages, $5.50 


EFFECTS OF RADIATION ON MATERIALS = Automatic Control Library . . . 


Fated J. Us. Office of AUTOMATIC CONTROL: Principles & Practice 
3 onsultant to artin Co. 

MORSE, Nuclear Div., the Martin Co., and W.G. RAUCH, — by WERNER G. HOLZBOCK 

U.S. Office of Naval Research Chief Engineer, Askania Regulator Co., Chicago, Ill. 


The changes that radiation produces in metals, ceramics, plas- This much-needed guide offers the practical results of sci- 
tics and a wide variety of other materials are thoroughly entific research on control systems in nonmathematical terms. 
covered in this momentous new book. It contains the papers It provides sound coverage of principles and applications. The 
delivered at the radiation effects colloquim jointly sponsored by book begins with the dynamic behavior of control systems, in- 
the Office of Naval Research and The Martin Company at Johns cluding static requirements and adjustments for peak per- 
Hopkins University in March 1957. Twelve leading authorities formance. Next, it covers mechanical and electrical com- 
analyze the results of their own actual experiments with various ponents—measuring elements, controllers, and the specific part 
materials. Solid state physicists classify fundamental and quali- played by control valves. The final section describes the various 
tative effects according to type. Metallurgists and chemical control systems and their specific applications. The book is 
engineers make a quantitative evaluation of radiation effects organized from the topical or descriptive approach rather than 
on physical properties. The book also includes current con- the mathematical. The material on servo systems is concerned 
cepts of radiation effects and discusses experimental approaches with practical concepts instead of theory. Throughout, the aim 
to radiation studies. The outstanding authorship, and the sub- is to allow the reader to derive direct benefits by understanding 
ject’s timeliness and importance establish this book as a mile- the design and application of control systems for automatic 
stone in technical literature. An extensive bibliography brings processes. 

together the enormous amount of literature on the subject from 1958, 282 pages, $7.50 


every part of the globe. 
1958, 395 pages, $10.50 
Two New Additions to the Reinhold PLASTICS APPLICATIONS SERIES: 


CELLULOSICS FLUOROCARBONS 


by WALTER D. PAIST by MERRIT A. RUDNER, 


Enflo Corporation, Maple Shade, N. J. 


The purpose of this new book is to present a clear, concise story 
of the applications of cellulosics based on their properties. It 
cites as many examples as possible of uses which have proved 
successful. A general introduction precedes the chapters on 
chemistry, general properties, and fabrication. These are fol- 
lowed by the applications—twelve general categories of them 
that include the important examples. An appraisal of the in- 
dustrial future of the cellulosics completes this outstanding 
survey. 


This is the initial book on the fluorocarbons, and it completely 
covers their properties, chemistry, processing and fabrication 
techniques, and final applications. It also demarcates the efi- 
cient use of these materials by describing their capabilities and 
limitations a$ compared with other plastics. Sufficient case 
histories are offered to emphasize the benefits derived from the 
fluorocarbons in solving a materials problem. The electrical, 

and future applications discus: rom the standpoint of presen 
trends. The abounds in helpful charts, tables of proc 


essing data, and illustrations. 
1958, 256 pages, $5.75 


Send today for your ON-APPROVAL Copies 


REINHOLD PUBLISHING CORPORATION Dept. M-265 430 Park Ave., New York, 22, N.Y. 
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New PYREX brand Student cylinder is strong, accurate and chemically stable. Priced low to help keep budgets in line. 


This New PYREX® graduated cylinder 
is priced low for school budgets 


Now you can provide Pyrex brand each cylin- 


ders for your students for as little as $1.03 each 

This new, low-priced Student cylinder is designed 
specifically for school laboratories. We make it with 
the same care and attention to detail given all our 
Pyrex Labware. But it costs us much less to make so 
we pass the savings on to you. 

It’s supplied in two parts: the Pyrex cylinder col- 
umn is accurate, strong and chemically inert; the 
detachable plastic base is sturdy and hex-shaped for 
extra stability. 

You can save money even if a student should break 
this cylinder because the column can be replaced for 
less than the cost of the complete unit. 


Include this cylinder in your next laboratory sup- 
plies requisition—and group all PyREx Labware to get 
low unit costs through quantity discounts. Check the 
new PyREX Labware Catalog LG-1 for additional 
glassware designed for student use. If you don’t have 
a copy, we’d be pleased to send one to you. 


*25 ml cylinders are priced as low as $1.03 when included with any 
assortment of 100 packages of Pyrex brand Labware. Ask your dealer 
for complete prices, or write us for Supplement No. 1 to LG-1. 


CORNING GLASS WORKS 
yw 76-6 Crystal Street, Corning, New York 
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with the new 


TEST TUBES | 


AND EASIER... | 


Now you can clean up to 300 popular size test 
tubes in just three easy steps. The Ambherst- 
Boekel Test Tube Washer operates on the time 
tested syphoning principle featured in the well- 
known Boekel Pipette Washer. After soaking, the 
operation is automatic. The reasonable cost of this 
new washer is rapidly amortized in the saving of 
time alone. 


HERE ARE THE THREE STEPS TO CLEAN TEST TUBES 


WASH 


Dirty test tubes are The test tube carrier is re- As the water level raises, 

ed in heat resistant moved from the soaking the test tubes are com- 

glass tank filled with operation and tioned pletely filled without en- 

chremic-acid solution or in the washer. it auto- trapping air. As water 

boiled with detergent in matically tilts up and flows out, residuum is 

metal tank. down a washing action is syphoned out of tubes 
created. and tank. 


No. 1377 Complete Amuerst-BorekeL Test TuBE OutFiT in- 
- cludes one each of Washer, Stainless Steel Carrier, Heat-resisting Glass 
Tank and Glass Tank Lid of Stainless Steel. 


DETAILED LITERATURE AVAILABLE 
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IN SCHOOL AND COLLEGE LABo. 
RATORIES J-M Colorlith offers proof of 
its practicality and attractive appearunce, 


New personality for hard-working labs 


handsome, tough, colorful 


Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown. 


Here's the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 


‘material—Coloriith—and it’s ready to help 


you bring new color and design into the 


school and industrial laboratory. 


Made of asbestos and cement—Colorlith 


’ offers all these important advantages: COLOR. 


—makes any lab a showplace. WORKABILITY 
—offers new design freedom. (Large 4’.x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—resists years of 
strenuous service—can be used in thicknesses 


as lowas for resurfacing and fume hoods. 
Heat RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 

For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-M representative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


A.1. A. File No. 35-E-1-2 


4) IN INDUSTRIAL LABORATORIES Colorlith 
| provides inviting working conditions for many of 
| the top names in American business. 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


NEW APPARATUS AND EQUIPMENT 


» Microchemical Service, Douglaston, 
New York, has developed a ‘“‘Zone-Melter”’ 
which utilizes the zone melting principle 


> A variable-range humidity and temper- 
ature recorder controller of high accuracy 
is now available from Serdex, Inc., 12 Bow- 
din Square, Boston 14, Massachusetts. 


> The PUC Multistage Dispersion Mill 
representing a completely new and im- 
proved method for wet milling and grind- 
ing, homogenizing, dispersing, emulsify- 
ing, and extracting, has been added to the 
machinery line of equipment marketed by 
The Pfaudler Co., 1062 West Ave., Roch- 
ester, New York. 


p> The precision Beckman Liquid Sampler 
—a unique syringe-type microchemical 
tool—is capable of handling precise liquid 
volumes in quantities as small as 0.005 cc. 
to 0.05 ce. with reproducibility of +0.5% 
to 0.1%. Contact Beckman/Scientific 
Instruments Division, Fullerton, Califor- 
nia. 

p> A complete pulse analyzing and readout 
system said to be particularly valuable in 
the identification of unknown isotopes, 
studies of short half-life elements, and for 
observing the operation of ion exchange 
column has recently been developed by 
BJ Electronics, Borg-Warner Corp., 3300 
Newport Blvd., Santa Ana, California. 


(Continued on page A262) 


for purification of organic compounds. 


p Researchers who work with vacuum 
and that ever-present cold trap will wel- 
come the new Fisher “‘Levelator’’ as a time 
and labor saver. This handy glass device 
automatically maintains any desired level of 
liquefied gas, within a quarter-inch, in the 
cold finger or freezing bath of any appara- 
tus. The “Levelator’ works as well with 
liquefied air or oxygen as with liquefied 
nitrogen. Contact Fisher Scientific Co., 
309 Fisher Building, Pittsburgh 19, Penn- 
sylvania. 


p> Ace Glass, Inc., Vineland, New Jersey, 
is now supplying a ‘Dura-Vac’’ plastic 
vacuum desiccator which combines the 
transparency of glass with the impact and 
shatter resistance of plastic. 


> A new and versatile cold cathode glow 
tube sealer, Model 131A, for general pur- 
pose radioactivity counting is being manu- 
factured by Baird-Atomic, Inc., 33 Univer- 
sity Rd., Cambridge 38, Massachusetts. 


> A newly designed laboratory magnetic 
stirrer, having a rigid clamp cast integrally 
with the base, is announced by Arthur 8S. 
LaPine & Co., 6001 So. Knox Ave., Chi- 
cago 29, Illinois. 


> Infrared air pollution studies, where 
concentrations of less than 1 p.p.m. of 
ozone, carbon monoxide, and oxides of 
nitrogen or sulfide must be determined, 
are now possible with a long path cell de- 
veloped by the Instrument Division of the 
Corp., Norwalk, Connecti- 
cut. 


> After several years of intensive research, 
the American Instrument Co., 8030 Geor- 
gia Ave., Silver Spring, Maryland, an- 
nounces the first American made vacuum 


thermal balance. 


> A new, portable Dewpoint Indicator 
which permits continuous dewpoint mea- 
surement over a wide temperature range 
has been developed by Weighing & Con- 
trol Components, Inc., of Hatboro, Penn- 
sylvania. 
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Chemically inert, 
non-toxic 


—Glass-clear for 


—Tough, flexible 
to couple 


Meets every lab. 
tubing test 


Tygon is a registered Trade Mark 
of The U. S. Stoneware Co. 
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OUT OF THE 


Edttor's Gasket 


> A radiation shielding window featuring 
a tapered housing that cuts installation 
and maintenance costs has been developed 
by Corning Glass Works, Corning, New 
York. 


> Quick and convenient measurements of 
high vacuum on production systems with 
laboratory accuracy are possible with the 
ruggedly built shock-resistant Stokes 
McLeod-type vacuum gauges, described 
in a new data sheet, No. 561, just published 
by the Vacuum Equipment Division of 


F. J. Stokes Corp., 5500 Tabor Rd., 
Philadelphia 20, Pennsylvania. 


p> Arthur H. Thomas Co., Vine St. at 
Third, Philadelphia 5, Pennsylvania, an- 
nounces the availability of a new paper 
chromatography apparatus for micro 
quantities (1 microliter portions) of test 
solution. 


p ‘“Poly-Zinc’’ is the new priming coat for 
steel that contains 92% metallic zine. It 
kills corrosion and prevents rust by cath- 
odic action of the zinc, in the same way as 
hot-dip or electro-galvanizing. For fur- 
ther information write American Cold 
Galvanizing Co., 31 Hudson St., Cam- 
bridge 38, Massachusetts. 


p> The new Micro-Projection Viewscope 


your 


SCIENCE 


deserves 


DEPARTMENT 
THE BEST..- 


3 
HARVARD TRIP BALANCE 
Model No. 550-S 


LOW INITIAL COST 
Models from $20.50 
LONG LIFE-LASTING 
CORROSION 
PROTECTION 


SELF ALIGNING 
AGATE BEARINGS 


HARDENED STEEL 
KNIFE EDGES 
HIGH STRENGTH CAST 
* ALUMINUM BEAM WITH 
* ENDS CROSS-BRACED 


*CAPACITY-2KG. 
, SENSITIVITY—0.1 GRAM 


for complete 
information WRITE 
for FREE bulletin! 


SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 


is an exclusive development of Reichert 
and will fit any microscope with a monocu- 
lar tube. The most important features of 
this projection viewscope is its un que 
prism lens system that produces brilliant, 
clearly defined images on a 5” diameter 
Fresnel Lens viewing screen. Write Wj. 
liam J. Hacker & Co., Inc., 82 Beaver St, 
New York 5, N. Y. 


> Fused silica crucibles for melting sil. 
con, germanium, and other semiconduc- 
tors where extremely careful control oj 
purity is required are now available ‘rom 
Corning Glass Works, Corning, New Y ork, 


@ Bulletin B-240-A describes the famous 
Coleman Junior Spectrophotometer, which 
is now offered in 3 Models and with 
choice of 4 power supply arrangements. 
Two band-widths are available—35 and 
20 millimicrons. Two of the Models are 
equipped for plug-in use as sensitive gal- 
vanometers in conjunction with Coleman 
Flame Photometers and Photofluorome- 
ters. Write Coleman Instruments, Inc., 
318 W. Madison St., Maywood, Illinois. 


@ Catalogue and Price List 58 of the scien- 
tific Glass Apparatus Co., Inc., 100 Lake- 
wood Terrace, Bloomfield, New Jersey, 
describes ‘“‘Briskheat’’ heating jackets and 
tapes. 


@ A 1958 catalogue listing more than 500 
monomers and polymers for research has 
just been released by the Borden Chemical 
Co., 5000 Langdon St., Philadelphia 24, 
Pennsylvania. 


@ A new 12-page booklet titled X-ray 
Analysis Theory & Instrumentation is avail- 
able from the Instruments Division, Phil- 
ips Electronics, Inc., 750 So. Fulton Ave., 
Mount Vernon, New York. 


@ Copies of Esters by Glyco, a revised 24- 
page catalogue, are now available from 
Glyco Products Co., Inc., Empire State 
Building, New York 1, N. Y. 


@ A 36-page book that explains how Ten- 
ite polyethylene resins can be used to make 
a wide variety of functional and attractive 
plastic products has just been published 
by Eastman Chemical Products, Inc., 
Kingsport, Tennessee. 


@ Ask your nearest Will Laboratory Sup- 
ply & Service Center (Rochester, New 
York, Buffalo, Baltimore, Atlanta, 5. 
Charleston, West Virginia) for their new 
16-page LabLog No. 1-58. 


@ New Fischer & Porter Catalogue 80-23, 
New Precision in Glass Fabricating, dis- 
cusses fabrication, materials, tolerances, 
and applications of precision glass prod- 
ucts. For a copy, write Fischer & Porter 
Co., 691 Jacksonville Rd., Hatboro, Penn- 
sylvania. 


@ A compilation of over 600 references to 
books, journals, articles, theses, etc., pub- 
lished between 1920 and 1957, listing the 
basic sources and standard reference works 
covering subjects from aeronautics to 20- 
ology, is available from Gertrude Schutze, 
801 Crotona Park, North, New York 60, 
N. Y., at $1.00 per copy. 
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@ The publication Directory of Independ- 


ent Commercial Laboratories Performing 


Research and Development, 1957 was just 
released by the National Science Founda- 
tion .nd is the most recent available list- 
ing o! this type of laboratory and its ac- 
tivities. Copies may be purchased for 40 
cents from the Superintendent of Docu- 
ments, Government Printing Office, Wash- 
ington 25, Dc. 


@ The Thomas Alva Edison Foundation 
has published four new pamphlets about 
science education: The Balance Sheet on 
Education—H. G. Rickover, Rear Adm. 
USN; The Oklahoma Science Education 
Story; The Indianapolis Science Education 
Story; The Detroit Science Education 
Story. To obtain your free single copy 
of each of these pamphlets write to the 
Foundation at 8 W. 40th St., New York 
18, N. Y. 


@ A new 20-page catalogue of plastic 
laboratory apparatus fabricated from 
polypropylene, designated G-358, is now 
available from The Nalge Co., Ine. 
Among the items listed are beakers, cen- 
trifuge tubes, graduated cylinders and 
pharmaceutical cylinders; also listed are 
polyethylene sinks, traps and fittings. 

All requests for this catalogue should be 
mailed to The Nalge Co., Inc., P. O. Box 
365, Rochester 2, New York. 


* The Instrument Society of America 
made available today a new color-sound 
film to instruct designers, manufacturers, 
users, and students of control equipment 
in the principles and techniques of fre- 
quency response analysis. Copies of the 
film are available for purchase or rental 
from ISA Headquarters, 313 Sixth Ave., 
Pittsburgh 22, Pennsylvania. 


* Denver, Colorado, has responded to 
such headlines as the one that appeared in 
the local Rocky Mountain News on January 
5, “Nation Is Losing the Language War,” 
by forming, on February 20, the Denver 
Citizens Committee for the Advancement 
of the Study of Foreign Languages. The 
Colorado Council for UNESCO is sponsor 
of the Committee. Dr. Seigwalt O. Pal- 
leske, Professor of Languages at Denver 
University, is its Chairman. 

* Development of a new series of high 
solvency, fluorine-containing alcohols that 
provide a convenient means of introducing 
fluoroalkyl groups into an organic mole- 
cule has been announced by Du Pont. 


* John Schuch of the Jarrell-Ash Co., 28 
Farwell St., Newtonville 60, Massa- 
chusetts, announces the availability of a 20 
minute film, Spectrograph.” The 
film illustrates the basic spectrographic 
principles and equipment. 

%* The thirty-second annual Priestley 
Lectures at the Pennsylvania State Uni- 
versity were presented by Dr. Harold H. 
Strain, senior chemist, Argonne National 
Laboratory. Dr. Strain-is noted for his 
work on the examination of the chloro- 

(Continued on page A264) 
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Convenient Efficient 


Welch WOT-WIRE GLASS-TUBING CUTTER 


Produces Clean, Straight Breaks 


Cuts Pyrex-Brand Glass or soft glass—Adjustable heating current 
Step by step instructions on top 


Wire is readily replaceable, extra wires included 


Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-Brand Glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing onit. Noother equipment is required. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cyele A.C. Over-all dimensions 


are 6 x 4'/. x 9 inches high. 


Each, $29.50 
W. M. WELCH SCIENTIFIC COMPANY 


[DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


No. 5210 


‘ESTABLISHED 1880 


NALGE Pharmaceutical Graduates 


Now molded from 
Polypropylene . . . 
for greater clarity and strength. 


Volumes are easily and accurately 
read in NALGENE [Pk]* GRADUATES. 


Scaled in both milliliters and ounces, 
measurements are exact since water 
solutions have practically 

no meniscus with polypropylene. 


Low initial cost 

and elimination of breakage give 
economical, dependable service. 
Available in sizes listed below. 


CAP. OZ. “ 8 16 32 
mi 125 250 500 1000 


PRICE EA. $2.65 3.50 4.85 5.95 
Less quantity discounts 


Ask your dealer for catalog G-358 


OCHESTER 2. NEW YORK 


*brand name for Nalgene Polypropylene ware. 


WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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For Scientists Everywhere’ Edttor's Gasket 
The KROMO-TOG Model K-5 nents, fom, various 


tion techniques and for his development of 
Opens new frontiers of research other differential migration methods oj 


in gas and vapor chromatography 


analysis, particularly electrochromatog. 
raphy. 
* A germanium resistance thermometer 
having high sensitivity and exceptional 
stability in the temperature range near ab- 
solute zero has been developed by J. E. 
Kunzler, T. H. Geballe, and G. W. Hull of 
Bell Telephone Laboratories. Once cali- 
brated, this thermometer is reproducible 
to better than a few ten thousandths of a 
2 degree at the boiling point of helium 
ANALYZES ‘HIGH BOILERS (4.2°K. even after repeated cycling from 
~ TO 475° C. AND OVER! © room temperature. 

* Dr.§S. E. Wiberley announces a special 
comprehensive course in instrumental 
analysis to be held at Rensselaer Polytech- 
nic Institute, Troy, New York, August 4 
to 15, the third such annual seminar de- 
signed to broaden the education of chem- 
ists and chemical engineers in industry 
and teaching and to familiarize them with 
the use of the most modern instrumenta- 
tion in solving chemical problems. 


% On July 1, 1958, the Organization of 
American States will begin an undertaking 
designed to help individual specialists as 
well as the OAS member states. A new 
fellowship program, recommended by the 
Inter-American Committee of Presidential 
Representatives, will enter into force on 
that date and will offer grants for advanced 
study or research to specialists throughout 
the Western Hemisphere. Qualified per- 
sons who are looking for an opportunity to 
do pure research, improve their profes- 
sional skill through a postgraduate course, 
or enroll in an advanced study abroad, the 
OAS hopes to increase the individual's 
contribution to his country of residence. 

sample, including fatty acids Interested persons should address their 
and compounds containing inquiries and requests for neg — 
j to: Technical Secretary, OAS Fellowship 
a high as 36 carbon atoms. Program, Pan American Union, Washing- 


All of the most advanced : ton 6, D.C., U.S. A. 
The new Burrell! Kromo-Tog, Kromo-Tog features, plus % A second group of chemistry experi- 
Model K-S, is offered as the _ tested innovations, have been ments for senior high schools has been pro- 


finest and most versatile re- incorporated in its outstand- yee he ga Manufacturing Chemists’ 


search instrument in theentire ing design. Two complete The eight “open-end” experiments, cot- 
field of modern gas and vapor systems include separate taining teacher-student materials, have 
chromatography. umns been pretested. The “open-end” 4j- 
It al ti detectors, controls proach is said to offer more drama and chal- 

ee ee Oe and fi on collectors. One lenge than the more common “cookbook 
records the components of or two recorders, with or experiments with predetermined answers. 
almost any material whichcan without integrators, may be _ Designed to stimulate student interes 
be reduced t liquid pecified A in science careers, the experiments are part 
a . as required. of an MCA program which includes get- 
eral science materials, awards to outstan¢- 


BURRELL KROMO-TOG, NEW RESEARCH MODEL K-5 ing college chemistry teachers and sciente 


K-5 KROMO-TOG With One Potentiometer Recorder Cat. No. 350-20 motion pictures for classroom use. There 
Same With Automatic Integrator Cat. No. 350-22 is no charge for the materials. 
K-5 KROMO-TOG With Two Potentiometer Recorders Cat. No. 350-23 . the 
Same With Automatic Integrators Cat. No. 350-24 * The price of the booklet, Eart) fort 
Ask for Bulletin Layman by Mark Panbarn, Jr., was ™ 
No. 837 advertently omitted from the item met 
tioned on Page A223 in this column last 
rom the American ogical Institute, 
Scientific Apparatus and Laboratory Supplies 2101 Constitution Ave., N.W., Washing: 


2223 FIFTH AVENUE, PITTSBURGH 19, PA. ton 25, D.C. 
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Carl Schleicher & Schuell Co. 
Keene, New Hampshire, Dept. JE-68 


_ FILTER PAPER DATA FOR QUICK REFERENCE | 


Valuable up-to-date SaS Quick Reference Catalog. 
‘ gives filter paper data at a glance. Eight color pages. 
_ Sections on filter paper: Ash Free (less than 


0.007% ash); Qualitative; Hardened and 
_ Hizch Wet Strength; Folded; Miscellaneous and Filtration 
Specialties.. Description of each paper, uses, 


circle diameters, sheet sizes. INCLUDES HANDY 


(Company ) 


1 for the (Address } 
was in- 
m men- 
min last 
$1.00 
istitute, 


“ashing 


(City) (State) 
(0D Also send S&S Analytical Filter Paper Sampler 
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SPEED UP YOUR EVAPORATIONS! 


Low Volatility Solvent Evaporation 


with the 
"Rinco” WACUUM-TYPE 


ROTATOR 


You can step up your rate of evaporations four or 
five times without bumping with a Rinco Rotating 
Vacuum-Type Evaporator. It is especially successful 
with solvents such as dimethylformamide and water. 
Thirty ml of water at 22°C. will evaporate in approxi- 
mately 20 minutes. 


The small size Evaporator consists of a stainless steel 
or monel shaft with a machined 19/38 standard taper 
joint at the lower end for flasks up to 1 liter capacity. 
Sheft rotates on oilite bronze bearings within a stainless 
steel housing having a 17/20 standard taper take-off for 
use with a vacuum pump or aspirator. 


The large Evaporator has a 29/42 standard taper 
joint for flasks of 2 liters or larger and a 24/40 standard 
taper take-off. Special geared motors rotate flasks 
at approximately 60 r.p.m. Support stand, clamps 
and glassware are accessories and may be ordered 
separately. 


Cat. No. JC-55830 RINCO EVAPORATOR, Small—with 19/38 
standard taper joint, side arm for attaching clamp, universal motor, 
cord and plug. For 110/115 volts AC/DC . $96.50 

Cat. No. JC55831 RINCO EVAPORATOR, Small—Same as above 
but with induction motor. For use with 110/115 volts, 60 cycles 
A.C. | Ea. $114.50 

Cat. No. JC55832 RINCO EVAPORATOR. Large—Supplied with 
29/42 standard taper joint, induction motor, cord, plug and a special 
mane base and rod. For use with 110/115 volts, 60 gris A.C. 

177.50 


Cat. No. JC55833 BASE, Special, for small evaporators, 16 inches 
long X 12 inches wide Ea. $9.90 
Cat. No. JC55836 ROD—Support, 20 inches long X 4% inch diameter 
fits 55833 base Ea. 76¢ 


Measures: 


The New Model 70 


UTILITY TESTER 


® VOLTAGES — CURRENTS — 
RESISTANCES — LEAKAGES 


ALL ELECTRIC LABORATORY 
EQUIPMENT AND MOTORS 


The Most Versatile Trouble Shooter Ever Produced! 


e@ Will measure the actual current nen ion of @ Leakage circuit will indicate all resistances from 


any appliance or utility either A.C. or D.C. and 


zero ohms to 5 megohms (5,000,000 ohms). 


will measure it while the unit is in saeien. The 


reading will be direct in amperes. The appliance 
or utility may be plugged directly into the front 
panel receptacle. 


housed in molded bakelite case. 

Complete with all test tas and 
ly illustrated i 


@ sensitive direct-reading resistance 
range which will accurately measure al! resistances 
commonly used in electrical appliances, motors, 
etc. This range also will enable continuity checks 
and tests for shorts and opens. 


Will measure the actual and indicate 
whether the current is A.C 


e@ Will test ALL MOTORS—single phase, multiple 
phase, universal, squirrel cage, induction, in fact 
every type of motor from fractional H.P. to 2 H.P. 


@ Will instantly locate opens, shorts and grounds. 


LABORATORY 
APPARATUS 


REAGENTS 
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REDUCTION OF CUPRIC ION BY WHITE 
PHOSPHORUS 


Submitted by: 


PREPARATION 


Obtain a 5-gram stick of white phosphorus scraped 
free of oxide. Caution, keep and scrape under cold 
water. Prepare 50 ml. of 1.0 M CuSO, in small stop- 
pered bottle. 


DEMONSTRATION 


Check and record the pH of the CuSO, solution with 
indicator paper. Place the stick of phosphorus in the 
solution making sure there is only a minimum air space 
in the bottle to prevent oxidation of the copper. Check 
pH of solution again at conclusion of experiment. 


REMARKS 


A fine coating of copper on the phosphorus occurs in a 
few minutes at room temperature. Complete reduction 


DECOMPOSITION OF A METALLIC PICRATE 


PREPARATION 


One tenth of a gram (NOT MORE) of picric acid 
and an equal amount of lead monoxide (litharge) are 
thoroughly mixed by rolling together on a piece of paper. 
DO NOT GRIND OR STIR WITH A HARD OR 
METALLIC OBJECT. The mixture is placed in an 
iron crucible (not glass or porcelain). 


DEMONSTRATION 


Place Bunsen burner under crucible and step back. 


W. A. Bryce, University of British Columbia, Vancouver 8, Canada 
Checked by: D. A. Dreisbach, Hiram College, Hiram, Ohio 


of the cupric ions, indicated by the loss of blue color, 
requires about 36 hours. Ammonia may be used to 
check the loss of Cu++ ions. The presence of phos- 
phate ion can readily be shown by the addition of 
ammonium molybdate. Other oxy-anions of phos- 
phorus may also be present. 


Reaction: 
2P + 5Cut++ + 4H.O = 2H;PO, +5Cu + 10H+ 


White phosphorus is very toxic and generally dan- 
gerous' and must be manipulated with caution. A 
3% solution of CuSO, may be used in the treatment of 
phosphorus burns. 


! Sax, N. Irvine, “Handbook of Dangerous Materials,’’ Rein- 
hold Publishing Corp., New York, 1951, p. 308. 


Journal of Chemical Education 


+ June, 1958 


Submitted by: Dale E. Rose, Hampton High School, Hampton, Virginia 
Checked by: Robert N. Hammer, Michigan State University, East Lansing 


REMARKS 


The picric acid melts, forms lead picrate, explodes, 
and illustrates the decomposition of a “fast’’ explosive 
with lots of brisance. An interesting variation is to 
wrap tke mixture in aluminum foil instead of using a 
crucible. The aluminum foil is then wrapped with 
touch paper (filter paper soaked in saturated potassium 
nitrate solution and dried). Ignite and stand back. 
About ten or twenty seconds after the paper was 
burned, the mixture explodes due to conduction of heat 
to the mixture by the aluminum foil. The light flying 
fragments of foil are harmless. 


Journal of Chemical Education - June, 1958 
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S-84810 


A complete line of Sargent 


LABORATORY BATHS 


DESIGNED 


for your specific needs © 
precise—economica/—multi-purpose 


FIVE WATER BATHS 


S-84810 WATER BATH—Constant Temperature, Full Visibility, Ther- 
monitor Controlled, 0.01°C, Sargent. 


S-84805 WATER BATH—Constant Temperature, Full Visibility,0.01°C, 
Sargent. 


S-84860 WATER BATH—Constant Temperature, Full Visibility, 0.1°C, 
Sargent. 


S-84870 WATER BATH—Constant Temperature, Full Visibility, Econ- 
omy Model, 0.25°C, Sargent. % 


S-84880 LIQUID CIRCULATOR—Constant Temperature, 0.1°C, Sargent. 


VISCOSIMETER BATHS for Kinematic Viscosity Measurements 


S-67424 VISCOSIMETER BATH—Kinematic, Double Wall, High Pre- 
cision, 0.02°F, Sargent. 


S-67428 VISCOSIMETER BATH—Thermonitor Controlled, Kinematic, 
Double Wall, High Precision, 0.02°F, Sargent. 


Write for Sargent Bulletin T on Temperature Controlling, Measuring 
and Recording Instrume 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT CO., 4647 W. FOSTER, CHICAGO 30, ILL. 


DETROIT 4, MICHIGAN + DALLAS 35, TEXAS + BIRMINGHAM 4, ALA. 
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(Made from hard KG-33 glass)... 


Apparatus 


Unruffled by thermal shock, hard knocks, chemical attack 


Now you can specify Kimble for your 
“hard” glass needs in both graduated and 
ungraduated Kimax laboratory ware. 


New Kimax apparatus made from 
KG-33 borosilicate glass offers excep- 
tional durability as well as the same ac- 
curacy and fine workmanship that you 
associate with Kimble. 


Krmax may now make possible quan- 
tity discounts to small laboratories. Ask 
your dealer how you may realize more 
savings when you buy Lab glassware. 

Kimble Glass Company is a subsidiary 
of Owens-Illinois, Toledo 1, Ohio. 


17027 BURET. Marked “A” to certify they 
meet N.B.S. requirements for design and 
accuracy. Tested and retested to insure ac- 
curacy. Sturdy, uniform tubing. Ends of de- 
livery tips are ground and beveled to mini- 
mize chipping. Rugged stopcocks with 
replaceable plugs. Machine-lined scales and 
numbers are durable. Capacity range in- 
cludes 10, 25, 50 and 100 ml. 

14000 BEAKER. Uniform glass distribution 
in sides and bottom for extra strength. 
Highly resistant to thermal shock and chem- 
ical attack. Easy pouring. In capacities 
ranging from 1 to 100 ml. 

27060 FILTERING FLASK. Walls are heavy to 
withstand vacuum. Necks have heavy re- 


inforcing beads and are tooled for uniform 
stopper fit. Hose connection provides’ tight 
fit. Sizes from 25 to 1000 ml. 

28900 CHEMICAL FUNNEL. Thick-walled 
with beaded top and glazed tip for strength. 
A size for each diameter of filter paper. 
Long-stemmed (150mm) with stem bore 
sized to hold column of liquid. Bowl angle 
permits fast filtration. Sizes from 35 to 100 
mm (inside diameter of top). 


15060 GAS WASHING BOTTLE. KG-33 glass 
withstands severe mechanical shocks. Seals 
are heavy, uniform and carefully annealed 
for greater strength. Finely ground stand- 
ard taper joints provide gas-tight fit. In 125, 
250 and 500 ml. capacities. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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OweEns-ILLINOIS 


GENERAL OFFICES - TOLEDO 1, OHIO 
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WARNING! 
FLAMMABLE 
VAPOR HARMFUL 


MAY FORM 
EXPLOSIVE PEROXIDES 


USE ONLY WITH 
ADEQUATE VENTILATION 
PACKED UNDER . 
INERT ATMOSPHERE 
KEEP CONTAINER CLOSED 


(AND AWAY FROM HEAT | 


Norwood (Ciscinnati), Ohio: Rutherford NJ. 
FOR LABORATORY use Onty 


3G 2825 Net 


| 


a 


Cyclohexané,” 


MC&B 
Spectroquality 
Solvents... 


An unusually complete line of solvents for 
Spectrophotometric analysis, now available in an 
exclusive package that really maintains 

absorbancy limits. 

Each lot of MC&B Spectroquality Solvents is checked 
in the ultraviolet and infra red regions for maximum 
transmission. Copies of absorbancy curves available on 
request. To protect the high purity, MC&B packs 
these reagents under an inert atmosphere, using a 
crown closure under a screw cap. Granular Silica Gel is 
added to each unit. The new label contains complete 
usage data. The MC&B Catalog includes data on 24 
Spectroquality Solvents. Ask your MC&B distributor 
for your copy, or write direct. 


4 


Matheson Coleman & Bell 


Division of The Matheson Company, Inc. 


Norwood (Cincinnati), Ohio; East Rutherford, N. J. 
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DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


O 
8s. EQUILIBRIUM. OXIDA- 
TION AND REDUCTION 


(Continued from May) 
C. REVERSIBLE REACTIONS. SHIFTING EQUILIBRIUM 
Ionic equilibria 
8-18s Common ion effect 


(g) Fe salts. Save 10 ml. samples after each step. (1) 
Dissolve 20 g. Fe(NO;)2 in 100 ml. reddish Fe(OH); 
forms by hydrolysis. (2) Add HNO; to (1): grows pale, 
from the neutralization of the Fe(OH);. (3) Add HCl: 
colored FeCl; forms. (4) Dilute: color fades since 
ionization increases. (5) Add more HCl: more red 
FeCl, forms, due to mass action. (6) Add H;PQ,: color- 
less Fe(PO,).--~ forms. (7) Add KCNS: deep red 
Fe(CNS),~—— forms. (8) Add KF: colorless 
forms. (Arenson, S. B., for Carmopy, W. R., 17, 434 
(1940).) 

(h) Equilibrium constant. Two dozen wood blocks are 
moved around to illustrate equilibrium shift; see article. 
(SLtaBauen, W. H., 26, 430 (1949). 

(i) Donnan equilibrium. Immerse a _protamine-col- 
lodion membrane (permeable to anions) with IN Mg(NOs)2 
in 100 times its volume of 0.001IN MgCl. After 45 min. 
test inside and out with Ag*: inside Cl~ is twice as 
concentrated as outside. See article. (Grecor, H. P., 26, 
260 (1949).) 

Solubility product 

(a) AgOAc. See Dem. 8-12. Heat distilled HO with 
excess AgOAc; filter hot any Ag that forms; cool: white 
AgOAc crystals settle out, indicating saturation. (1) 
Equilibrium effects. To 250 ml. portions of AgOAc-sat. 
add 10 ml. sat. AgNO;, 10 ml. sat. NaOAc, and 20 mil. sat 
NaNO;: only the first two precipitate AgOAc. (2) 
Solvent effects. To 250 ml. portions of AgOAc-sat. add 
10 ml. HNO;, and 10 ml. NH,OH: both dissolve forming 
slighted dissociated HOAc and diammine silver ion 
respectively. (ZurFFANTI, 17, 433 (1940).) 

(b) Pb saits. To 16 ml. ctg. 50 mg. Pb per ml. add 74 
ml. water. Dilute 45 ml. of this to 90 ml. Continue these 
successive dilutions to give 16 solutions each half as con- 
centrated as the proceeding one. Add precipitating agents 
to these (5M HCl, 0.25M KI, 0.01M K-Cr.0;,) noting the 
concentration at which precipitation is just visible. See 
article for interpretation of results in terms of solubility, 
SP effects, supersaturation, and visibility. (McALPINE, 
R. K., 23, 28 (1946).) 

(c) PbBre. Mix 250 ml. 1M Pb(NO;) + 500 ml. 1M 
NaBr; filter; gives saturated PbBr2 solution. To 200 ml. 
portion of filtrate add 100 ml. of 1M Pn(NO;)2: nothing 
occurs. To another 200 ml. portion add 1M NaBr: a 
precipitate forms. Shows Br~ enters into the solubility 
product as a higher power than Pb**, i.e. (Pb*++)(Br-)?. 
(Kuemm, L. H., 28, 587 (1951).) 

Ion exchange resins. See 15-13 and 22-24. 

(a) Amberlite resins. (1) Amberlite IR-120 (H), poly- 
styrene sulfonic acid type cation exchange of M* for H*. 
Pass 1% NaCl-aq. and show acidity. Pass NaOH + 
phenolphthalein: effluent colorless. (1) Amberlite IR- 
4B(OH) weakly basic ammine groups for anion exchange. 
The 1% solution from (1) comes through neutral, HCl 
being absorbed. Two % MgSO, gives same result. 
NaCl gives basic solution. (3) Amberlite MB-1, a mixture 
of (1) and (2) amberlites. Pass 2% NiSO, or CuSO,: no 
test for Ni++ with dimethylglyoxime or Cu with NH,OH, 
or for sulfate with Ba++; both neutral to litmus; both will 
not conduct a 25-watt lamp on 110 volts. (Casrxa, J. F., 
and Crang, J., 27, 673 (1950).) 


(b) Amberlite. Column of Amberlite 1R-100-H (hydro- 
gen form) in a 50 ml. buret; flow can be regulated by turn- 
ing stopcock. Absorb a 0.1N Cu** or Ag* nitrate solution 
at the top of the column and wash with water: the 
effluent tests negative for Cu+* or Ag*. Elute by pouring 
1M NaNO;-aq. at 3.5 ml. per minute. Titrate 10 ml. 
effluent samples (larger samples towards end of the run), 
the Ag* with 0.05N KCNS, the Cu** by adding KI-aq. and 
titrating the liberated I, with 0.05N thiosulfate. Results 
in article. (Scnuter, R. H., Boyn, A. C., Jr., and Kay, 
D. J., 28, 192 (1951).) 

(c) Add cone. NH,OH to a solution containing 0.12 g. 
+ 0.5 g. CuSO,.5H20 until the Cu(OH): 
first formed is just dissolved; a green solution results. 
Pass this through a bed of sulfonated polystyrene, a cation 
exchanger on the hydrogen cycle: a yellow dichromate 
solution emerges from the column, the Cu(NH;),*? having 
exchanged for H+. (Smiru, J. B., 29, 292 (1952).) 

(d) Dowez-50. Wash 60-100 mesh Dewez-50 with 6N 
HCl to remove ionic impurities. Pour an aqueous slurry 
of it into a 50 ml. buret with a plug of glass wool at its 
bottom; allow resin to settle to height of 30 cms.; wash 
with distilled water, then with NH,Cl-aq. to convert resin 
to ammonium form until effluent is basic to methy] orange; 
wash with 100 ml. distilled water. Pour in 10 ml. stock 
solution containing 200 mg. Co+* and Ni**, gently add 
100 ml. water: a brown adsorption band forms at top of 
resin bed. Elute at 5 ml./em.?/minute with solution ctg. 
50 g. citric acid monohydrate + 1 g. phenol, mold-growth 
inhibitor, + 1000 ml. H,O + conc. NH,OH to pH 3.24 as 
indicated on a pH meter. The brown band breaks into 
green Nit+* followed by a pink Co**+ band. See article for 
quantitative photoelectric analysis of ions in the eluted 
solutions. (Roperts, T. H., B. R., Jr., and 
ALBERTY, R. A., 29, 545 (1952).) 

(e) Sr-90 equilibration. (1) Prep. of resin. Wash poly- 
styrene cation exchange resin, such as Dowex-50, 100-140 
mesh, alternately with 5% NaCl-aq. and 5% HCI- ~aq. in 
large beaker, pouring off and discarding the resin “‘fines.’’ 
Saturate with excess NaCl-aq. and equilibrate with 0.14M 
NaCl. The supernatant liquor in contact an hour with 
the resin is adjusted to pH 7.2-7.3 by adding NaOH-aq. 
and measuring with a pH meter. Filter through a Biichner 
funnel, wash rapidly to free adhering salt, spread on a thin 
layer and air-dry. The resin now contains 3.86 milli- 
equivalents of Na per gram, and 12.5% moisture if dried 
at 110°C. Prepare a several-years’ supply at once. (2) 
Solutions. Soln. A: buffered to pH 7.25, contains 19.428 
g. NaOAc + 24.428 g. sodium diethy! barbiturate + 1000 
ml. freshly boiled distilled water + 400 ml. 8.5% NaCl-aq. 
+ 1100 mj. 0.1M HCl + 200 ml. formalin, analytical 
reagent grade, as mold-inhibitor + carrier-free Sr-90. 
Dilute solution to 5 liters and keep in refrigerator. Soln. 
B: 9.52 g. NaCl + 1000 ml. H:O. Soln.C: 15.586 g. 
Na-citrate.2H,O per liter, freshly prepared is 0.05333 
molar. (3) Demonstration. Shake various mixtures of 
the three solutions with 100 mg. resin in flasks for 2 hours: 
see article for amounts. Pipette out clear liquid, evaporate 
in flat-bottomed dishes, and after 2 weeks, when the Sr-90 
and Y-90 are equilibrated, measure the beta activity: it 
should be between 1000 and 10,000 counts per minute. 
See article for details; the distribution of Sr-90 between 
the citric acid in solution and the cation exchange resin 
can be measured. (KruGer, P., and Scuussnrrt, S. P., 30, 
196 (1953).) 


D. OXIDATION AND REDUCTION 
Some rapid oxidations 
8-21s Spontaneous combustions. See Dems. 2-18, 8-15, 8-17. 


(a) Zine ethyl. Break ampoule of zinc ethyl in air: 
inflames. (Jorpy, L. C., 7, 653 (1930).) 
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(b) KMnO, + H2SO,. Touch (CARE) a glass rod Oxidizing and reducing agents 


containing a small crystal of KMnQ, to conc. H,SO,, then 
to the wick of an alcohol lamp: lights. (Fin, I., 8, 929 
(1931).) 

(c) Zn + NaOH. Moisten 50 g. Zn dust with 10% 
NaOH to make stiff paste; blot damp; expose to air on 
asbestos sheet: steam in 15 minutes. NaOH + surface 
ZnO forms Na2ZnO.; then more ZnO forms and the cycle 
repeats until ignition occurs. (Coasg, 8. A., 12, 347 
(1935), see Trans. Far. Soc., 29, 1933.) (ANTEL- 
MAN, M., 30, 134 (1953).) 

(d) Acetylene + Cl Lead C:H, (CARE) into Cl:: 
ignites violently. (Frvz, I., 8, 929 (1931).) 

(e) Iodine + metals. Drop of water to 1 g. I: + Al, 
Mg or Zn: ignites. (ANTELMAN, M., 30, 134 (1953).) 

(f) Pyrophoric substances. (See Dem. 2-18.) (1) Lead 
chromate + S. (2) Alum + brown sugar. (3) K.SO, + 
C. (4) Alum + flour. (AnTEtMaN, M., 30, 134 (1953).) 


Incendiaries. 


(a) Ignite the following mixtures (CARE. GOGGLES. 
STAND BACK), by setting fire to ignition mixture (5 g. iron 
filings + 5 g. powdered KMnQ,, mixed) imbedded in each. 
(1) 11g. Fe filings + 25g.CuO. (2) 12g. powdered Zn + 
16 g. CuO. (3) 19.6 g. powdered Zn + 16 g. Fe.O;. (4) 
5.4 g. Al grits + 16 g. Fe.O;. (5) 2.7 g. Al grits + 12 g. 
CuO (CARE). (6) 2.7 g. Al grits + 12 g. ZnO (CARE). 
(7) 3.6 g. Mg grits + 8 g. FeO; (CARE). Results: the 
oxides of Mg, Al, Zn, Fe, or Cu will react vigorously with 


any metal preceding it in this series. (Kinrror, W., 24,- 


609 (1947).) 

(b) Miscellaneous. (1) Gunpowder: 75% KNO; + 
15% C + 10% 8; explode less than 250 milli-grams with a 
hammer; do not grind. (2) Lower burning Mg into SO: 
burns vigorously. (3) Lower hot brown PbO, into SO: 
glows, forms white PbSO,. (4) Bring a comb 1 cm. from a 
half-gram powdered Zr on asbestos mat (CARE. SHIELD 
EYES): ignited by static; brilliant flare. (6) Add a few 
drops concd. HNO; to sawdust: ignites. (6) Heat a 
1/, X 1/6 X 6” iron bar over a Meker burner to white heat; 
holding it above a few drops of water on an iron sheet, 
suddenly hammer the bar into the water: loud explosion 
of H, + air; beautiful pyrotechnics. (7) Omit nitrate 
and chlorate explosives, too dangerous since they may 
detonate, not burn. (8) Blow zinc stearate into burner 
flame: woof and vivid flash of light. (ANTELMAN, M., 
32, 273 (1955).) 


8-23s Other combustible mixtures. 


(a) KClO; + Mg. Gently mix 12 g. KCIO; + 7 g. pow- 
dered Mg, place on asbestos sheet; ignite with fine wire 
connected to storage battery or house current. DANGER, 
VIOLENT FLASH. (Lamar, W. L., 6, 2011 (1929).) 

(b) KNO;. Into hot molten KNO; sprinkle (CARE) 
small bits of powdered charcoal, red P, or 8: brilliant 
combustion. (ZaAHND, H., 18, 397 (1941), courtesy of 
Robert Hooke (1633-1703).) See Dem. 8-14. 

(c) Zn + S. Mix 4 g. Zn dust + 2 g. flowers of §S; 
initiate with long hot rod or burner. See photograph of 
flash. (Ricnarps, G., 23, 514 (1946).) 

(d) Al + I. Thoroughly dry fine Al dust at 100°C.; 
cool; mix in a completely dry mortar (CARE: MAY 
IGNITE AND BADLY BURN HAND) with 3 g. sublimed 
iodine. Divide into 4 piles on asbestos and add 1 g. each of 
(1) thoroughly dry anhydrous CuSQ,, (2) CuS0,.5H.0, 
(3) hydrated alum, (4) water (CARE). A dense violet 
smoke issues in all but (1) and the metal ignites with a 
flash. AtyeEa: play safe and mix the Al + I; on asbestos 
squares by raising corners. (AZMATHULLHA, S., and 
VISWANATHAN, A., 32, 447 (1955).) 


8-24s Some agents. 


(a) Blowpipe burner. Draw a 4 mm. tubing to so fine a 
tip as to give a */,” blue flame under full gas pressure. This 
flame gives Cu from compounds, sulfides from S com- 
pounds, green cobalt zincate, blue cobalt aluminate, and 
glass from silicates + Na2:CO;. I. A., 
10, 96 (1933).) 

(b) Perborates. In qualitative analysis, substitute twice 
as much sodium perborate for sodium peroxide in oxidizing 
chromite. In organic, oxidizes benzol to benzoic acid. 
(Auten, C. F. H., and Cuark, J. H., 19, 72 (1942).) 

(c) Oxidizing action. For action of NaOCl, H:O:2, and 
KMn(Q, in qualitative analysis, where the reducing agents 
are Mn++, Co(NH;)s++, Ni(OH),, NH; and N2H, see 
article for discussion. (McAuprng, R. K., 23, 301 (1946).) 
No demonstrations. 

(d) Feroxyl reagent. (1) Galvanometer leading to two 
pieces of Fe placed in FeSO,-aq.: current shows difference 
in solution tension. (2) Reverse a nail: difference be- 
tween head and point. (3) Boil 20 g. agar + 1000 ml. 
H.O 1 hour, filter through cloth, add 60 ml. 1% potassium 
ferricyanide aq. + 20 ml. phenolphthalein solution + 
enough NaOH-aq. to pink. Pour into Petri dish, let gel. 
Press iron wire finishing nail into gel and cover with more 
cool agar solution: in minutes to days patterns develop, 
blue ferrous ferricyanide where Fe** in solution, red where 
H* discharges, leaving excess OH~. (4) Touch nail at 
points with emory wheel to set strains: the pattern later 
reveals this. (6) Coat nail with metals by dipping into 
conc. HCl to pickle, then into molten Zn, Sn, etc. Sn, Cu, 
Ni or Cd give lower solution tension; Zn, higher. (6) 
Galvanized nail gives no blue nodes, white Zn-ferricyanide 
forms, red on exposed Fe: illustrates electrolytic protec- 
tion. Ferroxy] jellies will keep indefinitely in a desiccator 
with 90% EtOH. (MeE.tprvum, W. B., 25, 254 (1948).) 

(e) H.O2. Stain white fabric with methylene blue; 
immerse in hydrosulfite cold-aq.: blue fades. In air: 
blue reappears. Fuchsin, malachite green, soluble aniline 
blue reduce to leuco compounds, are restored by oxidation. 
(AnastassorFrF, E., 25, 397 (1938).) 

(f) Zn dust. With nitrobenzene gives (BzNH)2 in 
alkaline, BZ NHOH in neutral, and BzNH: in acid solution. 
(ANASTASSOFF, E.) 

(g) Biological systems. (1) Methylene blue. Soln. A: 
0.5 mg. methylene blue + 1 g. NaOH + 500 ml. water. 
To 10 ml. of Soln. A add 5 ml. of 0.1 M fructose, glucose, 
or galactose; heat to 40°C.: the solution decolorizes. 
Shake in air: the color restores, but fades on standing. 
Cycle can be repeated. Speed of oxidation of fructose— 
glucose—galactose is the same order as their relative 
nutrient values to certain organisms. (2) Hemoglobin. 
Soln. B: shake 1 g. powdered hemoglobin with 500 ml. 
water; filter; use within 12 hours. Mix with sugars as in 
(1): oxidized color is amber, reduced color is red. (3) 
Washed red blood cells. Mix washed red blood cells in 
physiological saline with an equal quantity of liquid con- 
taining living yeast cells: red color fades as blood cells 
lose oxygen to the yeast; color is restored on shaking in air. 
(4) Inhibition ph Add NaHCO; to saturation 
to (3): prevents reduction. Sodium monofluoracetate 
prevents reduction of (3) to the purple state. Buffer the 
SMFA to pH 7 to eliminate alkaline effects; 10 mg. of 
SMFA/liter prevents reduction indefinitely; 1.48 g./liter 
prolongs reduction time to 45 minutes. (ABsorTT, C. E., 
25, 100 (1948).) 


8-25s Red-ox models. Prepare magnets of different strengths 


by gluing different thicknesses of Scotch Tape over the 
ends. Pass a nail from weaker to stronger magnets: 
illustrates the passing of electrons from I to Br to Ci to F. 
(SANDERSON, R. T., 28, 657 (1951).) 


(Topic 8s will be continued in June issue) 
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NO STUFFING BOX OR 
SHAFT SEALS TO LEAK, CONTAMINATE 
OR REQUIRE MAINTENANCE! 


ALL-PURPOSE |TEFLON’*|SEALLESS PUMP 


WITH KEL-Fit ELASTOMER LINER 


HOW VANTON DESIGN WORKS 


Liquid flows in channel be- 

S\ tween molded Teflon body 

N and Kel-F flex-i-liner (1) 

“ No liquid touches metal 

¢ Liner flanges secured to 

plastic body by bolted face 

plates (2) Pumping mecha- 
1 nism is rotor mounted on 
eccentric shaft (3) « At each 
revolution it pushes liner 
against body block and 
sweeps a slug of liquid 
around the circular track from 
inlet to outlet + All bearings 
are outside of fluid area, and 
located within a protective 
stainless steel assembly in 
the event of flex-i-liner fail- 
ure (4) « Liners are replaced 
in minutes, with pump in 


An all-purpose pump to solve problems of pumping cor- 
rosive fluids, abrasive slurries or gases in the laboratory 
or pilot plant. The transferred fluid is isolated to con- 
tact only with the new totally resistant fluorocarbon 
materials. Flow takes place on the outer surface of a 
Kel-F} elastomer liner and the inner surface of the 
Teflon pump housing. The Vanton pump is self priming 
and by unique design eliminates sources of difficulty 
such as stuffing boxes, shaft seals, gaskets and check 
valves. Maintenance is limited to the infrequent, 60 
second replacement of the flexible liner. 


' 
' 
: 
Pump is available in 1 gpm, 2 gpm and 5 gpm sizes— 
' 
1 
1 


close coupled to a % HP 115/230 volt, single phase, 
60 cycle, 1750 RPM, Totally Enclosed Fan Cooled, 
Capacitor Start motor complete with 10 ft. of exten- 


° 4 process line, by simply re- 
sion cord with plug, base and carrying handle. (SD) moving face bolts and face 
*TEFLON=Reg, trade-mark of Du Pont for its tetrafluoroethylene resin. plate, slipping old liner out, 
tKEL-F—Reg. trade-mark of Minnesota Mining & Mfg. Co. 5 new one in (5). 

are omp 
( SGPM 0-40 psi 295.00 
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Large Capacity — High Vacuum 
Welch TWO-STAGE DUO-SEAL VACUUM PUMP 


wih VENTED-EXHAUST 


PATENT PENDING 


Removes Vapors Speedly and Effectively 


Illustration shows the 1402B Duo-Seal 
Pump equipped with Vented Exhaust. 


PAT. NO. 2,337,849 


The Welch vented exhaust pump has provision for adjust- 
ing the amount of air introduced to meet various conditions 
of temperature and vapor concentration. The design is 
such that the air admitted through the exhaust vent cannot 
return to the system, so ultimate vacuum attainable ap- 
proaches that of the same pump with the exhaust vent closed. 


Thus the vented exhaust enables these Duo-Seal pumps 
to remove both permanent and condensable gases from a 


GUARANTEED VACUUM—with vent closed 0.1 
micron. When the vent is open, only slightly 
higher ultimate pressures result—usually in the 
range of 1 micron. 


F — CAPACITY—140 liters/minute (5 cubic 
eet 


1402. DUO-SEAL VACUUM PUMP, unmounted. 
With pulley, but without motor, velt, or base 
Each, $240.00 


1402B. DUO-SEAL VACUUM, Motor Driven. For 
115 Volts, 60 Cycles A.C. Each $310.00 


For attached Belt Guard, add $17.50 to above prices 


% Vented Exhaust Permits 
Pumping of Most Con- 
densable: Vapors 


% Eliminates Use of Traps or 
Oil Separators in Systems 
Containing Water or Other 
Condensables 


% Reduces Number of Oil 
Changes Required 


Proved 
Performance 


Simple Movement 
Trouble-free 
Quiet Running 


system without contamination of the oil. This means in 
practice that these pumps will be able to reach lower total 
pressures in shorter periods of time, and good vacuum 
rformance will be possible for long periods without the 
thersome trapping and excessive number of oil changes 
formerly necessary. 


Model 1402 Duo-Seal pump is — with vented ex- 
i 


haust as a standard feature at no a 


tional cost. 


PUMPING SPEED 


At 
1000 microns 
100 microns 
10 microns 
1 micron 


Vented Exhaust 
Closed 
110 L/M 
100 L/M 
92 L/M 


76 L/M 


Vented Exhaust 
Open 

100 L/M 

92 L/M 

68 L/M 

29 L/M 


1402C. DUO-SEAL VACUUM PUMP, Motor Driven. 
For 230 Volts, 60 Cycles, A.C. 


1402D. DUO-SEAL VACUUM PUMP, Motor Driven. 
For 115 Volts, D.C 
For attached Beli Guard, add $17.50 to above prices 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
TABLISHER 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Each, $310.00 


Each, $416.50 
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PUBLICATIONS 


Fundamental class and laboratory training in quantitative analysis, 


a new edition of one of the most successful texts ever published, 


and concise coverage of the fundamentals of modern qualitative analysis . . . 


QUANTITATIVE ANALYSIS 


by R. A. DAY, JR., and 
A. L. UNDERWOOD, both of 
Emory University 


THE TEXT IS DESIGNED FOR ONE OR 
two semester courses in quantitative 
analysis consisting of lecture and lab- 
oratory work at the undergraduate 
level. Laboratory directions are given 
in a section separate from the discus- 
sion of theoretical topics. The latter 
section is divided into three parts: 
volumetric, gravimetric, and instru- 
mental methods of analysis. The 
classical volumetric and gravimetric 
topics have been brought up to date 
by the inclusion of material such as 
nonaqueous titrations, complexo- 
metric titrations, organic precipitants, 
and precipitation from homogeneous 
solution. Instrumental topics treated 
are potentiometric titrations, elec- 
trolysis, polarography, and colorim- 
etry. These topics are presented on a 
level that can be comprehended by 
students with no formal training in 
physical chemistry. 


The laboratory section includes a wide 
selection of experiments of a classical 
nature, as well as a series of experi- 
ments on nonaqueous titrations and an 
illustration of the separation of two 
metals by an anion exchange resin. 
Complete directions are also given for 
a series of experiments in colorimetry 
and_ spectrophotometry, _potentio- 
metric titrations, electrolysis, polarog- 
raphy, and amperometric titraticns. 


Pub. June 1958 Text Price to be announced 


COLLEGE CHEMISTRY 
2nd Edition 


by PAUL FREY, Colorado State 
University 


WITH WELL OVER 100,000 copies OF 
the First Edition of College Chemistry 
in print, Paul R. Frey has now pre- 
pared a new 1958 Second Edition— 
based on a critical evaluation of the 
comments and suggestions of the 
tremendous number of users of the 
First Edition. 

The new, updated edition provides the 
same thorough treatment of funda- 
mental principles with a good balance 
between theoretical and descriptive 
chemistry that has already given so 
many students a sound background 
for their future work. The over-all 
organization of the book is based on 
a concept-building process, as before. 
Now, however, the large blocks of 
difficult theory are interspersed with 
the easier factual information—giving 
the text better pacing from the stu- 
dent’s standpoint. And _ technical 
terms are kept to a working minimum 
and completely defined in their most 
modern sense when they first occur. 


Wherever possible, subject matter has 
been divided into qualitative and 
quantitative aspects for maximum 
flexibility. A new 1958 Second Edi- 
tion of King, Slabaugh, Splittgerber 
and Frey’s Laboratory Manual for 
College Chemistry will be available 
this Spring. Designed to accompany 
College Chemistry, 2nd, it is also us- 
able with any similar text. 


707 pp. Pub.1958 Text Price $7.00 


To receive approval copies of any book described above, or a free copy of our 
latest Chemistry textbook catalog, write: Box 903. 


PRENTICE-HALL, Inc. 


INTRODUCTION TO 
SEMIMICRO QUALITATIVE 
ANALYSIS, 2nd Ed. 


by C. H. SORUM, Univ. of 
Wisconsin 


A CONCISE PRESENTATION OF THE 
fundamentals of semi-micro qualita- 
tive analysis, this text is specifically 
designed for those schools in which 
qualitative analysis constitutes a por- 
tion of the laboratory work for the 
second semester of general chemistry. 
The entire book is organized around 
the procedures. The principles are 
presented in the form of notes immedi- 
ately following each procedure, giving 
the student the discussion and expla- 
nation of a fact, principle or process 
at the time and place when he can 
most appreciate their significance. 
These notes take the form of detailed 
discussions of the principle involved 
in a given procedure, the reasons for 
the use of a particular reagent, pre- 
cautions to be considered, and the 
mechanism of reaction that takes 
place. Covering 21 cations and 13 
anions, it is short enough to be easily 
covered in one term, yet sufficiently 
comprehensive to give the student a 
good foundation for quantitative 
analysis. 


By employing well-developed proced- 
ures that yield sharp separations and 
good tests with simple direct discus- 
sions appearing where they will be 
most easily understood. Sorum 
teaches the student a simple, concise 
plan of analysis. 


192 pp. Pub.1953 Text Price $3.00 


Englewood Cliffs, New Jersey 
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Special Size Alberene Stone Sinks 
are Available at No Extra Cost 


All Alberene Stone Sinks are 
made to specifications. Inte- 
jgral drainboards and splash- 
backs are also available. There 
are no premium charges for 
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provides LOW ABSORBENCY protection 


A276 


special sizes. 

Alberene Stone is a natural 
silicate stone. It has no sur- 
face glaze to chip, crack or 
peel. Its all-silicate mineral 
components resist chemical} 


of 0.15% makes it essentially 
nonstaining. Discoloration can 
be removed by scouring or 
honing without harm to the 
surface — which goes all the 
way thru. 


For full information and 
technical assistance address: 
Alberene Stone Corporation, 
386 Fourth Avenue, New York 
16, N. Y. Dept J. 
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are normally developed for idealize:| 
situations and this is something that mak: ; 
the book different. However, it can lb» 
argued that this particular presentatic ; 
involving the use of friction terms in clas - 
ical thermodynamic relationships mz 
lead to confusion rather than clear.r 
understanding. 

An attempt is made to treat anoth:r 
area which is not considered in mo-t 
thermodynamic texts. This is the se - 
tion devoted to experimental apparatiis 
for making thermodynamic measurements. 
It is rather sketchy and couid not serve a 
student as a source of detailed  infor- 
mation on experimental techniques in 
thermodynamics. 

It is difficult to evaluate a book for 
possible classroom use since much of the 
choice of a text depends on an instructor's 
tastes. It can be stated, however, that in 
view of the thinking of the Ad Hoc Com- 
mittee on Engineering Sciences which was 
created by the American Society for 
Engineering Education (the committee 
reports have not yet been published), this 
text falls short of what might be called the 
optimum content of a course in engineer- 
ing thermodynamics. 

The text has value as supplemental 
reading material in a course. Its unique 
approach will certainly stimulate thought 
and discussion. Some of the derivations 
are new and different and while they have 
no fundamental importance in themselves, 
they may be of interest to advanced 
students. 


LAWRENCE N. CANJAR 
Carneaiz InstTiTUTE oF TECHNOLOGY 
PiTTsBURGH, PENNSYLVANIA 


VOLUMETRIC ANALYSIS. VOLUME 3 
—TITRATION METHODS: OXIDATION- 
REDUCTION REACTIONS. 


I. M. Kolthoff, University of Minnesota; 
R. Belcher, University of Birmingham, 
England; V. A. Stenger, Dow Chemical 
Company, Midland, Michigan; and G. 
Matsuyama, Union Oil Company, Brea, 
California. Interscience Publishers, Inc., 
New York, 1957. ix + 714 pp. 16 X 
23.5cm. $15. 


Tuts third and last volume completes 
the authors’ endeavor to compile a com- 
prehensive, up-to-date treatise on volu- 
metric analysis. The Volume 3 comple- 
ments Volume 2, “Titration Methods: 
Acid-Base, Precipitation and Complex- 
Formation Reactions,’’ second revised cdi- 
tion (1947), in covering the practical 
principles of volumetric analysis. (rig- 
inally, the practical priaciples were tre: ted 
in a single volume, Volume 2, “\»lu- 
metric Analysis,” by the senior author, nd 
translated into English by Dr. N. H. 
Furman (1929). However, in writing the 
modern version of this text, the aut ors 
found it necessary to prepare two volu! es. 
The reason for this change is stated in the 
Preface of Volume 2, second edition (1! !7). 
“In order to treat even the more u-ful 
ones (methods) with some degre: of 
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Outstanding New McGraw-Hill Books 


i. CONSTITUTION OF BINARY ALLOYS 


2 
aratiis By Max Hansen, Managing Director, Metallgesellschaft A.G., Frankfurt-Main. New Second Edition. Me- 
a1 %. Graw-Hill Metallurgy § Metallurgical Engineering Series. 1278 pages, $32.50 
ea 
infor- Here is a reference work for chemistry and metallurgy graduate courses. It provides reliable data concerning the con- 
es in stitution of binary alloy systems and the crystal structure oj metallic phases. Covering 1286 systems and 684 dia- 
grams, it is the result of an intensive analysis and critical evaluation of information in the world’s metallurgical, phys- 
ee ical, chemical, and crystallographical literature. 
ictor's 
hat in 
Com- 
hs was SUCCESSFUL PROCESS PLANT PRACTICES: 
y for ° 
nit Operation Maintenance, and Safety 
, this 
By Rosert Davinson, Editor, Petroleum Week. 302 pages, $10.00 


A quick and easy-to-read “how-to-do-it” manual of process plant problems and their solution in actual practice. 


nental Practical methods and devices are described and illustrated for diverse problems in managing, scheduling, operating, 
nique 


ought 
ations 
r have 


Soa FUNDAMENTAL CONCEPTS OF INORGANIC CHEMISTRY 


maintaining, repairing, etc., in all the process industries. It is well illustrated with drawings and photos. 


NJAR By Esmarcu S. Gitreats, Washington and Lee University. 421 pages, $7.50. 


This one-semester undergraduate text offers an elementary approach to certain theoretical concepts. It includes a 
minimum of descriptive material, with a maximum of essential but elementary items. Such recent advances as atomic 
nuclei structure, complex ions and coordination compounds, and discoveries in nuclear transformations are covered. 


ME 3 

TION- 

bial BASIC CONCEPTS IN CHEMISTRY 
aoe By GrorGE W. Wart, University of Texas. 538 pages, $6.50 


he An introductory text for both majors and non-majors based on the conviction that college chemistry teachers have 


a taught too much, too early. The text makes a serious effort to choose judiciously the subject matter for elementary 
16 xX courses, with emphasis on selectivity of material. Early chapters stress basic ideas and concepts followed by a limited 
presentation scope of descriptive chemistry related to atomic structure and the periodic arrangement of the elements. 
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aed QUALITATIVE ANALYSIS: An Introduction to Equilibrium 


thods: 


ile and Solution Chemistry 


d edi- 

By T. Moetter, University of Illinois. 550 pages, $6.50 

rested An important new text presenting the principles of chemical equilibrium as applied to solution chemistry, and imple- 
‘Volu- menting this presentation by means of laboratory training in qualitative analysis. It covers the majority of the 
yr, and ¢uimon anions and cations in detail and lays a foundation of fact and theory for a subsequent course in quantitative 
N. } anulysis. The extensive anion treatment acquaints the student more fully with the chemistry of the non-metals. 
ng 

ut ors 

lumes. 


in the * 
McGraw-Hill[Book Company, Inc. 
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of E-D filter paper for 
Chromatography and 
Electrophoresis 


Readily available in a variety of grades and sizes 


Of the 33 grades of filter paper that are regularly 
produced in Filtertown, most possess the high de- 
grees of uniformity and purity, that are essential 
characteristics for filter paper selected for use in 
chromatography or electrophoresis. 

In point of fact, E-D filter papers are most favor- 
ably known for dependability, neutrality, and low 
ash content. 

For two dimensional chromatography and electro- 
phoresis—the most popular grades are 301, 609, 613 
and Purity 7. They represent the thin, medium, and 
heavy grades which provide rapid, medium, or slow 
flow. Usually purchased in sheets. All sizes can be 
supplied including, of course, the very popular 
18! A x 2214". 

For single dimensional chromatography, rolls or 
strips are most frequently used. Rolls up to 12” wide 
are ordinarily supplied in lengths of 600 feet. ht 
from 44” to i2” wile, 22” long. Other sizes availab 

We have prepared a Sample Kit for your use to 
help you determine which grade—or grades—suit 
your purposes best. No charge or obligation. Simply 
send in the coupon below and we will promptly 
forward this Sample Kit to you. 


BAL Caten DikemanCompany 


FILTERTOWN 
MT. HOLLY SPRINGS, PENNA. 


THE EATON-DIKEMAN COMPANY JC6 
FILTERTOWN 
MT. HOLLY SPRINGS, PENNA. 


(CD Send me the Sample Kit of E-D filter papers for Chromatography and Electro- 
phoresis in sheets, 18%" x 2242". 


My name 
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thoroughness it has been found advisabl- 
to prepare two volumes instead of the one 
originally planned. Oxidation-reduction 
methods have therefore been reserved for 
Volume 3.” The validity of this state- 
ment is tested by comparing the presen: 
Volume 3 with the original Volume » 
(1929). Volume 3 is divided into 15 chap- 
ters and contains approximately 700 pags 
and 2350 numbered references. The orig- 
inal Volume 2 contained only nine chap- 
ters or about 240 pages which were allot- 
ted to the discussion of volumetric: meth- 
ods involving oxidation-reduction reav- 
tions, and 627 numbered references. The 
numbered references of Volume 3 date 
from 1835 to 1956, inclusive, and likely 
contain all of the important, pertinent 
references of this span of 121 years. 

To accomplish their objective, the 
authors present in Volume 3 a critic:l 
review of those methods which they con- 
sider to be the more important and useful 
titration methods involving oxidation- 
reduction reactions. After’ briefly dis- 
cussing Reactions, Indicators, and Gen- 
eral Techniques in Oxidation-Reduction 
Titrations (Chap.I), chapters are allotted 
to the treatment of the following: Potas- 
sium Permanganate as a Volumetric Re- 
agent; Oxidimetry with Permanganate; 
Oxidimetry with Ceric Salts; Potassium 
Dichromate as Oxidizing Titrant; [o- 
dometry, Reagents and Their Standard- 
ization; Iodometric Determination of In- 
organic Substances; Iodometric Deter- 
mination of Organic Compounds; Deter- 
mination of Water with Karl Fischer Re- 
agent; Potassium Iodate as Oxidizing 
Titrant; Oxidation of Organic Compounds 
with Periodate; Potassium Bromate as a 
Titrimetric Reagent; Oxidation with Hy- 
pohalites; Titrations with Iron(II), Tita- 
nium(III), and Other Strong Reducing 
Agents; and Miscellaneous Titrants. 
Each volumetric reagent is treated in 
respect to preparation, stability, standard- 
ization, and use. Standards, indicators, 
methods of standardization, and the 
determination of end points are described 
and evaluated. Each chapter contains 
an abundance of procedures and _ notes, 
printed in small type, which are brief but 
adequately treated. Ample references to 
source material is given. Finally, a com- 
plete author index, containing approxi- 
mately 2500 names, and a subject index 
complete the volume. Like its compun- 
ion, Volume 2, items listed in the subject 
index are identified with the method of 
determination. 

Although this volume is not an elemen- 
tary text, it is written in a clear and con- 
cise manner; and it should prove v:lu- 
able as a reference text. Some emphisis 
is placed on theoretical principles even 
though they have been treated in deiail 
in Volume 1 of this series. 

By the publication of this third and |:st 
volume of an excellent series on volu- 
metric analysis, the authors have not only 
satisfied the present need of a modern, \1p- 
to-date treatise, but have made a valu: le 
contribution to the review literature of 
the subject. It is a commendable re!cr- 
ence book which should prove of interes: to 
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PRINCIPLES OF GEOCHEMISTRY, Second Edition 


By BRIAN MASON, The American Museum of Natural 
History and Columbia University. Like its predecessor, the 
new second edition summarizes the significant facts con- 
cerning the chemistry of the earth and provides a co- 
herent account of the physical and chemical evolution of 


our planet. Due to the many advances and, discoveries 
that have been made in the field, much has been added 


to this edition, and many chapters have been revised. 
Some of the new material includes discussions on electro- 
negativity as a geochemical factor, isotope fractionation 
in geological processes, minor and trace elements in 
metamorphic rocks, and energy changes in the geo- 
chemical cycle. 1958. 309 pages. College edition, $7.00. 


CHEMICAL PROCESS ECONOMICS 


By JOHN HAPPEL, New York University. Emphasiz- 
ing the quantitative viewpoint, this text provides a 
working tool to assist the student in applying technical 
information to the economic design and operation of 
chemical-process plants. It offers a comprehensive treat- 
ment of the principles of economic balance. The form- 
ulas developed can be applied uniformly to judge at- 
tractiveness of new enterprises, design the component 


parts of plants, or operate existing plants under optimum 
conditions. 

The author introduces the student to the more ad- 
vanced mathematical techniques and their place in eco- 
nomic evaluation. An appendix is devoted to ‘‘rules 
of thumb"’ for the practical design of chemical plants. 
1958. 291 pages. College edition, $7.00. 


PHYSICAL CHEMISTRY OF HIGH POLYMERS 


By MAURICE L. HUGGINS, Eastman Kodak Com- 
pany. Based to a large extent on the author’s own re- 
search, this book covers the entire field, concisely but 
thoroughly, without neglecting molecular structures of 
synthetic and natural high polymers, including proteins. 
Dr. Huggins emphasizes fundamental principles and the 
explanation of properties in terms of molecular structure. 


Several important recent developments not dealt with 
in competing texts are described and discussed. The 
work presents a previously unpublished theory of the 
dependence of the thermodynamic properties of polymer 
solutions on the sizes, shapes, and structure of the com- 
ponent molecules. 1958. Approx. 176 pages. College 
edition, prob. $5.25. 


GENERAL BIOCHEMISTRY, Second Edition 


By JOSEPH S$. FRUTON and SOFIA SIMMONDS, 
both of Yale University. Provides a complete survey of 
modern biochemistry which reflects the progress made 
in theory and experimentation since the original publica- 
tion of this work. The authors trace recent develop- 
ments in many areas of biochemistry. Nearly every 
chapter has aieigone considerable change, in most cases 


to include new data. Several sections have been com- 
pletely rewritten and others have been revised to im- 
prove the discussion. New information is included on: 
protein structure; dehydrogenases; oxidative phos- 
phorylation; metabolism of carbohydrates, etc. 1958. 
1077 pages. College edition, $15.00. 


QUANTITATIVE ANALYSIS, Fourth Edition 


By W. CONWAY PIERCE, University of California; 
EDWARD L. HAENISCH, Wabash College; and DON- 
ALD T. SAWYER, University of California. Gives stu- 
dents who will be working with chemical or biological 
reactions an understanding and appreciation of what is 
involved in an analysis. The fourth edition has been 
revised and rewritten and includes such new features as: 


liberal use of the Lowry-Brénsted treatment of acid-base 

uilibria; section on evaluation of data and precision 
of measurements; strong emphasis upon physico-chem- 
ical principles; a large number of stimulating problems 
and questions; use of modern equipment stressed. 1958. 
497 pages. $5.75. 


OUTLINES OF ENZYME CHEMISTRY, Second Edition 


_By J. B. NEILANDS and P. K. STUMPF, both of the 
University of California, Berkeley. Revised and enlarged 
to include recent developments in the field. Provides new 
chapters on metal ion bonding, the mechanism of enzyme 
action, and the dynamics of nucleotide transformations. 


Like its predecessor, it also includes a chapter on the 
Synthesis of Enzymes by R. Y. Stanier of the Department 
of Bacteriology at Berkeley. Coming in August. Approx. 
464 pages. Prob. $7.50. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 
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STILLS 


Chemically-pure dis- 
tilled water, free from 
bacteria, organics, etc. 

. in whatever quan- 
tity your laboratory re- 
quires. 


VENTGARD BOTTLE 


Removes precise 
amounts of distilled 
water from containers 
while filtering out con- 
tamination from air | 
entering the chamber. 
Filter is replaceable 
and low in cost. 


d LABORATORY 
STERILIZER 


Now in two models 

. Rolling Door, and 
Hinged Door type. Elec- 
trically and steam- 
heated models. 


BANTAM 
DEMINERALIZER 


Model BD-1 produces 5 to 8 
gph. Model BD-2 operates under 
pressure. Produces 5 to 25 gph 
of purest demineralized water. 
Connects to any tap. 


NEW LITERATURE 
O Catalog ‘“G” on Water Stills 

D Bulletin #131 on Ventgard 

0 Bulletin #142 on Laboratory Sterilizer 

D Bulletin #128 on Bantam Demineralizers 
0 Bulletin #139 Tin-Lined Pipe, Fittings 

Oo 2 127-A Water Demineralizers 


BBarnstead 


CHICAGO PHILADELPHIA LOS ANGELES 
LOcust 


8-1796 tons 


Jounson CITY SAN FRANCISCO CHATTANOOGA 


65 Lanesville Terrace, Boston 31, Mass. 
FIRST IN PURE WATER SINCE 1878 
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the analytical chemist. It is considered 
a necessary addition to the library of 
analytical laboratories. 


HARRY T. JOHNSTON 
SamvuEt P. Saptuier & Son, Inc. 
PHILADELPHIA, PENNSYLVANIA 


STATISTICAL METHODS IN RESEARCH 
AND PRODUCTION 


Edited by Owen L. Davies, Imperial 
Chemical Industries, Ltd., London, Eng- 
land. Third Edition. Hafner Publishing 
Co., New York, 1957. x + 396 pp. 43 
figs. Q96tables. 16 X 25cm. $7.75. 


Unper the title of this book is the added 
phrase ‘“‘with special reference to the chem- 
ical industry.” The methods expounded, 
however, are just as applicable to certain 
types of academic research as they are to 
industrial research and development. 
This third edition of an outstanding work 
has about two dozen more figures and over 
100 more pages than the previous edition 
[reviewed in J. Cuem. Epuc. 27, 582 
(1950). ] 

Following are the headings and the num- 
ber of pages in each chapter: (1) Intro- 
duction, 5, (2) Frequency Distributions, 
21, (3) Averages and Measures of Dis- 
persion, 24, (4) Confidence Limits and 
Tests of Significance, 18, (5) Statistical 
Tests: Choosing the Number of Obser- 
vations, 27, (6) Analysis of Variance, 54, 
(7) Linear Relationships between Two 


Variables, 58, (8) Multiple and Curvi- 
linear Regression, 65, (9) Frequency Data 
and Contingency Tables, 26, (10) Contr:\| 
Charts, 28, (11) Sampling and Speci(i- 
cations, 27. Useful tables collected in 
the back include probability points fur 
the following distributions: normal, ch)- 
square, student’s ¢, and variance ratio. 

Chapters 2, 3, 9, and 10 are substa:- 
tially the same as in previous editions. 
All other chapters have been revised. 
The material in Chapter 5 appears for the 
first time. It is the style of this book ‘o 
follow the discussion of a statistical tec \:- 
nique with an example drawn from a 
problem met in actual practice at Im- 
perial Chemical Industries. The use of 
such examples is a splendid feature aid 
eases the way for chemists to learn statis- 
tical methodology. 

Although this book deals with applicd 
statistics at an elementary level, it con- 
tains a very large body of information. 
This information is well distributed, 
though; elementary proofs and additional 
computational details are relegated to ap- 
pendixes at the ends of the chapters. The 
uninitiated will find that considerable 
study and practice will be necessary if he 
is to derive maximum profit from the 
methods given. Nevertheless, it is dif- 
ficult to see how the authors could do a 
better job of leading a beginner into the 
subject. 

“Statistical Methods in Research and 
Production” is highly recommended to 
those chemists who must deal with ex- 
perimental data and who would like a 
smooth introduction to statistical analysis. 


WHY GAMBLE WITH GLASS! 


NALGENE («\" Plastic Funnels don’t break . . .are safer! 


NALGENE [HH] eliminates breakage . . 


long-lived service. 
NALGENE [#H] is economical . . . 


investment is the only expense. 


NALGENE [na] gives top performance... 
considered to be the very finest on the market regardless of price. 


Ask your dealer for catalog G-358 


*Brand name for Nalgene Polyethylene ware. 


. gives dependable, 


not only is the initial cost 
lower than glass but, with no broken equipment to replace, the original 


TOP 1.0. mm 
STEM LENGTH mm 50 60 65 75 


PAPER DIAM.mm 55 90 110 125 150 240 


NO. IN CASE 36 36 «36 «636 «624 


35 55 160 


NALGE 


EACH 26 .20 35 48 62 . 


assortments; less 20% in 20 case assortments. 


Angled 
internal 
ribbing 
insures 
rapid 
filtration. 
External 
ribbing 
prevents 
airlock. 


these funnels are 
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After finishing this book, more serious A NEW ACADEMIC PRESS BOOK 
students will be adequately prepared to 


continue their study with the sequel to ESTIMATI 0 n OF 


this work, “The Design and Analysis of 
Industrial Experiments,” by the same 
32, 654 (1955) ]. 
LLOYD 8. NELSON f 0 a 
Evecrric Lamp Division a il | C 0 m 0 ll 
EVELAND 12, Oxn10 0 g 
‘olytechnic Institute, Troy, New York 
IDEAS, INVENTIONS, AND PATENTS: By GEORGE J. JANZ, Rensselaer Poly - 


HOW TO DEVELOP AND PROTECT June 1958, 211 pp., illus., $6.00 


saa Tuis NEW BOOK stresses the use of thermodynamics as a guide to studies 
Robert A. Buckles, New York Bar. in the field of chemical reactions. The thermodynamic approach 
John Wiley & Sons, Inc., New York, 1957. is based on a prediction of free energy changes and equilibria. 
xi+270pp. 15 X 23.5cm. $5.95. This volume provides not only an up-to-date survey of the estima- 
tion methods developed for computing thermodynamic properties but 
also a comprehensive compilation of tables of increments required for 
the application of each method in practice. 


To THE typical chemist or engineer, a 
patent is a formidable legal document. 
Nevertheless, patents are important to our 
technological progress. They encourage 


tion, inventors to disclose new technical infor- CONTENTS: 
uted, mation in return for the right to bar others Part I. Methods of Estimation 
ional from using it for 17 years. Patents are The Free Energy Change in a Chemical Reaction. Thermodynamic 
D ap- truly scientific literature, although too Properties of Simple Polyatomic Systems by Statistical Thermodynamic 
The often overlooked by the seientist in his Methods. Thermodynamic Properties of Long Chain Hydrocarbons. 
rable search for broad knowledge of his chosen The Method of Structural Similarity. The Methods of Group Contribu- 
if he field. This book successfully accom- tions. The Method of Group arse Heat et eg and Heat 
| the plishes a worthy purpose “to help tech- Capacity. Applications of the Thermodynamic Method. 
dif. nically trained persons to acquire a better Part II. Numerical Data 48 Tables 
do a understanding and appreciation of patent AUTHOR INDEX—SUBJECT INDEX. 
> the matters.”’ 
The author is a graduate engineer as 
and well as a patent attorney. His dual back- ACADEMIC PRESS INC., Publishers 
d to ground has enabled him to present legal ‘ 
1 eX- principles and practices concisely and in 111 Fifth Avenue, New York 3, New York 
ke a the simple and clear terms expected of a 
lysis. scientist. The text is easily read and the 


coverage is unusually broad. The illus- 
trations complement the text well; fre- 


quent excerpts from actual patents help 
to develop a needed familiarity with patent FORCED CONVECTION 
format. 

The early chapters deal with the phi- 
losophy of the patent system, tests for U N AY a c T 
determining patentability, and ‘‘negative’’ 
rules of invention that define indirectly 
by stating limitations that preclude in- 
vention. Two especially useful chapters NATIONAL’S 
discuss how to plan a patent program and 
how to keep the patent records so vital to FLOOR MODEL 
establishing priority. The roles of the 
patent attorney as solicitor, counselor, and 
advocate for the inventor are clearly Temperature control differential is 
spelled out. 

A key chapter discusses the heart of the + 05° C 
patent—the claims, which are precise 
definitions by which the inventor protects 
his “intellectual property.” Here, the Air flow across chamber is adjustable 
author carefully explains the technique of 
developing and interpreting broad claims from approx. 50% to 95% recircula- 
together with narrower, more-specific ones. ‘ 
C!sims must be understood before infringe- tion Write for free bulletin 
pa ean be recognized or 
__ \ revealing chapter on What Happens Safe interlocking switch prevents elements from overheating if 
in the Patent Office? takes the reader blower motor stalls. Model 5921, $1095.00 
through each step in the prosecution of a ys 
reccnt patent application. The inventor’s 


problems and the attorney’s reasoning are : 

NATIONAL APPLIANCE CO 

pers—the office actions and responses— 
HWY 


7634 S.W. CAPITOL HWY. PORTLAND 19, OREGON 


assire the novice inventor. 
Remaining chapters deal with uses of Since 1918 . . . Serving INDUSTRY - RESEARCH - MEDICINE 


patents, licenses, trade secrets, copy- Manufacturers of Ovens, Incubators, Baths and other Appliances 
(Continued on page A282) 
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YOUR MOST 

EXACTING LABORATORY 
SPECIFICATIONS 

MET BY ® 


VITREOSIL 


FUSED QUARTZ 


TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in all normal lengths and 
diameters. Useful up to 1000° C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transparent, 
free from chemical impurity—the trans- 
Parent grade offers the best ultra- 
violet transmission. 


CRUCIBLLS © RETORTS e MUFFLES 
DISHES e TANKS © POTS e TRAYS 


Crucibles made of VITREOSIL guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
trical heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
sizes and types. Trays and other 
VITREOSIL ware in many sizes from 
= or prompt delivery of special 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 
GRADED SEALS 


Corrosion-resistant VITREOSIL equip- 
ment is impervious to all organic and 
inorganic chemicals even at very high 
temperatures, regardless of concentra- 
tions, except —— caustics and hy- 
drofiuoric acid. Outstanding electrical 
and high temperature properties, 
strength, impermeability. In stock sizes 
for immediate shipment. Custom items 
to order. Write for our information 
bulletins and prices on wanted items. 

our ad in Chemical Engineering 
Catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
Please send illustrated bulletin or informa- 


tion on. 


Street. 
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Recent Sooke 


rights and trademarks, and special prob- 
lems arising in interference proceedings 
where legal priority of invention is de- 
termined. A glossary of terms common 
in patent law is appended, together with 
samples of legal documents that must 
accompany patent applications. 

The thorough reader can learn much 
from this book, but he should not feel en- 
couraged to embark on a “do-it-yourself” 
project. The author’s efforts will be 
amply rewarded if his book develops a 
closer understanding between the scien- 
tist and his patent counsel. 

PHILIP HILL 
SranDaRp Company oF INDIANA 
Wuitina, INDIANA 


L'ANALYSE QUALITATIVE ET LES 
REACTIONS EN SOLUTION 


G. Charlot, Professor of Analytical Chem- 
istry, e Superieure de Physique et de 
Chemie de Paris. Fourth Edition. Masson 
et Cie, Paris, 1957. xi + 365 pp. 91 
figs. 17 X 25 cm. Paper bound 3000 
fr. Bound in board. 3600 fr. 


“L’ANALYSE Qualitative’? is an out- 
standing book on qualitative analysis and 
ionic reactions in solution. The review 
of the book, however, is difficult because 
it is safe to assume that any book written 
in French is unusable as a text in an 
American university and that even most 
graduate chemists will avoid books written 
in foreign languages unless the information 
they contain cannot be readily obtained 
elsewhere. 

The greatest potential sale for this book 
among English speaking readers will be to 
those persons who want an authoritative 
reference on the principles and methods of 
qualitative inorganic analysis. The book 
presents a wealth of information about 
the properties of the various elements. In 
all, 65 elements (including the rare-earths 
as a single element) are considered. In 
each case, remarkably complete tables of 
equilibrium constants and oxidation re- 
duction potentials are included. Numer- 
ous figures are presented showing the 
relationships between solubility and pH. 
Likewise, potential-pH diagrams are given 
for many redox systems. 

As a matter of interest, it might be 
pointed out that this book is considerably 
more thorough than the average American 
qualitative analysis textbook. The em- 
phasis is placed on the physical-chemical 
approach and the fundamental properties 
of matter are stressed in such a-way that 
chemical properties and associated ana- 
lytical procedures become understandable 
through theoretical concepts. 

The book is divided into three parts, the 
first of which presents a general survey 
of chemical principles, including con- 
sideration of the composition of matter, 
bonding, and equilibrium concepts and 
their application to various types of ho- 
mogeneous and heterogeneous equilibria. 
The second part of the book is the one 
that would be of greatest interest to most 
American chemists. This section deals 
with the chemical properties and char- 
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quest. Ask Dep't C-C for copy 


of Superior Craftsmanship 


IN 
CONDENSERS 


Plus 
Economy and Service 


5920 


LIEBIG with in- 
terchangeable in- 
ner and outer 
joints at bottom 
and top. 


ALLIHN bulb 
type with inter- 
changeable inner 
and outer joints 
‘at bottom and top. 


Ace Manufactures a wide 
range of Condensers (9 pages 
of listings) and Laboratory 
Glassware at the lowest pos- 
sible prices, as described in 
Catalog “50”—free on re- 


6035— $ WEST TYPE. 
Very efficient heat transfer 
because of high velocity 
flow rate.. 


6121 


Dewar type for 
use with dry 
ice and other 
solid cooling 
agents. 


In addition to 
Manufacturing 
Standard Items, 


ACE CUSTOM-FABRICATES 
Glassware to your own speci- 
fications. Inquiries cordially 
invited. 


ACE-GLASS INCORPORATE 


NEW JERSEY 
Midwestern Division 
LOUISVILLE, KY.—Box 996 


Specialists to Tudustry and Zescarch 
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Ram pressures N EW 


20 to 70 tons AND 


POWERFUL 


CENCO® 
MAGNETIC 
STIRRER 


LOW PRICED AT 
$2950 


For the first time, a really 

low price variable speed magnetic 
stirrer . . . powerful enough 

to stir a beaker of 


We build presses for every purpose in the fields of rubber and “e pure glycerin 
plastic moulding, laboratory testing and graphic arts. Write for 
the most complete line of scientific instru- 
call on you... ments and laboratory supplies in the world. 


PHI PRESS CENTRAL SCIENTIFIC CO. 

Chi 13, Mlineois 
formerly Preco 1718 Reed Chicago 12, 


ORDER TODAY. 


PASADENA HYDRAULICS, INC. 
1438 Lidcombe, El Monte, Calif. 


. HY APPROACH TO MEASUREMENT OF MASS 


CAHN ELECTROBALANCE 
WEIGHS SMALL SAMPLES EASIER, FASTER, ACCURATELY 


Radical advance in micro-weighing instrumentation. Balance is so rugged . . . 80 
immune to its environment . . . you can forget about vibration, temperature, 

air currents, leveling. It’s portable . . . weighs less than 12 pounds. .. so it 

can be taken to desk, bench, or wherever needed. 

The controls are simple, easily understood . . . read directly in micrograms. Anyone 
in your laboratory can be trusted to use it. Complete weighings average 

less than a minute. Range of sample weight 0-5, 0-10, 0-20, 0-50 mg. 

For additional information, request Bulletin A-39. 

No. 7270 Model 10—Complete with 3 batteries, 2 stirrups, 10 pans, tweezers, 

one calibrating weight for each range, and instruction manual. Each $615.00. 


5655 KINGSBURY 
elee scientific | '2 


DIVISION A. S. ALOE COMPANY 14 DIVISIONS 
COAST-TO-COAST 


.FINEST bench press ever made : 
—— | 
Controlled 
Ib 
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= 
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RONALD Zooks... 


ESSENTIALS of 
QUANTITATIVE ANALYSIS 


An Introduction to the Basic Unit Operations 


A. A. BENEDETTI-PICHLER, Queens College 


This well-organized textbook and laboratory manual 
deals in a thorough and systematic manner with the funda- 
mentals of observation and measuring. Concentrating on 
principles and practical procedures applicable to both 
organic and inorganic analysis, it includes specific numeri- 

data on the degree of precision of many unit operations, 
and supplies equations i. which limits of error can be 
calculated for almost any quantitative operation. The 
book is also a convenient and reliable source of informa- 
tion for the calibration of weights. 


Throughout, the book emphasizes manipulative tech- 
niques, use of equipment, and comprehension of unit 
operations. It shows how the most complicated-ap i 
procedures consist of only a series of simple unit operations 
requiring no more than moderate dexterity plus an under- 
standing of their purposes and underlying principles. The 
concepts of accuracy and precision are brought alive for 
the student by consistent application throughout the 
course of study. Much important, new information, un- 
available elsewhere in the chemical literature, is included. 


© “A wonderful tert and reference which every chemistry 
major should have in his library. . . . He will use it long after 
he graduates.”’—H. D. Rhodes, University of Arizona. 


@ ‘... will take the newcomer further on the road to becoming 

a complete analytical chemist than any other work of com- 

we size known to the reviewer.”—Cecil L. Wilson in 
HE CHEMICAL AGE. 

138 ills., tables; 666 pp. $15.00 

Special quantity classoom price available. 


The WORLD of ATOMS 


An Introduction to Physical Science 
J. J. G. MeCUE, formerly Smith College; 


with the assistance of KENNETH W. SHERK, Smith College 


An important textbook—designed for college courses in 
physical science—offering a comprehensive introduction 
to both scientific method and atomic science. Throughout, 
this volume depicts science as an engrossing human activ- 
ity by showing how the scientist goes about his work. It 
focuses on atomic science as a coherent branch of study— 
combining both physics and chemistry—and describes the 
chain of experiments and developing concepts that have 
led to our present theories. 


This is the first textbook to explain each scientific con- 
cept with a demonstrable experiment—in this way the 
teaching basis is always inductive. Simple mathematics, 
based on the principle of proportionality alone, is used 
throughout. ch chapter is organized to form a daily 
assignment. Book includes numerous carefully graded 
exercises. 


“. . skillfully written; the ingenious arrangement of sub- 
ject material makes it applicable to any of the introductory 
courses in the physical sciences."—JOURNAL OF THE 
FRANKLIN iN TITUTE. 


@ “*. . the best book on the presentation of the physical sciences 

to non-science majors that I have seen. Professor McCue has 

done an outstanding piece of research in correlating the 

ae sciences. He is logical, consistent, and thorough.” 
rank P. Cassaretto, Loyola University. 


284 ills., tables; 659 pp. °$6.50 


THE RONALD PRESS COMPANY 
15 East 26th Street, New York 10 


acterization of ions. The summaries of 
properties are accurate and complete and 
as mentioned before, the tables of con- 
stants are extremely Valuable. Excellent 
identification procedures are presented 
based on the use of selected spot tes's, 
A choice of tests is given in most cas:s, 
Part three presents analytical techniqu:s, 
applicable to the investigations of bi th 
solutions and solids. 

PHILIP W. WEST 
Lours1ana STaTe UNIVERSITY 
Baton Rovce, Louisiana 


ENCYCLOPEDIA OF CHEMICAL 
TECHNOLOGY 


Edited by the late Raymond E. Kirk and 
Donald E. Othmer, Professor of Chem. 
ical Engineering at the Polytechnic Insti- 
tute of Brooklyn. Assistant Editor, An- 
thony Staden. The Interscience Ency. 
clopedia, Inc., New York, 1957. xviii + 
974 pp. 19 X 27cm. $25. 


E.C.T. appeared in 15 volumes from 
1947 to 1956. Over this period of time 
important and fundamental advances 
have occurred in many chemical fields. 
It is these that have been reported rather 
than the minor advances that always 
occur in every field. The boundaries of 
chemical technology have been drawn 
somewhat more widely—from algal cul- 
ture to photovoltaic solar converters. 

Naturally chemical technology occupies 
the largest part of the volume, discussing 
adhesives, detergents, emulsion paints, 
ion-exchange, pesticides, polyethylene, 
silicones, cermets, polyurethanes, to name 
only a few subjects. The organic chemist 
will have to be content with a few minor 
subjects as acrolein, kojoic acid, and the 
like, but he should be happy with the sec- 
tion on inclusion compounds that give 
him a new separation process. The bio- 
chemist finds algal cultures, amino acids, 
industrial enzymes. The pharmaceutical 
chemist will delight in the antibiotics, 
steroids, and particularly, the psycho- 
pharmaceutical agents. Here we find the 
tranquilizers—chemical name and trade 
name—and also find they have cousins, 
the hallucinogens. Milltown leads to 
ghostown. 

The physical chemist finds only ca- 
talysis and solid state. The inorganic 
chemist finds high energy compounds as 
the boron hydrides, metal hydrides and 
hydrogen peroxide. The chemical engi- 
neer finds new material on several unit 
operations, distillation, extraction, and 
fluidization, as well as computers and 
automation: The section on _ patents 
gives new material on court decisions on 
the Patent Act of 1952, and important 
new tax law on patents. Solar energy 
and photovoltaic solar converters are dis- 
cussed. The largest section in the !ook 
is an excellent discussion on nuclear re- 
actors. 

The chemical processes industries and 
chemical technology are ever growig, 
and this new growth must be reported 
frequently. Let us hope that E.(.T. 
plans to continue to issue supplemental 
volumes to maintain the set up-to-date. 


KENNETH A. 
University or Texas 
Austin, Texas 
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KOBE 


ATION 


VISIBILITY 


LIFETIME ACCURACY 
CENCO® 
MERCURY 


‘BAROMET ER 


each $58.00 
each 65.00 
ORDER TODAY FOR PROMPT DELIVERY 


the most complete line of scientific instru- 
ments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


Road Chicago 13, Illinois 


— Mountainside, N. J. 
i Los T 
Boston * Birmingham Santa Clara « Los ‘Ang Angeles © ulsa 


Oxygen Bomb Sulfur Apparatus 
For: 

Sulfur in Petroleum Products ASTM D 129-52 

Sulfur in Coal and Coke. ASTM D 271-48 

Chlorine in Oils and G ASTM D 808-52T 

Sulfur, Halogens, Arsenic, etc. in other Combustible Materials 
The Series 1900 apparatus consists of a Parr 
self-sealing oxygen bomb with all accessories 
and instructions for the rapid combustion of 
analytical samples when calorific measurements 
are not required. 


Order from any Parr Dealer, or write direct for Spec. 1900. 


PARR INSTRUMENT co. 
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NEW 
DOUBLE 
DUTY 
INSTRUMENT 


Hot Plate — Magnetic Stirrer 


New low cost—plus 
advanced design features 


4 ou can heat and stir simultaneously 

ACO AGITHERM. Heavy-duty in- 
SS controls allow use of either stirrer or 
hot plate independently when desired 


The 500 watt hot plate can be set thermo- 
statically at any temperature up to 600° F. 
Pilot light indicates when heat is on. The 
perforated stainless steel case assures cool 
operation of motor. Compact design, 6!” 
diameter by 5” high. 


No. JC-84500 Agitherm Stirrer Hot Plate, com- 

plete with one each glass and Teflon covered 

co sine for 115 volt, 60 cycle, 


ORDER NOW! 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON CO. 


4525 W. DIVISION ST., CHICAGO S51, ILLINOIS 


| | 
My, 
me 
HIGH Y 
i low price. Con- 
4 
| ; ONLY 
i 
4 
& 


. Unbreakable, Polyethylene 
CHECK VALVE 


Operates in any position. Can be taken apart for cleaning by 
soaking in boiling water. Very low pressure provides a positive 
seal. Use in vacuum line and many other ways in the laboratory. 


Opel length 214”, tube connections 34” long and taper from 3%” 


PRICE Case of 72 
50 


Send for catalog of complete noviiieres ender $10.00 


PIONEER PLASTICS 


Box 358, FarHills Branch  Daytoni9, Ohio 


Acenaphthylene 

Aconitic Acid 


cl 
hydroascorbic 


hylpyrid 
Acid; 
Phosphate; Glyeylglycylglycine, 
Glycy' Heparin; Hexo- 


a-Hy id; lodoacetam 
josobenzoic Acid; | 


m-Terpheny 


Ask us for others! 


DELTA CHEMICAL WORKS nc. 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


We recommend... 


DRIERITE 


iLife 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 
Efficient—Dries all organic liquids instantly in 


liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative—Repeatedly after any norma! 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
Ind. Eng. Chem. 25-653 (June, 1933) 
Ind. Eng. Chem. 25-1112 (Oct., 1933) 


National Bureau of aout Journal of Researc!) 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for our new 100-page booklet: 
““DRIERITE AND ITS APPLICATIONS” 


W. A. Hammond Drierite Company 


120 Dayton Avenue, Xenia, Ohio 
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Another EW Produt— 
— by Pioneer | 

lucose,' Acetonedicarboxylic Acid, 
Acetylthiocholine lodide; cis- 
rochloride; Adenosine Diphosphate, 

rachidonic Acid; |-Argininamide; 

sanilic Acid; Becitracin; Behenic Acid; Carbo- | 
eRe loxychloride; lase cryst.; Cellulase; Cerotic Acid; | 
| Alcoholy. a-Chlorstose,  B-Chloralose, p-Chloroanilidophos- 
ic Acid; p-Chloromercuribenzoate Cholesterol Esters; Circule- | 
Hormone; Collidin, Columbium Chloride 

ine; | 
yenic Acid; Laectovionic Acid; Leucyigiycine; Leucyityrosine; | 
enti ceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 

B-Mereaptopropionic Acid; Mescaline Sulfate, Mesocystine; (1) 
yl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- | 
ine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- (2) 
Naphthy! Red; Neurine Bromide; 

somethylurea; Acid; Osmic Acid; Para- (3) 
Acid; Penicillinase; Peroxidase, Phenolohthalein Glucuronide; 
yipyruvic Acid; Phosphopyruvie Acid; Phthiocol; Pregnenolone; 
Purourogallin; Pyocyanine; Pyrimidine; Reductic 

Sodium Flucroacetate, Sohingomyelin, ‘Sphin- 
Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
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| 
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Photometers SCIENTIFIC INSTRUMENTS 
APPARATUS, and SUPPLIES 


Klett-Summerson 


Lightfoot Filter .. Adds speed and con- 
venience to your filtration, has 
large capacity, permits quantitative 
rejection of filter cake. Made of 
teflon and stainless steel, cleans 
easily. Filter-plate assembly makes 
convenient immersion filter. 


GED Sine 42908 42909 42910 42911 42912 
Filter 
23 «35042555 


$3.70 $4.60 $5.80 $8.60 $9.80 


. Simplifies vacuum filtration with 
* Buechner funnels from 0 to 7 and 
flasks of 1%” to 3” neck diam. 
Obviates need for special stopper 
arrangements and tubulated filter- 
ing flasks 250 ml. and over; may be 
used as support for small round- 
bottom flasks. 


Cat. No. 35050 
NYLAB FILTER-GRIP........... ..Each $1.50* 


No. 2070 


Designed for the rapid and accurate determina- 

tion of thiamin, riboflavin, and other substances 

which fluoresce in solution. The sensitivity 
and stability are such that it has been found , 

particularly useful in determining very small Sal Vac-U-Mat . . 

amounts of these substances. casi Secures to benchtop, by vacuum, 

‘ _ eel any standard 25 to 1000 mi. filter- 

ing flask—no stands, no clamps, 

r he no cluttering . . . prevents costly 

and spillage, saves set-up 


————KLETT SCIENTIFIC PRODUCTS. = Cat. No. 35060 
ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS NYLAB Vac-U-Mat...._.........Each $2.50* 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- rs 
ETERS e GLASS STANDARDS 


*Discounts in quantity lots. 


Write for further information on these ond 
other NYLAB products. 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. New | York Laboratory Supply Co., Inc. 


= 78 VARICK STREET 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


RUGGED MICROBALANCE 


Immune to vibration and temperature 
Reasonably immune to students 
Sensitive to one microgram 


CAHN INSTRUMENT COMPANY 
14511 Paramount Blvd., Paramount, Calif. 


‘APRONS 


laboratory 


ATS 


Standard for Over Forty Years A 
SIX QUALITIES in FOUR SIZES 


GROUP PRICES-BONUS APRONS 
well made - strong tapes- the six 
different qualities with a wide 
price range are designed to fit 
your needs for good aprons at 
the price you want to pay. 


SEND FOR CIRCULAR 
NO. 1 


Samples and Prices on 
* LABORATORY APRONS ; 
and COATS 
LAB COATS: Distinctive 
A style- top quality materials. 
Made especially for lab use. 
Choice of five colors. 
NONE BETTER Worn by 
thousands. Sent you prepaid 


and your satisfaction guar- 
anteed. Light weight - cool 
- durable and comfortable. 


15 East McWilliams Street | 
| FOND DU LAC, WISCONSIN 


| 

| 

| For Informotion-Material 
| 

| 

| 


NOW OVER 5/00 
BIOS 


@ Thallic Chloride 

Thallic Nitrate 

@ Thallic Sulfate 

e Thallium Triethyl 

@ Thallous Malonate 

@ Thenoyltrifluoroacetone 
@ 2-Thienylvaleric Acid 

8,68’,-Thiodipropionic Acid 
@ Thioglycollic Amide 

@ Thiophydantoin 

®@ p-Thiolbenzoic Acid 

Thiotropinone 

@ Thulium Oxide 

@ Thymolindophenol 

@ Thymolquinhydrone 

@ Thymoquinone 

@ Thymoxyacetic Acid 

@ Thyronine, dl 

@ Thyroxin, d 

® Tin Citrate (Stannous) 
@ Tin Methyl Triiodide 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 
Sy 23, Pre. 


17 West 60th St. New York 23, N.Y 
Plaza 7-817) 


] BISMUTH SULFATE t 
BISMUTH ORTHO PHOSPHATE 
BISMUTH TARTRATE 
| Some of the many special chemicals we f 
manufacture 
Write for our list of rare chemicals | 
CITY CHEMICAL CORP. 


132 W. 22nd St. New York 11, N. Y. 


CHEMICALS 
x A 4 METALS 
MINERALS 
DYSPROSIUM METAL FOILS 
Send for New Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


PURPOSE 
(FF ABORATORY 


FEATURING: 


3600 Settings 
Split-Second Accuracy 
Automatic Switching 
Built-in-Buzzer 


TIMER 


Giant 8” Dial 

Portable Mount Models 
Panel Mount Models 
Precision Construction 


WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


208 E. Sixth St. 


Dayton, Ohio 


AT LAST — AT LAST 
RUBBER FLASK SUPPORT 


Out wears cork. Cannot wear out 
Ideal for water immersion reactions 
100-500ml Flask $1.25 ea. (6) $1.00 ea. 
1000-3000mI Flask $1.75 ea. (6) $1.50 ea. 


CHEM-LAB COMPANY 
6712 W. Jefferson, Detroit 17, Michigan 


UNKNOWNS 
For 
Qualitative Analysis Classes 


One hundred qualitatively different lots of 

metals and alloys and mixtures of metals and 

alloys. Ready for analysis. A mg list on 

request. Just write for leaflet U-JCE. 

The complete set of one hundred samples, 8 

e and composition but range up to 

A Real Ti Chest of 


All in one Compact Case 


Cargille Unknowns have been used 
in many colleges since 1932. 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


RARE and FINE ORGANICS 


3,3/-DIAMINO BENZIDINE 
HCL 
REAGENT FOR SELENIUM $12.00/g. 


BORON TRIIODIDE M.P. 49°C. 
$15.00/10g.; $90.00/100g. 


DL-THIOCTIC ACID (LIPOIC ACID) 
98.5% min. purity; $10.00/g. 


‘Ke 1K) LABORATORIES 


Send for our 1957 - 1958 
Catalog listing the finest 
organic chemicals available 


H&S CHEMICAL 
CORPORATION 


168 EATON STREET 
BUFFALO 8, NEW YORK 


FIGHT CANCER 


WITH A CHECKUP 
(See your doctor) 


AND A CHECK 
(Send it now) 


TO 


AMERICAN 
CANCER 
SOCIETY 


JOURNAL OF CHEMICAL EDUCA‘ION 


| 
> 
| 
| 
............$37.50 
|: | 
Incorporated 
i | 29-46 Northern Bivd. LIC 1, N. Y. 


LO 


SE PLATE 


UCHNER 
FUNNEL 


This funnel, designed by Coors engineers is a master- 
piece of ceramic design. 7 easy to wae — clean — 
easy fe store — 
An ideal funnel for vacuum filtration, it is a welcome 
adjunct to any modern laboratory. The finest of materials 
are used in the manufacture of these funnels to assure 
sturdiness, yet they are streamlined for light weight to 
facilitate ease of handling. 


The loose plate construction allows thorough cleansing 
of the filtering compartment, yet the plates and seats 
are precision ground to make an excellent fit when 
funnel is assembled. 
Loose plates may be purchased separately if desired. 
Coors PORCELAIN COMPANY 

GOLDEN, COLORADO 


BULLETIN 498 UPON REQUEST 


LIGHT WEIGHT 
COMPACT 


WELL BALANCED DESIGN 


CENCO® 


COULOMETRIC 


Measures both 
mercaptans 

and olefins 
accurately ... 
automatically 
Simple to 
operate. 
Titrates wide 
range of 
concentrations. 
Registers reaction 
time directly in 


tenths of a second. 


Write for 
Bulletin 1264A. 


TITRATOR 


FOR RAPID 
TITRATIONS 


{ AUTOMATIC 


CENCO the most lete line of scientific in- 
struments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1718-Elrving Park Road « Chicago 13, Illinois 

an — Mountainside, N. J. 
Boston © Birmingham Santa Clara Los Tulsa 
Houston Toronto Montreal Vancouver Ottawa 
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If you're about to choose a new text for your 


organic chemistry courses, be sure to examine 


>, 


TEXTBOOK OF 


ORGANIC 
CHEMISTRY 


by LLOYD N. FERGUSON 
Professor of Chemistry 


Howard University 


Here is a true textbook for your organic chemistry courses, thought- 
fully arranged for logical, systematic treatment of the principles of 
organic chemistry. The text's teaching and learning aids are extra- 
ordinarily effective, from summaries and two sets of questions at 
chapter ends to carefully compiled charts showing the characteristic 
reactions of various classes of compounds, selective oxidations and 
reductions, and one-vessel and multi-step syntheses. 


June 1958 about 620 pages 


We think it’s the finest textbook ever offered for organic chemistry 
courses. If you'd like to see for yourself, please request an ex- 
amination copy by writing to the College Department, 


D. Van Nostrand Company, Inc. 


120 Alexander Street Princeton, New Jersey 
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for immediate shipment from our stock... 


ASCARITE®* 


¢ For more than 40 years the universally accepted stand- 
ard CO, absorbent in the steel industry 


¢ Also widely used in quantitative organic microanalysis, 
and in the analysis of respiratory gases, etc. 


¢ Can be used in any absorption bulb designed for use 
with a solid absorbent 


ASCARITE®. Prepared in accordance with the formula of 
the late James B. Stetser for the rapid and quantitative 
absorption of CO, in the determination of carbon in iron 
and steel and in universal use for this purpose in the steel 
industry; also used in carbon-hydrogen determinations, par- 
ticularly in quantitative organic microanalysis, and in the 
analysis of respiratory gases, etc. 

Can be used in any absorption bulb designed for use with 
a solid absorbent. For analytical work, an additional drying 
reagent is used following the Ascarite to absorb water evolved 
in the absorption of carbonic gases. For this purpose, we 
recommend Dehydrite, an anhydrous salt found to be 
highly effective. 


NOTE —For bibliography on the use of Ascarite, see page 399 of our 
catalog. 


Per 1 Ib. bottle with plastic screw cap.......... 
5% discount in carton containing 12 X 1 lbs. 

10% discount in lots of 48 X 1 lbs. 
15% discount in lots of 144 X 1 lbs. 


\ one mesh or assorted, in carton units 


COLOR CHANGE 


During use, the color of Ascarite, which is light brown in the original product, 
gradually turns to white due to the absorption of carbon dioxide and the forma- 
tion of sodium carbonate. This color change occurs within a narrow zone and 
is clearly perceptible. Because of this marked difference in color between the 
used and unused portions of the absorbent, it is possible to determine when a 
bulb should be refilled. 


A.H.T.CO. 


HWILA USA 


LABORATORY APPARATUS | ~ 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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OUTLINES OF ENZYME CHEMISTRY, Second Edition 


By J. B. NEILANDS and PAUL K. STUMPF, both of the 
University of California, Berkeley. Revised and expanded to in- 
corporate recent developments in the field of enzymology, 
this book presents the whole of enzyme chemistry in easy-to- 
read outline form. New chapters on metal ion bonding, the 


mechanism of enzyme action, and the dynamics of nucleotide 
transformations have been added. To increase the usefulness 
of the book as a tool in the research laboratory, the authors 
have appended a catalogue of over 500 enzymes. 1958. Approx. 
464 pages. Prob. $7.50. 


GENERAL BIOCHEMISTRY, Second Edition 


By JOSEPH S. FRUTON and SOFIA SIMMONDS, both of Yale 
University. Retaining the general objectives of its predecessor, 
this new edition reflects recent progress in many areas of bio- 
chemistry. The authors offer a coherent introduction to present- 
day biochemistry and provide a background to the application 


of the subject in fundamental and applied biology. Nearly 
every section has been completely rewritten, and a new chapter 
has been added on alternative pathways-of carbohydrate metab- 
olism. An extensive bibliography provides a valuable guide 
to the literature. 1958. 1077 pages. College Edition $15.0. 


QUANTITATIVE ANALYSIS, Fourth Edition 


By W. CONWAY PIERCE, University of California at Riverside; 
EDWARD L. HAENISCH, Wabash College; and DONALD T. 
SAWYER, University of California at Riverside. Long recognized 
as a leading text in its field, this book is now thoroughly 
modernized to meet changes made in the analytical chemistry 


program. Along with other revisions, a new section has been 
included on evaluation of data and precision of measurements 
based on statistical methods for use with small populations. 
1958. 497 pages. $5.75. 


CHEMICAL PROCESS ECONOMICS 


By JOHN HAPPEL, New York University. Provides a con- 
sistent and reasonably concise method for solving problems 
involving economic alternatives. Completely uniform in its 
treatment, the book covers general principles, practical in- 


formation, and applications. Problems involving selection of 
new equipment, design of process plant components, and oper- 
ation of existing plants are all handled by means of the same 
basic relationships. 1958. 291 pages. College Edition $7.00. 


PRINCIPLES OF GEOCHEMISTRY, Second Edition 


By BRIAN MASON, Columbia University. Summarizes the 
significant facts and ideas concerning the chemistry of the earth 
and provides a coherent account of the physical and chemical 
evolution of our planet. New material includes discussions 


on electronegativity as a geochemical factor, isotope fractiona- 
tion in geological processes, minor and trace elements in meta- 
morphic rocks, and energy changes in geochemical cycle. 
1958. 309 pages. College Edition $7.00. 


PHYSICAL CHEMISTRY OF HIGH POLYMERS 


By MAURICE L. HUGGINS, Eastman Kodak Company. 
Based to a large extent on the author's own research, this book 
covers the entire field concisely but thoroughly, without 
——_ molecular structures of synthetic and natural high 
polymers, including etapa Dr. Huggins emphasizes funda- 
mental principles and the explanation of properties in terms of 


molecular structure. The work presents a previously un- 
published theory of the dependence of the thermodynamic 
properties of polymer solution on the sizes, shapes, and struc- 
tures of the component molecules. 1958. Approx. 176 pages. 
College Edition Prob. $5.25. 


AUTOMATIC PROCESS CONTROL 


By DONALD P. ECKMAN, Case Institute of Technology. 
Discusses principles of automatic control in comprehensive 
fashion, emphasizing block diagrams and frequency techniques 
in process control. Beginning with process analysis, it carries 
on into the generalized behavior of closed-loop systems. The 


techniques of analysis are used to the fullest extent, and enough 
detail is carefully presented so that students may inspect some 
of the more difficult problems in automatic control rather 
closely. 1958. 398 pages. College Edition $7.50. 


Send for your examination copies. 


JOHN WILEY & SONS, INC. 
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high precision! 


micro 


eliminates 


control of 
temperature! 


® M’fgd. by Manostat Corporation, it combines dis- 
placement principle of ultra micro buret** with glass 
spiral U-tube. 

®@ Absolute accuracy better than 0.1°C. 

® Sensitivity to a few thousandths of a degree. 

®@ Teflon*** plug around wire contact prevents separa- 
tion of mercury during transport. 

© Construction permits easy assembly and filling with 
mercury. 

® Glass spiral easily replaced. 

e All immersible stainless steel parts gold plated. 


how thermoregulator works 

Displacement of a stainless steel plunger entering an exact 
mass of mercury is accurately measured by a micrometer 
screw. This operates a mechanical counter which reads the 
exact temperature of control. 


A secondary larger plunger sets the range of the instrument 
anywhere from —35° to 200°C in 100°C intervals. The counter 
covers 100°C in .02°C divisions, with readability to .01°C. 


G 24620 Thermoregulator, ultra micro, filled with mercury 
and ready for use 0-100°C. 8170 


77 *Patent Applied For 
fY **Gilmont, R. Anal. Chem. 20,1109 (1948) 
***T rade-mark for Du Pont 
Tetrafluoroethylene Resin 
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SPONTANEOUS “COMBUSTION—ACETYLENE Chem Had 


Submitted by: KR. E. Dunbar, North Dakota State College, Fargo 
Chcked by: Jack B. Kinsinger, Michigan State University, East Lansing 


PREPARATION 


The materials required are sodium hypochlorite 
solution (5%) or household chlorine bleach, 6.0 M 
hydrochloric acid, calcium carbide, and a large beaker 
with watch glass or cardboard cover. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


DEMONSTRATION 


Chlorine gas can be generated by placing a few mil- 
liliters of sodium hypochlorite solution in the beaker 
and adding a little hydrochloric acid. The beaker is 
covered and after a brief interval a few lumps of cal- 
cium carbide are added. The liberated acetylene com- 
bines spontaneously with the chlorine gas with the 
evolution of visible light and heat. 


REMARKS 


This reaction may be somewhat odoriferous and 
should be performed with caution unless adequate 


1 exact 
pmeter 


ds the 


ument 
ounter 


nercury 
9170 


ventilation is provided. 


AUTOCATALYSIS 


Submitted by: D. A. Dreisbach, Hiram College, Hiram, Ohio 


Journal of Chemical Education - July, 1958 


Checked by: Robert L. Amundsen, Holt High School, Holt, Michigan 


PREPARATION 


Obtain two 250-ml. beakers, 6 g. oxalic acid in 300 ml. 
water, 10 ml. cone. H.SOQ,, 100 ml. of 0.001 M KMnQ, 
solution, small erystal MnCl, about the size of a pin 
head. Watch with second hand. 


DEMONSTRATION 


Pour 150 ml. of oxalic acid solution into each beaker, 
add 5 ml. H,SO, to each, then 50 ml. of the KMnQ, 
solution to each. Add the crystal of Mn++ ion to one 
beaker and stir both solutions. 


REMARKS 


The solution containing the crystal of Mn++ ion will 


start to lose color in a few seconds and will be colorless 
in about one minute. The other solution will not show 
appreciable color change for two or three minutes until 
sufficient Mn*+ ions have been produced. It will then 
take about a minute for all the color to leave. The 
ionic equation shows the production of Mn*+* ions 
which finally become sufficient in number to auto- 
catalyze the reaction. 


2MnQ,~ + + 16H;0* = 2Mn**+ + 10CO, + 24H,0 
For a discussion of this reaction, see Fritz FriGe., 
THIS JOURNAL, 20, 138 (1943). See also the discussion 


by J. O. Epwarps, THIS JoURNAL, 34, 47 (1957), of the 
comparable reduction of MnOQ,~ by 
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FLOW RATES 


For rapid coarse filtration or for 
delicate work demanding slower 
separations there is a Whatman fil- 
ter paper to do the job. We have 
previously published a chart show- 
ing the comparative micron reten- 
tions of each grade. The values 


below correlate these retention fig- Ss 
ures with relative flow rates. WE ATM AN 
Under laboratory conditions the 
factors which affect the flow rate 
of a given grade are so varied FILTER PAPERS 
that it is impossible to list absolute 
values. The figures shown in the A full range for all 
chart below are related to the time laboratory filtrations 
required for a given amount of 
liquid to drain through each grade 
at low pressure differences and are 
only a guide to the relative per- 
formances of the various grades. — 
In subsequent ads we will publish 
similar tables showing other prop- 
erties of these grades. At the end 
of the series a single chart con- 
taining all the reference data on 
Whatman filter papers will be avail- p 
able—for permanent display in the sy 
laboratory or classroom. ‘a 
A 
ot 
MEDIUM 
Relative mean to 
flow values ca 
Th 


Qualitative 


Single acid washed 


Single acid washed 
Hardened 


Double acid washed 


Double acid washed 
Hardened 


The above chart is available as an 81/2 x 11 sheet. 
This and samples of any of the Whatman grades 
listed above are yours by writing: 


reeve angel 
Dep't CE, H. Reeve Angel & Co., Inc., 52 Duane Street, New York 7, N. Y. 
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Glass-Fabric Mantles 


“GLAS-COL” SERIES O 
STANDARD TYPES (Hemispherical) 


These are the original ‘““GLAS- COL" Heating Mantles which 
are constructed of all-glass fabric and whose name has become 
synonymous with electric heating. No matter what type of 
laboratory work you do, GLAS-COL Heating Mantles can 
be of help by providing safe, economical heating. 


A resistance wire heating element is installed between layers 
of glass fabric protecting the flask wall from the sharp tempera- 
ture gradients. Glass wool batts are placed outside the heat- 
ing Paso and an outer layer of glass cloth is added to hold 
the batts in place and to form the external surface of the mantle. 
As there are no rigid parts involved, these mantles can be made 
to conform to almost any desired ‘shape. For example, they 
can be used for heating glass objects such as television tubes, 
fractionating columns, mul drums, kettles, etc. 


The power input to the mantles is easily controlled by a variable 
transformer such as the Powerstat on alternating current, or by a 
rent. Series 
Catalog No. JC-64338 COL Mantles have 
Flask been designed for a 
Sina, maximum of 450° 
operation. An iron- 
constantan thermo- 
couple built into each 
mantle assists in deter- 
mining temperature. 


“GLAS-COL” SERIES M 
STANDARD TYPES (Hemispherical) 


In the Series M heating mantles, the aluminum housing protects the 
outside of the heater element without sacrificing the softness of 
the inner lining. It protects the glass fabric from damage due to 
accidental boil-over of chemicals and prevents insulation from 
being disarranged with long use, preserving its efficiency. 


Series M mantle is especially advantageous for use with large 
flasks where extra support is required to hold the weight of the 
flasks. The housing prevents wrinkles or puckers and insures 
@ permanent close fit for better heat transfer and for greater 
efficiency. 


If the glass fabric in the above heating mantles wears out or is 
severely damaged, a completely rebuilt unit can be obtained 
for 20% less than list price merely by returning the metal parts 
in good condition. 


Series M heating man- 
tles witn 3-wire twist- 
lock terminals (1 wire 
grounded), together 
with 3-wire cords and 
plugs, are available at 
$4.00 extra per ter- 
minal. 


Catalog No. JC-64333 


equipment. 
tions and prices. 


(2)1000 


STAN DARD SCIENTIFIC 


NEW YORK 3,N CHEMICALS 


Also available: Series O Spherical Heating 
Mantles and Series M Spherical Heating 
Mantle Tops for two- and three-neck flasks 
. . . With special side-opening models for 
flasks that are permanently attached to other 
Write Dept. JC for specifica- 


LABORATORY 
APPARATUS 


| 
4 
Flask 
32 Size, 
4 Mi | Volts | Watts | Price 
100 50 60 12.00 
(50) 125 50 60 12.00 ? 
200 110 180 15.50 
| 200 110 180 12.00 250 110 200 15.50 
250 110 200 | 12.00 300 110 200 15.50 
& 300 110 200 13.25 500 110 250 17.00 
1? 500 110 250 | 14.50 1000 110 380 18.50 
¢ 1000 110 380 | 17.50 2000 110 465 22.00 A 
2006 110 465 | 21.00 3000 110 550 27.00 
3000 110 550 | 25.75 5000 110 600 35.00 : 
5000 110 600 | 32.00 12000 110 | 2— 590 52.50 : 
64) 12000 | 110 | (2) 590 | 49.50 | 22000 | 110 | 2— 700| 71.00 : 
22000 110 (2) 700 | 66.75 50000 110 | 2—1000 93.00 
50000 110 85.00 72000 220 | 2—2000 | 132.50 
(gata 
V 
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Extended Column Temperature Range for Gas Chromatography: 


NEW PERKIN-ELMER Model 154-C VAPOR FRACTOMETER 
INCREASES THE ANALYTICAL REACH OF ANY LABORATORY 


An unprecedented column temperature range — from 
—78.5°C to 300°C—permits the Perkin-Elmer Model 154-C 
Vapor Fractometer to make clean separations of mixtures 
ranging from inert gases and light hydrocarbons to heavy 
oils, greases — and even solids. With its complete line of 
accessories, the Model 154-C gives you the broadest quan- 
titative capability of any single-stage chromatographic 
instrument on the market. 


HERE’S WHAT THAT MEANS TO YOU: 


Advanced design enables the Model 154-C to shoulder a 
bigger portion of your analysis work. For example, three 
new refrigerated columns for the 154-C let you handle rare 
gas studies, trace analyses of light gases, and checks of many 
industrial hydrocarbon mixes. On the other end of the scale, 
high temperature columns separate liquids — and solids — 
boiling up to 400°C. The high sensitivity thermistor detector 
measures traces and major components with equal accuracy. 
Once set, column temperature varies only one-tenth of a 
degree C. Automatic control of peak attenuations keeps 
major components on scale—permits unattended operation. 
A copper oxide combustor reduces complex hydrocarbons 
to easily-measured COz and H2O — enhances detector sen- 


A302 


sitivity and prevents fouling of detectors and vent lines. 
Find out how the Model 154-C can enlarge the scope of 


your research and development work. Write us at 870 Main 
Avenue, Norwalk, Conn. 


APPLICATIONS OF THE 154-C 


Analyses of H2, O2, Nz,CO, Alcohols, aldehydes, 

CO,, NO, N,O ethers, esters, amines, 
C,-Cys hydrocarbons _amides, fatty acids 
Natural gas Nitroparaffins 
Liquefied petroleum gas _—Aif pollution studies 
Combustion products astic raw material con 


Essential oils 
Refrigerants Paints & lacquer thinne's 
Chlorinated hydrocarbons 


Food odors & flavors 
Aromatic hydrocarbons Metabolic product analysis 


INSTRUMENT 


Perkin-Elmer Gy.» 


NORWALK, CONNECTICUT 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS 
AND EQUIPMENT 


p New York Laboratory Supply Co., Inc., 
76 Varick St., New York 13, N. Y., is 
introducing a deluxe apparatus clamp 
called the Mechanical Hand. It is so 
designed that by flipping over the clamp- 
ing arm, one may firmly grasp with equal 
efficiency any object from a thin wire to a 
large flask or condenser. One style and 
2 sizes—(2!/,” and 3'/,” maximum ¢a- 
pacities)—meets every clamping require- 
ment. 


p A device for inspecting inside chemical 
equipment, machinery, tubes, and other 
hollow equipment used by chemists is now 
available. This new inspection scope 
saves costly disassembly work. Write 
Eder Instrument Co., 2293 Clybourn 
Ave., Chicago, Illinois. 


> A new type of laboratory safety shield, 
developed at the Rohm & Haas Co. 
research laboratories in Philadelphia, is a 
half cylinder of transparent Plexiglas heat 
formed from a !/, inch thick sheet of the 
acrylic plastic. It has an aluminum frame 
with hinged rods which fit the usual types 
of laboratory clamps. This new piece of 
safety equipment is manufactured as the 
Lab-Guard by Instruments for Industry 
& Research, 108 Franklin Ave., Chelten- 
ham, Pennsylvania. 


>A new, small, reliable, low-pressure 
autoclave for laboratory use is available 
from Pressure Products Industries, Inc., 
Hatboro, Pennsylvania. It is designed 
to give laboratories a precision engineered 
autoclave of one gallon capacity for opera- 
tion to 350°C. Two models—one for 
pressure to 600 p.s.i.; the other for 
pressures to 1200 p.s.i.—are available. 


> A highly accurate and versatile instru- 
ment ‘\esigned to count pulses from G. M. 
tubes, scintillation detectors, single 
chani| pulse height analyzers, and similar 
sources of radiological measurements is 
aow « part of the “Detectolab’’ line of 
nucle: instruments manufactured by 
BJ Electronies, Borg-Warner Corp., Santa 
Ana, California. 


> A new color analysis instrument which 
permits extremely accurate readings in 
per cent reflectance of paints, textiles, 
Plastics, inks, dyes, glass, tile, and a 
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variety of other products has been an- 
nounced by the Bausch & Lomb Optical 
Co., Rochester, New York. This new 
instrument consisting of a Spectronic 
“20"’ Spectro-photometer and a reflect- 


ance attachment, is said to provide the 
easiest operation and lowest cost of any 
color analysis instrument. 


p> The new Series 200 Narda SonBlasters, 
the first mass-produced, lowest priced lab- 
oratory size ultrasonic cleaning and chemi- 
cal process investigation unit, has just been 
introduced by the Narda Ultrasonics 
Corp., Mineola, L. I., New York. 


p> A new series of low cost polyethylene 
containers in twelve (12) sizes from 5 ml. 
through 160 ml. capacity, are now avail- 
able. These are vial shaped and covers 
are friction fitted to close tolerances. 
Contact Nalge Co., Inc., 625 Goodman 
St., Rochester 20, New York. 


> The Dynacon, a dynamic condenser 
selectrometer, is a new radioactivity meas- 
uring system particularly designed for 
soft beta emitters such as tritium, carbon 
14, sulfur-35, ete. It is unique in that it 
will accept and measure samples in the 
solid, liquid, or gas phase. Full specifica- 
tions of the Dynacon, typical applica- 
(Continued on page A304) 


TUBING 


for every 
laboratory 
application 


Tygon Tubing, Formulation R-3603, is the 


®@ Glass clear 

@ Chemically inert 
@ Tough 

Flexible 


original transparent plastic tubing specif- 
ically developed to handle virtually every 
laboratory requirement. Flexible as string, 
Tygon makes tough lab. set-ups easy. Its 
glass-clear transparency permits better 
process control. Now in standard use 


among laboratories all over the world, 


@ Easy to handle 


versatile Tygon Tubing is available in 


more than 60 sizes. 
Tygon is a registered Trade Mark of The U. S. Stoneware Co. 
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tions, accessories, and sample techniques 
are available in the April issue of The 
Nucleus, published by the manufacturer, 
Nuclear-Chicago Corp., 229 W. Erie St., 
Chicago 10, Illinois. 


> Kern Laboratory Supply Co., 8639 
Venice Bldvd., Los Angeles 34, Cali- 
fornia, announces the availability of Jena 
Gerateglas 20 Borosilicate test and culture 
tubes from West Germany. 


p> The Coleman Model 21 Flame Pho- 
tometer is designed for the rapid, precise 


determination of Sodium, Potassium, and 
Caleium. Write for Bulletin B-242, Cole- 
man Instruments Co., 318 W. Madison 
St., Maywood, Illinois. 


> A new type of milling instrument, 
“Spinmill,”’ which uses a unique dry- 
grinding technique for pulverizing phar- 
maceuticals and many other crystalline 
materials is now in production by Spinco 
Division of Beckman Instruments, Inc., 
Palo Alto, California. 


p> The Comet Model 600 Aging Block is a 
new precision testing device for determin- 
ing the aging characteristics of natural 
rubber, synthetic and light polymers, 
silicones, plastics, and similar materials 
under closely controlled temperatures 


your 


SCIENCE 


DEPARTMENT 


deserves 


THE BEST .. 


HARVARD TRIP BALANCE 
Model No. 550-S 


LOW INITIAL COST 
Models from $20.50 
LONG LIFE-LASTING 
CORROSION 

PROTECTION 


SELF ALIGNING 
AGATE BEARINGS 


* HARDENED STEEL 
KNIFE EDGES 


* HIGH STRENGTH CAST 
* ALUMINUM BEAM WITH 
* ENDS CROSS-BRACED 


*CAPACITY—-2KG. 


SENSITIVITY—0.1 GRAM 
| for complete 
information WRITE 
© for FREE bulletin! 


SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 


ranging from 100° to 600°F. Informatior, 
may be obtained from C. P. Hall Co. 
1340 E. 6th St., Los Angeles, Californi:, 
or 4148. Broadway, Akron, Ohio. 


> A new, direct-setting, high-precisic:, 
ultra micro thermoregulator, designe: 
to simplify temperature control an 
eliminate nerve-wracking adjustment-, 
has recently been introduced by tl: 
Emil Greiner Co., 20-26 N. Moore &: , 
New York 13, N. Y. 


> A new, single-station, battery-operat: | 
thermocouple vacuum gauge designat:d 
Type GTC-110, is now available from tlie 
Rochester Division of Consolidated El. 
trodynamices Corp., 1775 Mt. Read Blvii., 
Rochester 3, New York. 


p> A new optical measuring instrument, 
the Coordinate Plate & Film Comparator, 
has been developed by Gaertner Scientific 
Corp., 1201 Wrightwood Ave., Chicago 
14, Illinois. The instrument is designed 
for precise coordinate measurements on 
plates and films, and is especially useful for 
ultra-centrifuge and electro-phoresis plates 
and films. 


p> A new micro-flow meter, which meas- 
ures, calibrates, and flow-sets low flows 
of gases and vapors has just been intro- 
duced to the market by George K. Porter, 
Inc., Hatfield, Pennsylvania. It. will 
measure flows as low as one cc/hour and 
up to 10 cc/minute or higher. 


@ An excellent discussion, including re- 
prints of scientific papers on Drierite- 
The Versatile Desiccant is now available 
in an 84-page book from the W. A. Ham- 
mond Drierite Co., Xenia, Ohio. Em- 
phasis is given to the applications of this 
versatile material in the drying of solids, 
liquids, and gases. 


@ Laboratory Furniture Co., Inc., Mine- 
ola, L. I., New York, announces the 
publication of the company’s complete 
new revised Steelab Catalogue No. 585ST, 
of educational and industrial laboratory 
equipment and accessories. A standard 
page size volume of 220 pages, it is sec- 
tionalized and embodies all Steelab equip- 
ment for convenience in one complete 
reference guide. 


@ Metalab-Laberaft Division of Norbute 
Corp., 224 Duffy Ave., Hicksville, L. I, 
New York, offers a new catalogue on an 
entirely new line of wood laboratory 
equipment. Suggested layouts and dia- 
grams are included. 


@ Now available in Spectroquality grade 
1, 4-Dioxan, Butyl Acetate, Dichloro- 
methane, Ethyl Acetate, Ethyl Formate, 
Ethyl Propionate, Glycerol, Hexane, Tolu- 
ene, and Xylene. These items are listed 
in the new 1958 MC&B Catalogu: now 
available from Matheson Coleman & 
Bell, 2909 Highland Ave., Norwood 12, 
Ohio. 


@ Volume 26, No. 5, 1958, of The Labora- 
tory issued by Fisher Scientifi Co., 
309 Fisher Bldg., Pittsburgh 19, P:nnsy!- 
vania, features a most interesting article 


(Continued on page A306) 
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complete 1A Model DS5-3P Scintillation Detector ___ § Model 2612P Portable Survey Meter con- 
58587 with exposed 2” x 2” sodium iodide tains a 1.4 mg/cm? thin window G-M tube 
eaters crystal and 4B Model 132 Analyzer for surveying for alpha, beta, or gamma 
aa Computer for precision gamma-ray . contamination up to 20 milliroentgens 
mw - measurements using pulse-height dis- per hour. 

t 1s sec- crimination techniques. 

b equip- 

-omplete 2A Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer” 6 Model 2586 ‘Cutie Pie"’ features inter- 
circuit and 2B Model 1820 Recording changeable ionization chambers for 

Norbute Spectrometer for automatic quantita- measuring beta, gamma, or x-radiation 

le, L. L, tive energy separation of gamma-ray up to 250 roentgens per hour. 

ie on an Spectra. 


boratory 3A Model 183B Count-O-Matic Binary 
and dia- Scaler, 3B Model C110B Automatic 4A Model 3054 Manual Sample Changer with Model DS5 7 Model 1620A-S Analytical Count Rate 
Sample Changer with Model D47 Gas Scintillation Detector which features interchangeable Meter offers a wide choice of full scale 
Flow Counter, and 3C Model C111B alpha, beta, or gamma sensitive crystals connected to ranges, four time constants, wide range 
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BURRELL 


“For Scientists Everywhere”? 
The KROMO-TOG Model K-5 


Opens new frontiers of research 


in gas and vapor chromatography 


The new Burrell Kromo-Tog, 
Model K-5, is offered as the 
finest and most versatile re- 
search instrument in the entire 
field of modern gas and vapor 
chromatography. 


It accurately analyzes and . 


records the components of 
almost any material which can 
be reduced to a gas or liquid 


"ANALYZES HIGH BOILERS 


_ TO 475° C. AND OVER! 


(OF MILLIONTHS! 


2 SYSTEMS ANALYZE 
SIMULTANEOUSLY! 


sample, including fatty acids 
and compounds containing 
as high as 36 carbon atoms. 

All of the most advanced 
Kromo-Tog features, plus 
tested innovations, have been 
incorporated in its outstand- 
ing design. Two complete 
systems include separate 
columns, detectors, controls 
and fraction collectors. One 
or two recorders, with or 
without integrators, may be 
specified as required. 


BURRELL KROMO-TOG, NEW RESEARCH MODEL K-5 


K-5 KROMO-TOG With One Potentiometer Recorder 
Same With Automatic Integrator 

K-5 KROMO-TOG With Two Potentiometer Recorders 
Same With Automatic Integrators 


Cat. No. 350-20 
Cat. No. 350-22 
Cat. No. 350-23 
Cat. No. 350-24 


Ask for Bulletin No. 837 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


SENSITIVE DETECTORS 
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“It’s Not Just Water.’”’ It reports un- 
usual aspects of current research 
water—how each growing arm of a stii°- 
shaped snowflake ‘“knows’’ at what 
the other arms are growing...how or - 
nary tap-water is used to monitor gamziis 
radiation... how a “radio divining roi” 
finds underground water. ..how the zone 
refining process that obtains 99.999996 7 
pure germanium is used to make sea wa er 
drinkable. 


p> A complete, new line of atomic instru- 
ment systems to measure and analyze 
radioisotopes in industrial, medical, and 
biological applications is described in the 
Atomic Systems Catalogue A-2 just pub- 
lished by Baird-Atomic, Inc., 33 Univer- 
sity Rd., Cambridge 38, Massachusetts. 


@ The major General Electric silicone 
products and some of the many uses for 
them are discussed in CDS-129, a new 
8-page catalogue now available from the 
Silicone Products Dept. of the General 
Electric Co., Waterford, New York. 


@ Now available from Mid-Century In- 
strument Corp., 611 Broadway, New 
York 12, N. Y., is a fully illustrated 8- 
page brochure describing the new Mid- 
Century Model MC-400 Desk-Side Analog 
Computer, a high precision instrument 
that provides a complete, portable com- 
puter center. 


@ United States Steel Corp., 525 William 
Penn Place, Pittsburgh 30, Pennsylvania, 
offers the 20th edition of its catalogue on 
motion pictures. 


@ Eleven organic chlorine compounds 
available in commercial quantities are 
described in a new 45-page booklet just 
published by Union Carbide Chemicals 
Co., 30 East 42nd St., New York 17, 
N. Y. The booklet details physical and 
physiological properties, use information, 
shipping regulations, handling and storage, 
and specifications and test methods for 
the compounds described. 


@ A recently released Bulletin No. 837 
offers an advanced new research instru- 
ment for analysis of gas and vapor chro- 
matography. Copies are available on re- 
quest to Burrell Corp., 2223 Fifth Ave., 
Pittsburgh 19, Pennsylvania. 


@ For copies of a new data sheet, DU- 
84-B, describing a new magnesium anal- 
ysis technique for determining concen- 
trations as low as 1-2 meg/liter by the 
Beckman DU Flame Spectrophotometer 
write to the Beckman/Scientific nstru- 
ments Division, Fullerton, California. 


@ A new bulletin, B-241, gives complete 
information about the Coleman U: iversal 
Spectrophotometer, now offered with a 
choice of four power supplies an! with 
accessories for Nephelometry and F \uorim- 
etry. Write the Coleman Instr:ments, 
Inc., 318 W. Madison St., Me wood, 
Illinois. 


(Continued on page A307) 
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@ \ new 12-page booklet on the industrial 
hyziene aspects of beryllium metal, oxide, 
alloys, and other beryllium products has 


been issued by The Beryllium Corp., 
Reading, Pennsylvania. 


new Application Data sheets 
describe the use of Beckman pH Meters in 
titration work. A comprehensive bibli- 
ography of pH and redox titrations in 
aqueous media is included. For copies of 
pH-*9-MI and Z-80-MI write: Beckman/ 
Scientific Instruments Division, Fullerton, 
California. 


@ A condensed catalog, showing the com- 
plete line of nuclear instruments for re- 
search and industrial control, has been 
published by Hamner Electronics Com- 
pany, Inc. 

Instruments offered include non-over- 
load amplifiers for scintillation spectros- 
copy, radiation monitoring and propor- 
tional counter analysis. Also shown are 
mercury switch pulsers, preamplifiers, 
counters, scalers and high voltage power 
supplies. Hamner recording and manual 
spectrometers are included as well as a 
log-count rate meter and a single channel 
analyzer. 

General descriptions and basic specifi- 
cations of each instrument are presented. 

Copies are available from Hamner Elec- 
tronics Company, Inc., P. O. Box 531, 
Princeton, New Jersey. 


@ The May, 1958 issue of Lab-ORATORY 
is of universal laboratory interest. This 
16-page booklet features Chromatographic 
equipment with emphasis on the new low- 
cost Chromatocab; the new, improved 
Fraction Collector with a Totalizer- 
Multiplier attachment which doubles the 
count capacity up to 800. Also featured 
are the summer specials and close-out 
specials being offered for the summer 
months of 1958. Copies are available 
upon request from Schaar & Company, 
Dept. JCE-58, 7300 W. Montrose Ave., 
Chicago 34, Illinois. 


MISCELLANY 


* Arizona State College, Tempe, will 
offer its Third Annual Course in Modern 
Industrial Spectroscopy from August 18- 
August 29, 1958. The program includes 
theory and applications and divides the 
student’s time equally between lectures 
and individual laboratory experiments. 
The course is staffed by members of the 
departments of Chemistry and Physics 
and augmented by Industrial Spectros- 
copists. For further information please 
write Dr. Jaeob Fuchs, Co-Director, 
Modern Industrial Spectroscopy, Arizona 
Stat» College, Tempe, Arizona. 


* The Charles Beseler Co., 219 S. 18th 
St., Cast Orange, New Jersey, introduces a 
startling technique in visual instruction. 
Bescler’s “Clear-A-Slide Kit’ enables 
teachers, lecturers, and instructors to 
make color transparencies and project 
them immediately before a group. 


(Continued on page A308) 
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Welch TRIPLE-BEAM TRIP-SCALE 


e Large Capacity - 1610 Grams e Sensitivity to 0.1 Gram 


SPEEDY, ACCURATE 
WEIGHING 
All Exposed Parts of 
Stainless Steel 
Wide Range e Stable 
Corrosion-Resistant e Low Cost 


3 Graduated Scale Levels for easy reading. 


Riders move easily. 


Hard, Cobalite Knife Edges maintain true edge indefinitely. 


Grooved Agate Bearings are protected against damage, yet highly 
resistant to corrosive action of laboratory fumes. 


One-Piece Beam Construction—Silver-Gray Hammerloid Finish 
Rapid Zero Setting—Beam Arrest for faster weighing. 


No. 4048W. EXTRA WEIGHT. 


No. 4048 LOW FORM, PRICE WITH TWO EXTRA WEIGHTS. .$21.00 
No. 4048C, PLASTIC COVER, For No. 4048. 
For increasing the capacity of 

No. 4048 to 2110 grams......... «...Each, $1.45 


Each, $0.90 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF WELCH MANUF ul co 
1880———— 
1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


*brand name for Nalgene Polypropylene wore. 


Now molded from 
Polypropylene . . . 
for greater clarity and strength. 


Volumes are easily and accurately 
read in NALGENE [Pk]* GRADUATES. 


Scaled in both milliliters and ounces, 
measurements are exact since water 
solutions have practically 

no meniscus with polypropylene. 


Low initial cost 

and elimination of breakage give 
economical, dependable service. 
Available in sizes listed below. 


CAP. 8 16 32 
mi 125 250 500 1000 


PRICE EA. $2.65 3.50 4.85 5.95 
Less quantity discounts 


Ask your dealer for catalog G-358 


ROCHESTER 2. NEW YORK 


WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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With a few simple movements, this analyst has 
made 10 determinations of molybdenum in steel. It 
took him less than three minutes. This is why the 
Coleman Universal Spectrophotometer is called the 


“Workhorse of .the laboratory” 


The Universal performs precise routine analyses 
faster and easier than any other spectrophotom- 
eter. Its use of a diffraction grating monochromator 
avoids electronic and mechanical adjustments, al- 
lows valid use of calibration curves; eliminates need 
for continual preparation and use of concurrent 
standards; insures reproducibility, simplifies and 
speeds analytical operations . . . Yet the Universal 
has the flexibility to meet the special problems that 
arise in every laboratory and is quickly adapted 
for trace determinations, fluorimetry, nephelom- 
etry and other unusual analyses. 

nly Coleman offers this brilliant balance of 
speed, precision, reliability and versatility. 

Write for complete information— iy, 
Bulletin B-241. 


COLEMAN 
Universal Spectrophotometer 


COLEMAN INSTRUMENTS INC., DEPT. B, MAYWOOD, ILLINOIS 


OUT OF THE 


Editor's Sarcket 


% On Being an Egghead or Engineersman- 
ship for the Shell of It is a clever satire on 
the field with emphasis on what not to do. 
Chemists and even professors should asi 
Benson-Lehner Corp., c/o JCE, 1193) 
West Olympic Blvd., Los Angeles 64, 
California, for a copy. 


* A fine booklet, Your Career Opportun- 
ties in Pharmacy, can be most valuable to 
high school science teachers and coun- 
selors. It is available from the Educ:- 
tional Services Dept., Chas. Pfizer & Co., 
Inc., 800 Second Ave., New York 17, 
N. Y. 


% The chemical structure, endurance 
qualities, and deteriorating effects on 
leather of more than a hundred fungitoxic 
compounds have recently been studied 
by the National Bureau of Standards in 
a research program sponsored by the 
Army Quartermaster Corps. One of the 
most interesting results obtained thus far 
is the discovery of two inert, colorless, and 
water-insoluble substances that have the 
unusual property of becoming poisonous 
to fungi only under mildew-growing 
conditions. The two are: bis (4-nitro- 
phenyl) carbonate and bis (2-chloro-4- 
nitrophenyl) carbonate. 


% A new price list of Atomic Energy 
Commission unclassified research reports 
for sale by the Office of Technical Serv- 
ices, U. S. Department of Commerce, is 
now available from OTS on _ request. 
This cumulative listing of the more than 
4000 AEC reports in the OTS collection 
includes new documents acquired since 
August 1957. To obtain the new list, 
request AEC Research Reports Price List 
No. 29 from OTS, U. S. Department of 
Commerce, Washington 25, D. C. 


* The following may be ordered by num- 
ber from OTS, U. 8S. Department of 
Commerce, Washington 25, D. C:: 
PB 131334 Bulk Compressibility of Polymers 
at Fabricating Temperatures. B. Maxwell 
and 8. Matsuoka, Signal Corps, U. S$. 
Army. October 1956. 25 pages. 75¢. 
PB 131094 The Branching Reaction in 
Polymerization of Sytrene and Methyl 
Methacrylate. M. Morton, I. Piirma, and 
J. A. Cala, University of Akron for Wright 
Air Development Center, U. 8. Air Force. 
April 1957. 62 pages. $1.75. PB 
131384 The Oxidative Degradation of Large 
Molecules. H. C. Beachell, University 
of Delaware for Wright Air Development 
Center, U. S. Air Force, June 157. 
43 pages. $1.25. PB 131333 Prepara- 
tion and Characterization of a Series of 
Graft Copolymers. 8S. Axelrod, Pitcatinny 
Arsenal, Ordnance Corps, U. 8S. Army. 
March 1957. 21 pages. 75¢. PB 131254 
Electrical Properties of Irradiated Poly) ¢’s. 
R. E. Woodard, Wright Air Development 
Center, U. S. Air Force. June 1°57. 
32 pages. $1.00. PB 131253 Dev ‘op- 
ment of Thermally Stable Polymeric ‘Ia- 
terials. C. P. Haber, U. 8. Naval (rd- 
nance Laboratory for Wright Air Dev«!op- 
ment Center, U. 8. Air Force. June 1:57. 
67 pages. $1.75. 
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PHOTO BY WILL CONNELL 


You’d know them anywhere. Beckman pH electrodes...recognized as the finest... 
and Beckman’s Model G pH Meter...described in the literature as the standard 
of pH measurement. Beckman pH meters and electrodes are used in thousands of 
laboratories throughout the world. * Your laboratory apparatus dealer provides 
prompt delivery on Beckman pH meters and electrodes, including the newest 
models. Call him today or write to us for a list of dealers and current pH meter 
information. Ask for Data File L-41-36. Beckman: 


2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS + pH METERS - ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 


SARGENT-MALMSTADT 


Automatic Titrator 


Using Second Derivative Method of H. V. Malmstadt 


1. Greater operational time saving 


2. 


than any former so-called auto- 
matic equipment. 


No electrode problems. Most ti- 
trations can be carried out with 
plain platinum or platinum-rho- 
dium wire electrodes. 


Correct end point is automatic- 
ally derived by the circuit — no 
statistical or theoretical studies 
needed. No pre-setting of volt- 


ages. Push-button start, auto- 

matic shutoff. 

Inherent accuracy is superior to 

voltage measurement or color 

indication. 

Precision better than limits of 

normal techniques and reading. 

Directly applicable to all types 
redox, acid-base, precipita- 

tion and complexation titration 

systems. 

Low cost, minimum maintenance. 


Developed and manufactured by E. H. Sargent & Co., 


based on the original work of H. V. Malmstadt, (Anal. Chem., 26, 1348[1954]). 8 


S-29690 ELECTROMETRIC TITRATION APPARATUS— Automatic, 
Potentiometer, Sargent-Malmstadt (Patents pending). 

For use in all titrations usually classified as potentiometric. 
Consisting fundamentally of a mixing and delivery unit with 
associated supports and an electronic control circuit. 

The control unit contains the detecting, amplifying, differen- 
tiating and relaying circuits with a simple operational panel. At 
the rear of the control unit are a stirring motor switch for manual 
use, a fuse, connecting outlets to the valve unit, connecting outlet 
to the power supply, and a recorder outlet permitting, for research 
purposes, the recording of the second derivative curve with auto- 
matic cutoff. 

The delivery unit contains a valve mechanism with an adjusta- 
ble rate controller, an open ended motor driven chuck for the 
stirrer, stirring motor and electrode holders. The valve mechanism, 


mounted ona ang aod with swinging beaker platform and a clamp 
for the titrating burette, is designed to accommodate any form 
of burette with or without stopcocks, so that it may apply to any 
type of titrating installation. ‘ 
imensions of control unit: height, 734 inches; width, 10 
inches; depth, 9 inches; power consumption, 100 watts; total 
shipping weight, 35 Ibs. : 
omplete, including: control unit; stirring valve unit; apres 
stand with beaker platform and burette clamp; one S-30490 calomel 
electrode; one each S-30440 electrode, platinum and platinum 
rhodium; one S-29695 delivery tip with internal platinum electrode, 
one S-76667 stirring rod; one S-76668 large stirring rod; connect- 
ing cable for recorder; and connecting cord and plug for standard 
outlets. Without beakers or burettes. For operation from 115 vol, 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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DEMONSTRATION ABSTRACTS: 


_ Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. , 


8s. EQUILIBRIUM. OXIDA- 
TION AND REDUCTION 


(Continued from June) 


D. OXIDATION AND REDUCTION (Continued) 


8-26s Organic indicators for red-ox. No recipes, but the follow- 
ing indicators reviewed. (a) Diphenyl amine turning 
violet blue to colorless in titration of strong oxidizing 
agents with Fe(II) sulfate. (b) Barium salt of diphenyl 
amine sulfonic acid, more soluble than (a), turning sud- 
denly reddish-purple at +0.083 volts in titration of Fe(II) 
with dichzomate, permanganate, ceric salts; usable in the 
presence of tungstates and mercury salts. (c) o-phen- 
anthroline ferrous complex, turning from red ferrous to the 
violet-blue ferric at +1.82 volts; used with very dilute 
permanganate, for Fe(II) with dichromate or ceric. (d) 
Dipheny] benzene sulfonic acid, giving a reversible violet 
coloration, resembling (b); used in slightly acidic solution; 
not hampered by tungstates; useful with back-titrating 
excess dichromate with FeSQ,. (e) Nitrophenanthroline 
ferrous complex, changing abruptly from red to blue; 
slightly higher oxidation potential than (c). (f) Sub- 
stituted diphenyl amine (i.e., p-nitrodiphenyl amine), 
potential high enough to be used in titrations with Fe(II), 
whereas (a) can be used only when the Fe(II) potential 
has been reduced by converting it into a complex. (g) 
m- and p-tolyl phenyl amine, turning deep blue; for 
dichromate determination of iron; unsuitable in presence 
of Hg-salts. (h) Naphthidine, used in conc. H2SO,, deep 
red, showing sharply against green chromic solutions; for 
dichromate titrations even in presence of Hg-salts. (7) 
Phenanthranilic acid (o-diphenyl amine carboxylic acid) 
colorless to delicate pink; potentially slightly lower than 
(ec); for ceric, dichromate and permanganate titrations of 
Fe(II)-Fe(III) systems. (Gray, A. G., 16, 373 (1939).) 

7s Electron transfer. Reactant solutions in two sintered- 

glass suction funnels attached by rubber stoppers to a U- 
tube salt bridge; copper electrodes through a micro- 
ammeter to the funnels. Suitable red-ox systems follow. 
(a) Acidified 0.0002M KMn0, is decolorized in 1 hour by 
SnCl, using a 6M HCl salt bridge and about 300 micro- 
ampere flow. (b) With a Cu plate in 6M HCl in one cup 
and C or Pt electrode in dil. HNO; in the other, current 
flows to the Cu plate, and blue copper ions appear. (c) 
With KI and K,Cr.0;, brown iodine and green manganate 
ion form. (d) Iodine solution is decolorized by thio- 
sulfate, using a 10% NaCl-aq. salt bridge. (e) Bismuth 
nitrate in nitric por solution reacts with stannite ions to 
give a white precipitate of BiONO;. (Leroy, L. F., 19, 
236 (1942).) 

8-28s Corrosion. A corrosion cell consists of 2-volt battery 
connected to a '/,” graphite rod and an '/, X 1 X 4” strip 
of Fe or Al, both dipping into 0.05N NaCl-aq. at 60°C. for 
24 hours. Corrosion forms Fe(OH); or Al(OH); in varying 
amounts; see article for data. (Spacut, R. B., 23, 195 
(1946).) 


9s. ATOMIC STRUCTURE. 
RADIOACTIVITY 


A. GENERAL 


9-ls Atomic models. See Dem. 24-5, 24-6. (a) Peel an 
orange, showing segments, pits, internal structure. (6) 
Pour sand with visible particles rolling over one another; 
compare with pouring water, invisible particles. (c) Com- 
pare decrease in volume of ethanol + water with similar 
change when sand is poured into oranges. (Kiemm, L. H., 
28, 587 (1951).) 


B. 
9-2s 


c. 


ISOTOPES 


Mass spectrometer. 

(a) Wooden balls of two different masses drop with same 
velocity past a deflecting plate connected to a Wimhurst 
machine: this charges the balls equally but deflects the 
lighter balls further, i.e. gives a mass spectrum. See 
article for details. (EBERHARDT, W. H., 23, 220 (1946).) 

(b) Steel balls */;” and */,” in diameter roll down an in- 
clined wooden trough past an electromagnet. With magnet 
off, the balls fall in the same box; with magnet on, the lighter 
balls deflect into another box. Gravitational potential in 
the model corresponds to electrical potential in the mass 
spectrometer; electromagnetic field acts in both cases. 
(Norton, F. J., 25, 256 and 677 (1948).) A variation 
(ALYEA: not so good) feeds balls of identical size but of 
three different weights to the top of an inclined plane; the 
balls in rolling down are deflected by a blast of air from a 
vacuum cleaner. (FERNANDEZ, J., and Lesowrrz, 8. H., 
26, 334 (1949).) 


RADIOACTIVITY 


Historical 


9-3s 


9-4s 


Auto-radiography. 

(a) Gas mantle. Place mantle on photographic film in total 
darkness for a month: clear image obtained. Observed by 
Niepce in 1867, thirty nine years previous to Becquerl’s 
well-known discovery. (VIERTEL, W. K., 25, 698 (1948).) 

(b) (1) Place radioactive rock on top of a key on top of 
unexposed film in blackpaper envelope for 3 days; de- 
velop: radiograph of key. (2) Repeat with dense metal 
object covered with radioactive salt; develop plate in class; 
project the wet, fixed negative. (3) Place Fiesta-ware 
(contains UQ,, although it is added as UO; or Na:U:0;.- 
6H20) on Eastman Type A Industrial X-ray Film; expose 
48 hours; develop. (Foster, L. S., 27, 225 (1950).) 

(c) (1) Pitchblende or carnotite placed on orthochromatic 
sheet film for few days; develop. (2) Polished dendritic 
uraninite on high contrast film such as Eastman Commercial 
Sheet. (3) Using individual capillary-tipped droppers 
space small drops of uranium acetate-aq. ranging from 
10 to 10~* molar across Eastman NTP-50 micron slide; 
after 3 days develop in D-19 for 10 min. without agitation, 
then '/2 min. 2% glacial acetic acid stop, then fix. (4) 
Ditto, but carnotite grains scattered at opposite ends of 
slide: tracks radiate from the grains in various lengths due 
to various elements present. (5) Ditto, but thorium-aq.: 
more single and pronged alpha-stars as the Th atoms dis- 
integrate within the emulsion. (6) Keep slides in original 
package and develop: tracks from impurities in glass and 
emulsion; see article for photographs of tracks. (7) 
Expose wrapped slide to 50-200 kv X-rays. (8) NTB-50 
micron plates wrap in paraffin block stored inside tightly 
covered can 6 weeks; develop: tracks of plate impurities, 
cosmic rays and their products. (Huser, W. S., 28, 226 
(1951).) 

Miscellaneous, of historical interest. 

(a) Chalkbozx electroscope. Chalk box on its side with a 
glass plate replacing the sliding cover. A copper rod topped 
bya copper ball leads through a */,” hole plugged with molten 
sulfur, and terminates in 3.1 X 4.5” sheet of Al-foil bolted 
to the flattened bottom of the rod. A cardboard scale is 
provided. 

(b) Test for alpha particles. (1)Place pitchblend, carnotite, 
etc., in a tray inside of box beneath the foil; charge electro- 
scope as usual; measure rate of fall of leaf. (2) Pour 
dilute gum arabic-aq. on a glass plate and sprinkle ZnS on 
it from a bottle covered with cheeselcoth. Expose to 
radioactive material in complete darkness: flashes ob- 
served (Spinthariscope). 

(c) Beta particle tests. (1) Repeat (b, 1) with the mineral 
covered with Al foil to stop alpha particles. (2) Repeat 


fi 


Dem. 9-3s(b)(1), showing that alpha is not responsible by 
sprinkling black uranium oxide powder over gum arabic on 
a glass plate, cover half the plate with Al foil to stop alpha 
particles; place on paper; after several days develop: 
uniformly dark. (3) Show greater penetration by piling 
carnotite in 3 and 25 mm. piles on photographic paper; 
after 3 days develop: the thicker pile, through which beta 
and gamma can penetrate, is darker. (ScHErReER, G. A., 
26, 111 (1949).) 

Properties of X-rays. (a) Use a General Electric NE-34 
2-watt neon glow-lamp to show photoelectric effect. (b) 
Show ionizing power of X-rays from a Hitterf cathode ray 
tube. (c) Show penetration of X-rays through a board 
but not through thick lead. (Brocxerr, C. P., 30, 498 
(1953).) 

Canal rays. (a) Use canal rays to turn a pinwheel, and to 
melt Woods alloy. (BADEREN, E., 9, 156 (1932), abstracted 
from Z. phys. chem. Unterricht, 44, 217(1931).) (b) 
Inexpensive set-up using two Crookes tubes, obsolete 
X-ray medical equipment, high voltate oil-immersed trans- 
former to light a Coolidge-type X-ray tube. (Crist, C. L., 
19, 548 (1942).) (c) Stand for Crookes tube. Crookes tubes 
having two brass rods in its wooden base; electrical con- 
tact is achieved without further connections by setting it 
on two brass plates on the induction coil. (HErron, F. Y., 
26, 440 (1949).) 


Sources of radioactive material 


9-7s 


(a) From hospitals. See article for instructions for obtain- 


ing polonium from radon tubes, from radioactive lead 
chloride, and from gold implants. 
(1934).) 

(b) From porcelain. Black giaze porcelain ware, Coors 
Porcelain Co., has a surface activity of 0.002 microcuries 
per cm.?; this is suitable for calibration of counters and 
(Butter, J. P., and Man- 


(Cook, D. L., 11, 313 


for demonstration purposes. 
pas, J. N., 29, 61 (1952).) 
(c) From suppliers: (1) Po from Eldorodo Mining Co., 
Ottawa, Canada; (2) radioisotopes from Isotopes Division 
AEC, Oak Ridge, Tenn.; (3) Radioactive minerals from 
Ward’s Natural Science Establishment, Inc., Rochester, 
N.Y. (4) Th from gasoline lamp mantles. (5) Uranium 
from orange Fiesta-ware, and from uranium glass for 
Pyrex-brand seals. (ORBAN, E., 29, 289 (1952).) 


Fog tracks 


9-8s 


Model of wide-angle deflection. See J. Sci. Instruments 7, 
94 (1930) for diagram of small apparatus suitable for pro- 
jection, illustrating an alpha particle passing near an 
atomic nucleus. (ANpRADE, E. N., 7, 1413(1930).) 
Alpha-ray tracks. An inverted flask with rubber bulb, 
similar to that obtainable from supply houses. (Taytor, 
A. E., 11, 576 (1934). ) 

Cloud chamber. See article for diagram. 

(a) Apparatus. Consists of a cardboard carton; several 
layers of cloth for insulation; a sheet of dry ice; an alumi- 
num, brass or copper plate 2 mm. thick resting directly on 
the dry ice; a thin black cloth for making tracks easily 
visible; a cork 1 em. high upon which is mounted a. radio- 
active source; an inverted 400 ml. beaker having in its 
bottom cotton saturated with ethanol, and kept in place 
by a piece of tightly-fitting blotting paper with holes in it; 
and a second metal plate on top of the beaker. 

(b) Operation. Connect the two metal plates through a 
reversing switch with 220 volts d.c. Illuminate the black 
cloth with an intense beam shot in at right angles to the 
alpha-ray tracks. Sweep the chamber free of dust par- 
ticles and ions; apply 220 volts d.c. across the plates: 
within a minute beautiful tracks appear, sharpest immedi- 
ately after reversing the field. In absence of high voltage 
discharge, rub a sheet of cellulose acetate or Plexiglas with 
cotton cloth and bring the charged sheet several times to 
the top of the chamber; this technique may be even more 
effective than the 220 volt field. 

(c) Sharper tracks. A hole in the blotter enables the tracks 
to be observed by looking vertically down upon the black 
cloth. A polonium-tipped wire made for cloud chambers, 
tips containing radium salt, radioactive tips from a 
spinthariscope, or a chip of luminous paint from a dial 
watch are suitable. 


(d) Wide-angle deflection. Place a lead tube over the radio- 


active needle to obtain a beam of rays; direct the beam 
toward a piece of gold foil mounted in front of the source. 
Most alpha particles pass through the foil, indicating open 
structure of the gold atoms; many are deflected, and in rare 
occasions move backwards from the gold foil. 

(e) Cosmic rays. A rain of cosmic rays is frequently seen, 
sometimes an alpha ray track showing sharp deflection 
representing collision of the alpha particle with another 
nucleus. (KuEHNER, A. L., 29, 511 (1952).) 

(f) More permanent apparatus, using a 1-ft. box with glass 
walls, but same principle as above apparatus. See article 
for circuit for power supply. (StaBauGu, W. H., 32, 269 
(1955).) 


Fluorescence 


9-11s 


Radioactivity: intensity and property of rays. 


9-13s 


Phosphors. Make typical Leonard phosphors by fusing the 
these mixtures: (a) 1g. CaSO, + 0.0004 g. Sb + 0.2g. 
NaSO, + 0.06g. NaCl. (6) lg. SrCO; + 0.001 g. Bi + 
0.06 g. MgF, + 25 g. BaCO; + 15 g. Sr(OH)2 + 15 g. 
+ 3g. starch. (c) lg. MgO + lg. Li.SO, + 2 ml. 0.5% 
ThSO, + 3 ml. 0.4% CuSO,-aq. Bi and Tl phosphoresce 
violet; Bi and Rb phosphoresce blue. Luminous paints 
are phosphors. (Mes, A. J., 14, 246 (1937), from Science 
Progress 30, $35 (1936).) 

Spinthariscope. (a) Luminous paint on a watch may con- 
tain alpha emitter + phosphorescent ZnS. Scrape a pin- 
head of it on white paper and seal between two microscope 
slide covers using gum shellac. Keep slide in dark 24 
hours, to exhaust normal ZnS phosphorescence, and ex- 
amine (1) held 1 cm. from the eye, (2) with convex lens, 
focal length 2-3 cms., (3) with lowest power of microscope 
objective: in addition to continuous phosphorescence, indi- 
vidual flashes due to single alpha particle bombardment of 
ZnS are seen. (Cartwriaut, L. C., 3, 942 (1926).) 

(b) Etch test tube slightly with HF-aq., wash, dry, rotate 

an inactive suspension of ZnS in collodion in warm place 
until collodion has dried. Store in dark 48 hours to render 
non-luminous. Break a radon “implant’’ inside of stop- 
pered tube: brilliant luminous flashes occur, persist for 
some days. Use again with new implants. (HERRon, 
F. Y., 5, 598 (1928).) 
NOTE: in view 
of the many new demonstrations currently appearing in 
this field these abstracts of older articles will be very brief. 
(a) Radon apparatus, for collecting Rn from aq. Ra salts. 
(PatnopeE, W. I., 8, 966 (1931).) (6) Polonium, precipita- 
tion of Cu sheet and use to show ZnS fluorescence, fog 
track, range of alpha particles. (HorrMmann, F., 9, 155 
(1932).) (c) Radioelement sources, absorption of Th B by 
PbSO,, beta radiation from Th B, Po absorption, radio- 
colloids, Ra E absorption by glass, Ra D absorption by 
PbSO,, emenating power of Rn. (RosENBLUuM, C., 11, 622 
(1934).) (d) Separation and detection of U and Un. 
(Scuerer, G. A., 26, 111 (1949).) (e) Nuclear chemistry: 
general principles, preparation, physical and chemical 
operations. R. R., Jr., Hamu, W. H., and 
Scuuter, R. H., 26, 210 (1949).) (f) Nuclear chemistry: 
activation and deactivation. (Hamiui, W. H., 
R. R., Jr., and ScHuter, R. H., 26,310 (1949).) (g) Nuclear 
chemistry: prep. and prop. of several halogen activities. 
(Scuuter, R. H., R. R., Jr., and W. H., 
26, 667 (1949).) (h) Nuclear chemistry: basic student 
counting circuit. (Hamm, W. H., R. R., JR., 
and MacKay, C. F. 28, 98(1951).) (7) Laboratory determi- 
nation of half-life, adsorption and scattering of nuclear radi- 
ation, radiochemical separations. (GARNER, C. 8S., 27, 283 
(1950).) (j) Nuclear chemistry at Rensselaer Polytechnic 
Institute; 18 student experiments. (Ciark, H. M., 28, 4 
(1951).) (k) Radiochemical history, health instrumenta- 
tion, counters, U-equilibria products, Ce-Pr, I-Ba, neutron 
activations, exchange reactions, low energy radiations, 
cyclotron target separations. (CoryeLtt, C. D., and 
Irvine, J. W., JR., 28, 14 (1951).) (l) U,2 half-life com- 
pared with U.. (Boorn, A. H., 28, 144 (1951).) (m) 
Beta absorption, separating Th from U, half-life of U-128. 
(Brown, C. A., and Rocnow, E. G., 28, 521 (1951).)  (n! 
Summary of literature, theory, applications of radio-aero- 
colloids. ScHwerrrzer, G., and Jackson, M., 29, 51° 
(1952).) 


(Topic 9s. wiil be continued in August issue) 
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Kodak reports on: 


the answers an infrared photoresistor buyer is expected to know ... a continuous 
reactor on an academic scale... how to get started right, or even wrong 


Lead selenide in the open 
Between the kind of technical news 
picked up at a meeting where clear- 
ances are checked at the door and 
the kind picked up from reading a 
technical ad in a magazine, there is 
a difference in newsiness. At the lat- 
ter level we must content ourselves 
with trumpeting the news that 
chemically deposited lead selenide 
photoresistors can now be procured 
with no more than the normal yard- 
age of red tape required in a com- 
mercial transaction. 

The purchase order will 


read Kodak Ektron Detector “Chemical se 
(Lead Selenide), Type R2.The ‘“®'"° 


exact size of sensitive area 

(minimum dimension, 0.25mm) and 
its configuration (anything from a 
square to as intricate a multiple 
array as you can afford) will have 
been worked out in correspondence 
with Eastman Kodak Company, 
Military and Special Products Di- 
vision, Rochester 4, N. Y. This is 
the freedom you get with a chemi- 
cally deposited photoresistor. 

Lead selenide, Type R, responds 
well out to 4.5u at room tempera- 
ture, with a time constant less than 
10 microseconds.* Cooled with dry 
ice, it goes out to 5u, but the time 
constant doubles or triples. 

Of course, you don’t want lead 
selenide at all unless you need the 
long wavelength response and the 
short time constant. To a 500°K 
source, for example, chopped at 90 
cycles, you can get 35 times more 
response with lead sulfide, as in the 
Kodak Ektron Detector, Type N. 
Its time constant, though, is char- 
acteristically in the range of 500 to 
1000 microseconds. 

We have two other kinds of lead 
sulfide depositions besides Type N. 
In respect to 500°K, 90-cycle radia- 
tion, they lie between Type N and 
Type R. There is Type O, with 
around half the time constant of 
Type N and two-thirds its response. 
The other one is Type P, with a 
time constant near 100 microsec- 
onds and a 500°K response about 
one-quarter that of Type N. You 
can get beyond 3y with it at room 


was before the radiation was turned off. e is the 
_ of natural logarithms and is worth around 


temperature, and beyond 4u by 
cooling it. That was the best we 
could do for you on long wave- 
length response till they let us start 
selling lead selenide. 

In the infrared business one doesn’t 
dare quit racing one’s engine. 


Many organic compounds are 
manufactured in quantity by shovel- 
ing in the reactants and cooking. 
The “batch method” scales the 1- 
liter flask up to the 200-gallon 
kettle. We have gone the other way. 
We assemble common laboratory 
ware on a table top and operate it 
like a packed tower in a chemical 
plant. The nearer chap is running 
the reaction 


C.H;CHO+ H.C(COOC;:H;)- 
—=—.C,.H;CH= C(COOC:H;):+H:0. 


He turns up his voltage regulator 
to keep the column just hot enough 
for the water to distill off. This 
keeps the reaction going. As long 
as the reactants, with a little piper- 
idinium benzoate as catalyst are 
supplied to the funnel, his product 
collects in the bottom flask. Ethyl 


benzalmalonate is made all day 
long, yet the materials are subjected 
to reaction conditions for only 30 
seconds. Very little time for de- 
composition and side reactions. For 
a 0.7 mole run he gets in 30 minutes 
as much product and yield—at 
better quality—as in 18 hours by © 
batch technique. Some reactions 
otherwise quite impractical in the 
academic laboratory, e.g. chlorina- 
tion of xylene, run slick as glass. 
To learn more about these little contin- 
uous reactors, ask to be put on the 
mailing list for our Organic 
chemical Chemical Bulletin beginning 
Ss ehemist With Vol. 30, No. 1. Ask this of 
Distillation Products Industries, 
Rochester 3, N. Y. (Division of 
Eastman Kodak Company), who supply 
some 3700 Eastman Organic Chemicals 
for the laboratory but of equipment 
nothing more than an occasional help- 
Sul hint. 


Special sensitized products 


A poor, proud, and gentle old man 
was once arrested for helping him- 
self out at infrequent intervals over 
a long period of years by printing a 
few crude one dollar bills with 
which to buy food. When his story 
was made public, it was learned 
that upon discovering his interest 
in the graphic arts he had written 
to us and received basic informa- 
tion on which he had built his 
modest skill. 

By reading our circulars a person 
can no more acquire proficiency in 
counterfeiting than he can in auto- 
radiography of tissue sections, spec- 
trography, astrophysical research, 
or investigations with nuclear track 
emulsions. Nevertheless, as long as 
intentions are legal, it doesn’t hurt 
early in the game to obtain from us 
the essential facts about the special- 
ized photographic materials we 
manufacture for these purposes. 

New sheets entitled “Kodak Sensi- 
tized Materials for Autoradiography,” 
““Kodak Spectrum Analysis Plates and 
Films and Kodak ‘Spectroscopic’ Plates 
and Films,” and “Kodak Nuclear Track 
Materials” are obtainable without 
charge from Eastman Kodak Company, 
Special Sensitized Products Division, 
Rochester 4, N. Y. He who asks for all 
three impresses us with the scope of his 
ambitions but strains our credulity 
a mite. 


This is another advertisement where Eastman Kodak Company 
Probes et random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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Extra Large Capacity-High Vacuum 


with VENTED-EXHAUST 


PATENT PENDING 


Removes Vapors Speedily and Effectively 


¢ Eliminates oil filters and separators 
Reduces pumpdown time 


¢ Fewer oil changes required 


GUARANTEED VACUUM 
0.0001 mm Hg. or 0.1 Micron 


FREE AIR CAPACITY 
375 Liters Per Minute 


Ideal for backing-up 
Diffusion Pumps 


Illustration 
Shows 1397-B 
Duo-Seala. Pump 
Equipped With 
Vented Exhaust 


The Welch vented exhaust pump has provision for 
adjusting the amount of air introduced to meet various 
conditions of temperature and vapor concentration. 
The design is such that the air admitted through the 
exhaust vent cannot return to the system, so ultimate 
vacuum attainable approaches that of the same pump 
with the exhaust vent closed. 


1397B. DUO-SEAL VACUUM PUMP, Motor Driven. 
For 115 Volts, 60 Cycles, A.C. Each, $645.00 

1397C. DUO-SEAL VACUUM PUMP, Motor Driven. 
For 230 Volts, 60 Cycles, A.C. Each, $645.00 

1397D. DUO-SEAL VACUUM PUMP, Motor Driven. 
For 115 Volts, D.C. : Each, $749.00 

A belt guard is included with the mounted pumps. 

1397. DUO-SEAL VACUUM PUMP, Unmounted. 
With pulley, but without motor, belt or base. 

Each, $525.00 


Thus the vented exhaust enables these Duo-Seal 
pumps to remove both permanent and condensable 
ases from a system without contamination of the oil. 
his means in practice that these pumps will be able to 
reach lower total pressures in shorter periods of time, 
and good vacuum performance will be possible for long 
periods without the bothersome trapping and excessive 
number of oil changes formerly necessary. 


Pump Revolutions—300 RPM 
Motor— HP—1725 RPM 
Tubing Required—15;-inch i.d. 
Over-all Di i of M d Pump 
25% x 14% x 18% inches high 
Belt-tightening Provision 
Extra Supply of Duo-Seal Oil 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
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SCIENTIFIC GLASSBLOWING 


By E. L. WHEELER, Department of Chemistry, University of California, Los 
Angeles, Calif. 
This practical “how to” book by a veteran glass blower describes basic operations, goes 
up to advanced technique and equipment design, and for good measure also describes 


such skills as glass-to-metal seals, coating glass with metals, high-vacuum technique and 
design of distillation columns. 


1958. 500 pages, 269 illus., 60 tables. $9.75 


ADVANCES IN PETROLEUM CHEMISTRY AND REFINING, Volume | 


Edited by KENNETH A. KOBE and JOHN J. McKETTA, JR., University of Texas, 
Austin, Texas. 
Experts in the petroleum field describe and interpret recent advances. Twelve essays, 


one or more in each of these five broad divisions—economics and future trends—unit 
operations and design—refining processes—petrochemicals—mechanical equipment. 


1958. 656 pages, 131 illus., 86 tables. $13.50 


THE EFFECTS OF IONIZING RADIATION ON NATURAL AND SYNTHETIC HIGH POLYMERS 


By FRANK A. BOVEY, Minnesota Mining and Manufacturing Company, St. Paul, 
Minn. 


This first volume in a new series—Polymer Reviews—goes beyond polymer chemistry and 
is of interest to all organic chemists. The practical importance of radiation effects is 
immense; the types of changes produced are no less interesting to the synthetic chemist 
and the theorist in reaction mechanisms. 


1958. (Polymer Reviews, Volume I). 298 pages, 47 illus., 21 tables. $8.00 


ORGANIC SYNTHESES WITH ISOTOPES. In two parts. 


By ARTHUR MURRAY III and D. LLOYD WILLIAMS, Los Alamos Scientific Labo- 

ratory, Los Alamos, N.M. 
Contains detailed syntheses, in the manner of the well-known Organic Syntheses, of many 
hundreds of isotopically labelled organic compounds: In Volume I a carbon atom is 
radioactive; in Volume II the label may be a halogen, hydrogen, nitrogen, oxygen, 
phosphorus or sulfur. The carefully selected syntheses, usually offering a high yield, are 
of a general interest going beyond the radioactive application, and the great attention 
paid in this volume to nomenclature (which is troublesome when radioisotopes are 
present) will be welcomed by all who value clear, unambiguous expression in chemistry. 


1958. PARTI: 1156 pages, 29 illus., 6 tables. $25.00 
1958. PART II: 961 pages, 24 illus., 46 tables. $25.00 


NUMBER-AVERAGE MOLECULAR WEIGHTS 


By ROBERT U. BONNAR, MARTIN DIMBAT and FRED H. STROSS, Shell Devel- 
opment Company, Emeryville, Calif. 


A practical account of how to determine molecular weights, with full experimental detail 
of cryoscopic and ebullioscopic methods, and methods depending on osmotic pressure, 
vapor pressure lowering and vapor density. With theory, methods of calculation, and 
warnings as to sources of error. 


Number-average molecular weight determinations are important in problems ranging 
from the composition of gasoline to determining the extent of progress of a polymeriza- 
tion reaction. 


1958. 320 pages, 84 illus., 74 tables. $7.50 


INTERSCIENCE PUBLISHERS, INC. 


250 FIFTH AVENUE, NEW YORK 1, N. Y. 
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Call Matheson for the 
world’s most complete 
Compressed Gas Service 


Depend on Matheson for all your compressed gas re- 
quirements. Prompt service—76 compressed gases, plus 
custom mixtures available from 3 conveniently located 
plants. Precision tested automatic regulators, valves, 
flowmeters and accessories, custom tailored for individual 
gas usage. Write for catalog. 


The Mathes Company, Inc. 


Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


NOW...no need for costly glass funnels! 
NALGENE does the job without breakage... is SAFER! 


NALGENE [wh] eliminates breakage . . . gives dependable, ‘ Angled 
long-lived service. / internal 


NALGENE [4H] is economical . . . not only is the initial cost _ ribbing 
lower than glass but, with no broken equipment to replace, the original © =» - “"Sures 


investment is the only expense. _ rapid 
filtration. 


NALGENE [nu] gives top performance ... these funnels are External 
considered to be the very finest on the market regardless of price. | ribbing 
prevents 
Ask your dealer for catalog G-358 ntiteet: 


*Brand name for Nalgene Polyethylene ware. 


TOP 1.D. mm 35 65 75 90 100 160 


STEM LENGTH mm 50 65 75 90 100 125 the : 
PAPER DIAM. mm 55 110 125 150 185 240 .—_— : Ne 
NO. IN CASE 36 36 36 24 


Discounts: Less 10% in case lots; less 15% in 5 case 
assortments; less 20% in 20 case assortments. World’s largest producer of Plastic Laboratory Ware! 
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to the present day nutritional conce)ts 
about carbohydrates, vitamins, and the 
evolution of chemical analyses. Dr. \Me- 
Collum has drawn these nutritional la:\d- 
marks from literature published during | he 
past 200 years involving experiments \ ith 
both large and small animals, micro- 
organisms, and human subjects, and in 
addition reports on pertinent work in 
classical organic and analytical chemistry. 
The judgment of the writer in selecting 
the significant contributions is of pora- 
mount importance if such a book is to be 
of value. The reputation and extensive 
experience of the author as a researctier, 
teacher, and writer in this field attests to 
the fact that he is eminently qualified 
to make such selections and evaluations. 

It should be pointed out that 1940) is 
given as the approximate terminal ‘ate 
of the literature summarized, but the 
developments of the 16 intervening years 
has helped the writer in evaluating the 
research findings published prior to that 
date. This time restriction is necessarily 
reflected in the coverage of the historical 
development of subjects which have been 
investigated extensively during the past 
15-20 years, e.g., the pyridoxine complex, 
biotin, the vitamin By-cobalt relation- 
ship and other mineral interrelationships, 
and the nutritional role of antibiotics. 

Perhaps the outstanding chapters of the 
book deal with those subjects a student of 
nutrition associates with research done 
by McCollum. These are entitled Pio- 
neer Studies on Vitamin A, Investigations 
on the Etiology of Ricketts (Vitamin D), 
Discovery of Vitamins, and those chapters 
on the significance of inorganic elements 
in nutrition. One senses the author's 
keen interest in these subjects for his 
research had a significant role in their 
development. 

Graduate students and teachers inter- 
ested in nutrition and its biochemical 
aspects wanting a critical review of his- 
torical background material in nutrition 
will find a wealth of information in this 
readable book. Furthermore, ‘‘A History 
of Nutrition’’ is presented from the view- 
point of tracing the origin of concepts in 
nutrition which makes the book more than 
a compilation of facts and references. 

The book was written under the editor- 
ship of H. Bentley Glass, a well-known 
writer in the field of biochemistry and 
metabolism. 


ORVILLE G. BENTLEY 
Onto AGRICULTURAL EXPERIMENT STATION 
Wooster, 


DRYING AND DEHYDRATION OF 
FOODS 


Harry W. Von Loesecke. Second edi- 
tion. Reinhold Publishing Corp., New 
York, 1955. 300 pp. 51 figs. 29 tables. 
14.5 X 21.5cm. $7.50. 


ALTHOUGH drying of food is one of the 
oldest methods of preservation known to 
man, his unceasing search for better foods 
and more efficient techniques has m:e 80 
great progress that the first edition of the 
book which appeared in 1943 and | came 

(Continued on page A318) 
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“The book warrants serious consideration as a textbook by all teachers of the sub- 
ject."——H. Austin Taylor, American Scientist. 


“A comprehensive textbook to accompany complete course in physical chemistry.”— 


Chemical and Engineering News. 


ACCLAIMED BY MANY AS . 


. . a carefully planned and lucidly written survey of the 


whole subject of physical chemistry . . . to serve both as text book and a valuable work 


of reference! 


ALREADY being used in: 


BRANDEIS UNIVERSITY 
BROOKLYN COLLEGE 
BROWN UNIVERSITY 
CARNEGIE INSTITUTE 
NEW YORK UNIVERSITY 


NORTH DAKOTA AGRICULTURAL 
COLLEGE 


POLYTECHNIC 
BROOKLYN 


RICE INSTITUTE 


STEVENS INSTITUTE OF TECH- 
NOLOGY 


UNIVERSITY OF MASSACHUSETTS 
UNIVERSITY OF MICHIGAN ~ 


UNIVERSITY OF WESTERN ON- 
TARIO 


VANDERBILT UNIVERSITY 


INSTITUTE OF 


PHYSICAL CHEMISTRY 


by E. A. MOELWYN-HUGHES, Ph.D., D.Sc. (Liverpool), D. Phil. (Oxon), Ph.D., 
Sc.D. (Cantab), University Lecturer in Physical Chemistry, Cambridge. 


AIM AND SCOPE OF THE WORK 


This book is based on a course of lectures given by the author at Cam- 
bridge over many years to students in the last year of their honors 
degree course. It is written to meet the needs of students taking Part 
II of the Natural Science Tripos at the University, or corresponding 
honors elsewhere, but it initially takes so little for granted that it can 
profitably be used by younger undergraduates and by research workers 
who, though not trained in professional physical chemistry, need to 
make use of it. It should prove of the greatest possible use to teachers, 
and others who desire conversance with modern mid-century physical 
chemistry. 


Two chapters—experimental and theoretical respectively—are de- 
voted to the kinetic theory, quantum theory and chemical thermody- 
namics. Intermolecular forces and partition functions are given a 
chapter each; these are followed by rigorous spectrostatistical treat- 
ments of molecules containing one, two, three and four atoms each. 
Separate chapters devoted to crystals, gases, metals, liquids, solutions, 
ions and interfaces are followed by the treatment of physico-chemical 
equilibria and kinetics in homogeneous and heterogeneous systems. 


TREATMENT OF THE SUBJECT 


In this book the whole of physical chemistry is approached, first from 
the-experimental angle and next from the standpoint of the partition 
function. Where the latter method proves too difficult it is replaced 
by the standard procedure of classical thermodynamics. As an ex- 
ample, homogeneous equilibria are treated as follows: First, descrip- 
tions are given of the experimental methods used in the determination 
of equilibrium constants and the results under various conditions. 
These are compared with the supplementary experimental data 
derived from spectroscopic sources. The compounded experimental 
evidence is then examined in terms of the partition functions where 
these are available. Complicated equilibria in homogeneous systems 
are then dealt with along the lines of classical thermodynamics. 


1304 pages 6 X 9% inches Well illustrated $15.00 


PERGAMON PRESS 


NEW YORK - 


LONDON - 


122 East 55 Street « 


PARIS + LOS ANGELES 


New York 22, New York 
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Call Matheson for the Sooke 
world’s most complete to the present day nutritional conce})ts 
Compressed Gas Service about carbohydrates, vitamins, and the 


evolution of chemical analyses. Dr. Mc- 
Collum has drawn these nutritional la: 
marks from literature published during t he 
past 200 years involving experiments w :th 
both large and small animals, micro- 
organisms, and human subjects, and in 
addition reports on pertinent work in 
classical organic and analytical chemistry. 
The judgment of the writer in selecting 
the significant contributions is of pzra- 
mount importance if such a book is to be 
of value. The reputation and extensive 
experience of the author as a researclier, 
teacher, and writer in this field attest: to 
the fact that he is eminently qualified 
to make such selections and evaluations, 
It should be pointed out that 1946) is 
given as the approximate terminal date 
of the literature summarized, but the 
developments of the 16 intervening years 
has helped the writer in evaluating the 

Depend on Matheson for all your compressed gas re- research findings published prior to that 
quirements. Prompt service—76 compressed gases, plus date. This time restriction is necessarily 


custom mixtures available from 3 conveniently located reflected in the coverage of the historical 
development of subjects which have been 


plants. Precision tested automatic regulators, valves, investigated extensively during the past 


flowmeters and accessories, custom tailored for individual e.g., the 
jotin, the vitamin relation- 
gas usage. Write for catalog. ship and other mineral interrelationships, 
and the nutritional role of antibiotics. 
Perhaps the outstanding chapters of the 


book deal with those subjects a student of 
Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. by McCollum. These are entitled Pio- 


neer Studies on Vitamin A, Investigations 
on the Etiology of Ricketts (Vitamin D), 


NOW...no need for costly glass funnels! Discovery of Vitamins, and those chapter 
NALGENE does the job without breakage... is SAFER! | i One, senses the ‘anthers 


research had a significant role in their 
development. 

Graduate students and teachers inter- 
ested in nutrition and its biochemical 
aspects wanting a critical review of his- 
torical background material in nutrition 
will find a wealth of information in this 
readable book. Furthermore, ‘“‘A History 
of Nutrition’’ is presented from the view- 
point of tracing the origin of concepts in 
nutrition which makes the book more than 
a compilation of facts and references. 

The book was written under the editor- 
ship of H. Bentley Glass, a well-known 

: writer in the field of biochemistry and 
NALGENE eliminates breakage . . . gives dependable, Angled 
long-lived service. internal ORVILLE G. BENTLEY 


NALGENE [HH] is economical . . . not only is the initial cost ribbing 


lower than glass but, with no broken equipment to replace, the original a oe 
investment is the only expense. _ rapt 
filtration. DRYING AND DEHYDRATION OF 


NALGENE [##] gives top performance ... these funnels are * External FOODS 
considered to be the very finest on the market regardless of price. ribbing Mente WWen Lestechs. Geom: o& 


‘ > prevents tion. Reinhold Publishing Corp., New 
Ask your dealer for catalog G-358 P airlock. York, 1955. 300 pp. 51 figs. 29 tables. 


*Brand name for Nalgene Polyethylene ware. 14.5 X 21.5 cm. $7.50. 
TOP 1.D. mm 35 55 65 75 90 100 160 ALTHOUGH drying of food is one ©! the 


STEM LENGTH mm 50 60 65 75 90 100 125 the ‘ . oldest methods of preservation known to 
PAPER DIAM.mm 55 90 110 125 150 185 240 R j ie man, his unceasing search for better foods 
NO. IN CASE 36 36 36 36 24 12 : e kL e and more efficient techniques has m:.le 80 


EACH ee ee ROCHESTER 2) NEW YO RK great progress that the first edition of the 
Discounts: Less 10% in case lots; less 15% in 5 case } book which appeared in 1943 and bi came 
assortments; less 20% in 20 case assortments. World’s largest producer of Plastic Laboratory Ware! (Continued on page A318) 
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“The book warrants serious consideration as a textbook by all teachers of the sub- 
ject." —H. Austin Taylor, American Scientist. 


“A comprehensive textbook to accompany complete course in physical chemistry.”— 
Chemical and Engineering News. 


ACCLAIMED BY MANY AS .. . a carefully planned and lucidly written survey of the 
whole subject of physical chemistry . . . to serve both as text book and a valuable work 
of reference! 


PHYSICAL CHEMISTRY 


by E. A. MOELWYN-HUGHES, Ph.D., D.Sc. (Liverpool), D. Phil. (Oxon), Ph.D., 
Sc.D. (Cantab), University Lecturer in Physical Chemistry, Cambridge. 


AIM AND SCOPE OF THE WORK 


ALREADY being used in: This book is based on a course of lectures given by the author at Cam- 
bridge over many years to students in the last year of their honors 
BRANDEIS UNIVERSITY _ degree course. It is written to meet the needs of students taking Part 
II of the Natural Science Tripos at the University, or corresponding 
BROOKLYN COLLEGE honors elsewhere, but it initially takes so little for granted that it can 


profitably be used by younger undergraduates and by research workers 


BROWN UNIVERSITY who, though not trained in professional physical chemistry, need to 


make use of it. It should prove of the greatest possible use to teachers, 

CARNEGIE INSTITUTE and others who desire conversance with modern mid-century physical 
NEW YORK UNIVERSITY chemistry. 

Two chapters—experimental and theoretical respectively—are de- 

a AGRICULTURAL voted to the kinetic theory, quantum theory and chemical thermody- 

namics. Intermolecular forces and partition functions are given a 

POLYTECHNIC INSTITUTE OF chapter each; these are followed by rigorous spectrostatistical treat- 

BROOKLYN ments of molecules containing one, two, three and four atoms each. 

Separate chapters devoted to crystals, gases, metals, liquids, solutions, 

RICE INSTITUTE ions and interfaces are followed by the treatment of physico-chemical 


equilibria and kinetics in homogeneous and heterogeneous systems. 
STEVENS INSTITUTE OF TECH- 


NOLOGY 
UNIVERSITY OF MASSACHUSETTS 


TREATMENT OF THE SUBJECT 
In this book the whole of physical chemistry is approached, first from 


UNIVERSITY OF MICHIGAN ~~ » the-experimental angle and next from the standpoint of the partition 
function. Where the latter method proves too difficult it is replaced 

UNIVERSITY OF WESTERN ON- by the standard procedure of classical thermodynamics. As an ex- 
TARIO ample, homogeneous equilibria are treated as follows: First, descrip- 
tions are given of the experimental methods used in the determination 

VANDERBILT UNIVERSITY of equilibrium constants and the results under various conditions. 


These are compared with the supplementary experimental data 
derived from spectroscopic sources. The compounded experimental 
evidence is then examined in terms of the partition functions where 
these are available. Complicated equilibria in homogeneous systems 
are then dealt with along the lines of classical thermodynamics. 


1304 pages 6 X 9% inches Well illustrated $15.00 
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FREE 


TO ANALYTICAL CHEMISTS 


To acquaint you with S&S Ana- 

lytical Filter Papers, we invite 

analytical chemists to mail the 

— below for a free sampler 
e up of several grades. 


As an analytical chemist, you 
know that precise chemical anal- 
ysis requires filter paper of the 
proper quality and density. 

For those who demand only the 
finest working tools, S&S Filter 
Papers offer these advantages: 


1. Standardization, for consis- 
tent accuracy — complete 
physical uniformity. 

2. Selection, for more precise 
analysis — a wide range of 
types from which to choose. 


Make your own tests! Send for 
your S&S Filter Paper Sampler! 
S&S ULTRA FILTERS 
S&S dual-purpose Ultra filters — 
membranes pos- 
sessing extremely uniform micro- 
structure—are ideal for filtration of 
colloids, proteins, and micro-organ- 
isms, as ‘well as dialysis and osmosis. 
Mail coupon below for free S&S 

Ultra Filter Catalog. 


MAIL THIS COUPON TODAY 


CARL SCHLEICHER & SCHUELL CO. 
Dept. JE-7, Keene, New Hampshire 


Send me your FREE 


Ss Paper Sample 
WG S&s Ultra Filter Catalog 


Company. 
cy. State. 
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a standard text in the field needed a 
thorough overhauling after a relatively 
short time. This has been achieved in 
the second edition to such an extent that 
it is for all practical purposes a new book 
which will be most useful not only to the 
manufacturer and technologist but also 
to the student of food technology who will 
value its comprehensiveness, conciseness, 
and the many references to original liter- 
ature. 

Those readers who are familiar with the 
first edition will especially appreciate the 
inclusion of a new chapter, Dehydration 
of Miscellaneous Foods, which deals with 
so common and important items as dried 
yeast, instant coffee, dried soups, soft 
drinks, and ice cream mixes, puddings, 
potato chips, pectin, and horseradish. 
This list is but an indication what place 
dehydration has recently attained in our 
food supply. 


FRANCIS JOSEPH WEISS 
ARLINGTON, Va. 


A GUIDE TO GRADUATE STUDY 


Edited by Frederic W. Ness. Dean, 
Dickinson College, Carlisle, Pennsylvania. 
Association of American Colleges, Dis- 
tributed by American Council of Educa- 
tion, Washington, D. C., 1957. xi + 
335 pp. 17.5 X 26cm. $5. 


Tuts book is part of an effort to 
increase the supply of candidates for 


doctoral programs in all fields with » 
particular view to improving the supply 
of college teachers. It has been prepare | 
by a committee of the Association 0 
American Colleges with financial aid fro: 
the Ford Foundation. In keeping wit! 
its purposes two copies of the book hay. 
been given to each accredited four-ye: : 
college. 

The first fifth of the book consists of « 
set of brief but well-organized chapte:s 
on almost all topics relating undergradua' 
and graduate study. Quite helpful ae 
the discussions of: “‘Who should go ‘0 
graduate school?’’ ‘‘How to select a 
school,’ ‘How to gain admission 
graduate school,” “How to finance gradi 
ate study,’’ and “‘What to expect in grad 
ate school.’’ selective bibliograp!.y 
completes this part. 

The remainder of the book is a detailed 
listing of graduate schools which offer 
doctoral programs, admission require- 
ments, fees, financial assistance, fields of 
study in which programs are offered, and 
finally, the size of faculty and enrollment 
in each field. There is a useful index of 
institutions by fields of study. 

Chemistry is the most frequent field 
with programs offered at 106 institutions. 
Physics is second (83) followed closely by 
psychology (82), mathematics (75), history 
(74), and English (72). Doctoral pro- 
grams in chemical engineering are avail- 
able at 51 institutions. 

Use of this book in conjunction with the 
American Chemical Society Directory of 
Graduate Research (1957 Edition) pro- 


(Continued on page A320) 


MAINTENANCE 


tough, horn-like Polyethylene . . . practically unbreakable 


NEW Vulcathene sinks 


complete perfect drain systems 


for laboratories 


Non-corrosive: 
All surfaces 
remain smooth 
under extreme 
corrosive 
conditions. 


Chemical Resistance: 
Resists all alkalies 
and most 
strong acids. 


Solvent Resistance: 
Virtually insoluble 
in all organic solvents. 


We invite your request for more 
detailed information about Vulcathene 
equipment and installations. 


Vulcathene 


625 S. GOODMAN ST., ROCHESTER 2, N.Y. 


V7. 


DIVISION OF THE NALGE CO INC 


Easily put together 
with threaded couplinzs 
or socket welds 
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A new type of steam distilling apparatus whose 
construction insures a short distillation time, low dis- 
tilling blanks, a good recovery and automatic 
efficient washing. 


Reduced surfaces and connections of this distilling 
flask and condensers decrease the possibilities of 
contamination and loss. The simplicity of design 
makes this improved distilling apparatus easy to use. 


The individual steam system provides a convenient 
and safe operation. 


Distilling unit complete . . . . $45.50 


* See Gwirtsman, J., Mavrodineanu, R. and Coe, R. R. 
Determination of Fluorides in Plant Tissue, Air, and Water 
Anal. Chem. 29, 887 (June 1957) 


Manufactured and sold by 


LABORATORY APPARATUS e BACTERIOLOGICAL AND 
CHEMICAL GLASSWARE e INSTRUMENTS AND REAGENTS 


IRVINGTON-ON-HUDSON, N. Y. 
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CENTRIFUGE 


COMPLETELY SAFE for student use. 
Interchangeable cast aluminum 
head holds 10 x 75 mm tubes 

and 13 x 100 mm tubes. 

No Centrifuge 

with slight palm pressure. 

Silent, ruggedly built 

for long life. 

No. JC 3080—Waco Separator 

for 110 volt 60 cycle... $47.00 


WY/  SPATULAS 
_ 


Only 24¢ each 

HAND FINISHED Spatulas perfectly shaped 
for semi micro. monel 
metal with a red plastic handle. Blade is 
slightly dished with a round bottom. 


No. JC 10115—Waco Spatulas, monel, 175 mm 
long, 23 x 5 mm blade tapered to 3 mm tip. 


y Mi $3.10 per dozen $24.00 per 100 


HOT PLATE 


A 3” personal hot plate for 
each student. Priced under 
three dollars. Made to speci- 

fications of Dr. L. F. Fieser 

for organic semi-micro. 
Nichrome element and high] 

conductive aluminum 

Complete with cord set. 


WW No. JC 6612—Waco hot plate $2.95 


BURNER 


Adjustable for Natural and Mixed 
Gases. h gas and air are ad- 
justable for full control of flame. 
Nickel-plated brass with flame 

rtop. Takes ‘/;, wing- 
top, burner height 85 mm. 


No. JC 2627 Waco Burner. . $1.80 each 
$1.60 each 


WRITE FOR FREE 
SEMI-MICRO Catalog No. 
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vides a senior chemistry major and his 
faculty advisor with some hitherto rather 
inaccessible and pertinent information 
about the doctoral programs in chemistry 
at American universities. Some of the 
early chapters are most strongly recom- 
mended reading for juniors and even 
sophomores as they plan their under- 
graduate programs. 

This book would be a helpful addition 
to any chemistry library. In view of the 
already high activity in graduate study 
of chemistry the book probably will not 
produce a significant increase in the num- 
ber of graduate chemistry students. In 
many other fields this book should prove 
to be a vital “‘shot in the arm.’’ 


EDWARD L, HAENISCH 


Wasasu COLLEGE 
CRAWFORDSVILLE, INDIANA 


A STUDENTS’ HANDBOOK OF ORGANIC 
QUALITATIVE ANALYSIS 


J. B. Bowen, S. H. Graham, and A. J. S. 
Williams, University College of Wales, 
Aberystwyth. University of London Press, 
Ltd., London, 1957. 189 pp. 14.5 xX 
22 cm. 


Tue Preface states “This book was 
written as an introduction to qualitative 
analysis for  first- and second-year 
university students, but additional matter 
has been included so that the needs of the 
more advanced student reading for 
honours are also fully met.’’ 


This book is comparable in scope to the 
widely used qualitative organic texts by 
Shriner, Fuson, and Curtin and by Mc- 
Elvain, but it suffers by comparison with 
these two excellent books in the following 
particulars: The discussion of the relation- 
ship of structure to solubility and to phys- 
ical constants is very brief. There is no 
mention of the various techniques for 
determination of physical constants. In- 
dividual compounds listed in the tables 
of derivatives are not included in the index 
which would have made their location 
much more convenient. The tables of 
derivatives appear adequate in length. 

JAMES L. A. WEBB 
SouTHWESTERN AT MEMPHIS 
Mempuis, TENNESSEE 


REASON AND CHANCE IN 
SCIENTIFIC DISCOVERY 


R. Taton. Translated by A. J. Pomerans. 
Philosophical Library, Inc., New York, 
1957. 171 pp. Many figs. 15 X 23.5 
cm. $10. 


To THOSE interested in case histories 
describing the varying paths of scientific 
discovery, this book will come as a wel- 
come addition since it brings to the atten- 
tion of the reader a number of important 
pieces of continental European work not 
generally known in this country. With 
the increasing concern for the right train- 
ing of scientists must come a greater in- 
terest in the actual ingredients that make 
for greatness in science. There is an im- 
pressive and growing literature on the 
creative process in mathematics, and a 


number of studies in the area of physics 
have been made. Chemistry has barely 
been touched and unfortunately this book 
does little to fill the gap. Of the sciences 
tabulated in the index (astronomy, biol- 
ogy, chemistry, instrumental techniqu:s, 
mathematics, medicine, and physics) 
chemistry is the subject most sparsily 
treated, only the discovery of the eleme:.ts 
through studies of radioactivity and sp.c- 
trum analysis being dealt with in detai. 

Furthermore, apart from the classifi- 
cation of factors in discovery implied hy 
the chapter headings in part 2 (System:itic 
Discovery, The Fruitfulness of Some J)is- 
coveries, Flashes of Thought, The Role 
of Chance, The Role of Error) the author, 
according to the preface, has intention:illy 
desisted from theorizing about the natiire 
of scientific discovery. This has its 
merits but it leaves the reader bewildered 
in the face of the multitude of examples. 

In part 1, the author differentiates be- 
tween three realms of discovery, those in 
mathematics, theoretical sciences, and 
observational and experimental sciences. 
Part 3 deals with the problem of simul- 
taneous discovery, of missed discoveries, 
and with the distressing struggles many 
valuable ideas and discoveries face before 
they are accepted and utilized. Through- 
out the book the qualities of character 
required by innovators are well brought 
out. 

The book ends with a discussion of the 
increasingly collective character of modern 
scientific research and the dangers to 
creativity that such an organization of 
science must guard against. The ex- 
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Goon Reason Why - 


COORS is the best bu Veo 
COMPLETE LINE OF ITEMS 


With a hundred and fifteen styles and seven-hundred 
and thirty separate items listed in the Coors catalog 
you may be sure to find the porcelain item you need. 


From a crucible holding less than 1 ml. and only 


1 cm. in diameter to an evaporating dish containing 
36/2 liters and 25 inches in diameter you can select 
a size and shape to exactly suit your purpose. 


Since Coors Porcelain first came on the American 
market in 1915 the widest variety and highest quality 
chemical and scientific porcelain has been continuously 
available from Coors, without fail. 


You, the chemist and scientist, have seen fit to select 


Coors as the major source of laboratory porcelain for 


over forty years. 


COORS 


U.S.A 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 
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barely 
his book 
mt ample of chromatography is cited in this 
LY, Diol- 
= e, dependable 
pure, dependa 
sparsely 
leme).ts 
id S8pcc- lah fi Iter papers rated a dye mixture by means of blotting 
detai. paper, and Schoenbein a little later sepa- 
classifi- 7 rated metallic salts by paper chromatog- 
lied by raphy. Another story told in detail and 
stemii tic likely to be of interest to chemists is the 
me J is- one about penicillin. 
he Role The translation, presumably from the 
author, French, is careful and smooth, and the 32 
tionally plates are superb. There is an index of 
> Nature subjects, subdivided into different sciences, 
has its and an index of about 280 names from the 
vildered history of science. 
0. T. BENFEY 
Eartuam COLLEGE 
those in Ricumonp, INDIANA 
8, «and 
ciences, 
pene ANNUAL REVIEWS OF NUCLEAR 
overies, SCIENCE. VOLUME 7 
§ many Edited by James G. Bekerlye, Schlump- 
ate All E-D lab papers are low in ash berger Well Surveying Corp., Robert 
ite content, neutral and substantially Hofstadter, and Leonard I. Schiff, 
brought free from solubles. These are 
qualitative papers, noted for con- 
1 of the sistent accuracy and dependable 
modern uniformity. Tuts volume maintains the high scien- 


tific standards of the series to which it be- 
longs. It covers in detail the more recent 
advances in some of the fields of physics, 
chemistry, and biology which have ex- 


gers to 
tion of 
he ex- 


18 grades to choose from. Smooth 
or creped surface, circles or 


folded circles, sheets, strips or Sisniiatiees 


rolls, in any size. 


CHROMATOGRAPHY PAPER 

In addition to the desirable char- 
acteristics mentioned above, E-D 
4 Papers permit a 


uniform rate o capillary climb. 
Available in sheets, strips or rolls. 


Write for Bulletin 158, contain- 
ing characteristics of the 12 E-D 
papers most frequently used for 
Chromatography. 


The 


Calon. Dikeman 


MT. HOLLY SI sO PA. 
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perienced the impact of modern nuclear 
science. 

Subjects reviewed are: Mu-meson Phys- 
ics, J. Rainwater; Radiochemical Separa- 
tions by Ion Exchange, K. A. Kraus and 
F. Nelson; Equipment for High Level 
Radiochemical Processes, N. B. Garden 
and E. Nielsen; Cellular Radiobiology, 
E. L. Powers; Biochemical Effects of 
Ionizing Radiation, B. E. Holmes; Ver- 
tebrate Radiobiology—Lethal Actions and 
Associated Effects, V. P. Bond and J. 8. 
Robertson;—The Pathology of Radiation 
Exposure, C. C. Lushbaugh; The Collec- 
tive Model of Nuclei, F. Villars; Nuclear 
and Nucleon Scattering of High-energy 
Electrons, R. Hofstadter; Collision of 
<1 Bev Particles (Excluding Electrons 
and Photons) with Nuclei, 8. J. Linden- 
baum; The Measurement of the Nuclear 
Spins and Static Moments of Radioactive 
Isotopes, W. A. Nierenberg; Hyperons 
and Heavy Mesons (Systematics and 
Decay) M. Gell-Mann and A. H. Rosen- 
feld. 

The opening chapter, by Rainwater, 
sets the tone of the book quite dramat- 
ically in the third and fourth sentences: 
“The most exciting development in this 
field is but a few months old at the time 
of this writing. It is the experimental 
verification. . .of the predictions of Yang 
and Lee. . .of the polarization of u-mesons 
with respect to their emission direction 

..and of the front-back anisotropy of 

. .electrons....’’ The next sentence be- 
gins “‘The same theory seems to have been 
independently formulated...’’ and the 


(Continued on page A323) 


instance for whose improvement Martin 
and Synge received the Nobel prize. It te, FUSED QUARTZ (2 
will be of some interest to chemists in this ee: 
connection to learn that long before MEETS. YOUR ee 
Michael Tswett, Runge in 1850 had sepa- a : 
i 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 
THERMAL AMERICAN 


FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


t Please send technical data on 


Zone___State__ 
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_ Unbreakable Polyethylene Eliminates all storage battsries and 
storage battery accessories for 


CHECK VALVE Bi SPECTROPHOTOMETERS 


Operates in any position. Can be taken apart for cleaning by 4 {especially the Beckman Mode! DU) 
soaking in boiling water. Very low pressure provides @ positive apes ; 
seal. Use in vacuum line and many other ways in the laboratory. ee ' ; and 


Overall length 214”, tube connections 34” long and taper from 34” 


* 


volts to 10 volts dc 
PIONEER PLASTICS. _ Lower Voltages from a divider 


“Box 38, FarHills Branch Daytoni9, Ohio 


Tosh 
Send for catalog of ning 


NEW SIZE! 


CENCO® 


* Patent Pending 


a Yours for the Asking! 

ports up to lbs. 
precision control of “ 4 Write for NYLAB's booklet “U. S. Units of 

wees adjustments thru an 

elevation of more than 3”. *3x3" f Measure and Conversion Factors" . . . Avail- 

for chachment Model 11 able to interested technical personnel writ- 
$18.75. ing on company letterhead. 


CENCO the most complete line of scientific in- 
and | tory supplies in the world. 


COMPANY, INC. 


Varick Street, New York 
Telephone CAnal 6-6504 
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reader immediately recognizes that he has 
been plunged into surging torrents of 
scientific progress. 

A volume such as this contains much 
material, principally of a mathematical 


averaze chemist, even to the physical 
chemist. Nevertheless, he grasps a feel- 
ing of the extent of the basic studies in 
progr:ss and is occasionally charmed by 
bits of usage that seem to verge almost on 
chemistry, e.g., the fact that a »* meson 
plus a single electron which it picks up 
during the slowing-down process can be 
treated as a ‘“‘muonium system.”’ 

The flavor of the physical and of the 
biological portions of this volume is here 
only lightly rendered. It should be em- 
phasized that each chapter is reasonably 
extensive and inherently engrossing even 
to the neophyte. In the chapter, Bio- 
chemical Effects of Ionizing Radiations, 
the comments on the role, or lack of role, 
of HO. and on radiation protection in 
hibernating animals are particularly evoc- 
ative to this reviewer. In the chapter, 
Vertebrate Radiobiology, he finds the sec- 
tion on dosimetry equally engrossing. 

Two other chapters are particularly 
useful for chemists. The one on Radio- 
chemical Separations by Ion Exchange 
treats ion exchange processes very broadly. 
It is intended to be, and is, useful also to 
chemists interested in separations of non- 
radioactive material. It concludes with 


natur:, uncomfortably recondite for the 


a comment on the applicability of ion 
exchange in systematic analysis. The 
chapter, Equipment for High Level Radio- 
Chemical Processes, can be read advan- 
tageously by every chemist active in any 
branch of radiochemistry as well as by 
anyone who proposes to begin such work. 
This volume, like its predecessors, is 
essential to a modern chemical library. 


MILTON BURTON 
University or Notre Dame 
Norre Dame, INDIANA 


SIXTH SYMPOSIUM (INTERNATIONAL) 
ON COMBUSTION 


The Combustion Institute. Reinhold 
Publishing Corp., New York, 1957. 
xxv + 943 pp. Many figs. and tables. 
18 X 26cm. $28.00. 


Tue Sixth Symposium on Combustion 
was held during the summer of 1956. 
This volume collects the 129 papers read 
by authorities from all over the world and 
also provides résumés of three panel dis- 
cussions. One-third of the book is de- 
voted to the structure and propagation 
of laminar and turbulent flames. 

No library promising a coverage of 
newer developments in the study of re- 
action kinetics, thermodynamics, or ex- 
perimental and analytical techniques can 
be without this 943-page record of com- 
bustion research and its application. 


W. &. 


POLYURETHANES 


Bernard A. Dombrow, Director of Lab- 
oratories, Plastics Division, Nopco Chem- 
ical Co., North Arlington, New Jersey, 
1958. ix + 176 pp. 13.5 xX 19 cm. 
$4.50. 


POLYAMIDE RESINS 


Donald E. Floyd, Chemical Applications 
Section, General Mills, Inc., Minneapolis. 
Reinhold Publishing Corp., New York, 
1958. viii + 230 pp. 13.5 X 19 cm. 


PLASTIC SHEET FORMING 


Robert L. Butzko, Auto-Vac Co., Bridge- 
port, Connecticut. Reinhold Publishing 
Corp., New York, 1958. viii + 181 pp. 
13.5 19cm. $4.50. 


TueEsE three further volumes of the 
Reinhold Plastic Application series pro- 
vide interesting and useful introductions 
to their respective fields. The series is 
written on a semi-technical level so that 
it can be read easily by the chemistry 
student or practicing chemist who lacks 
background in the field of high polymers. 

The books on _ polyurethanes and 
polyamides contain chapters the 
chemistry of these substances as well as 
more extensive material on their techno- 
logical applications. The third volume, 
“Plastic Sheet Forming,’ is confined to 
purely engineering considerations. 

THOMAS FERINGTON 


CoLLeGEe or Wooster 
Wooster, On10 


Griffin 


CATHETOMETER 


$31-950 


This fine quality cathetometer offers new economy 


ing 


combined with high precision. It is a sturdy 
instrument, sufficiently robust for constant duty 
and yet of research accuracy, at a price which 
makes it attractive in all fields of use. 


* 


* Vernier reads to 0.01 mm Range 100 cm 


Precision scale engine divided to 0.5 mm 


Level sensitive to 10 seconds 


For vertical or horizontal use 


* Telescope with rack and pinion 


*Craftsmen built 


Manufactured in England by 


GRIFFIN & GEORGE (SALES) LIMITED 
Ealing Road, Alperton, Wembley, Middlesex, England 

Marketed in the United States of America by - 

THE EALING CORPORATION 


Box 90, Natick, Massachusetts 
* 
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All New! Improved! 
CENCO® 


CYLINDRICAL OVEN 


Dependable for all types of 
laboratory and product 
drying. Fast uniform 
heating. Temperature 
range 37-200°C. 
Gravity circulation. 
Inside 1434x1114”. 
Thumb release 

door control. Now 

at a low $195.00. 


Write for 
Bulletin 5B. 


CENCO 


CENCO the most complete line of scientific in- 
struments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 
1718-E Irving » bys Road © Chicago 13, Illinois 


— Mountainside, N. J. 
Santa Clara e Los Angeles Tu’ 
Toronto Montreal Vancouver 


FINEST bench press ever made 


Ram pressures 
20 to 70 tons 


Controlled 
temperature 


We build presses for every purpose in the fields of rubber and 
plastic moulding, laboratory testing and graphic arts. Write for 
circular or if you prefer we'll have our nearest representative 


call on you... 
PHI PRESS 
formerly Preco 


PASADENA HYDRAULICS, INC. 
1438 Lidcombe, El Monte, Calif. 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- | 
tion of thiamin, riboflavin, and other substances 

which fluoresce in solution. The sensitivity _ 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


a 
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Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. 


JOURNAL OF CHEMICAL EDUCA‘ION 


| 
| 
| 
| 
| 
| 
| 
| 
% 
| if | 
if 
| 
— 


LOW COST 


For drying, baking, annealing, con- 
ditioning, sterilizing, evaporating and 
heat treating. 


Welded steel! construction, 
Thermostat control — 

U. L. APPROVED. 
Damper controlled induced 
air circulation. 


Cool handle — 
proof door latch. 


Nickle plated and 

interior hardware. 

Hammerloid 
enamel exterior. 


Operating range to 200° C. Thermostat response sensitivity +1° ¢; 

An efficient system of air intake and exhaust vents provide excep- 

tionally fast drying. Ready for plug in. Thermometer and two re- 

movable shelves included. 110 and 220 volt units available. 

88 Standard models — larger bench, cabinet and walk-in ovens. 
Write for bulletins with prices. 


p= GRIEVE-HENDRY CO., INC. 


1435 W. Carroll Ave., Chicago 7, Ill. 
Export Dept., 10406 S. Western Ave., Chicago 43, Illinois 


FREE ! 
SCIENCE 
TEACHING 
AIDS 


From 

CENCO, for 

secondary teachers... pamphlets listing apparatus and 
supplies needed for demonstrations and experiments in 
science courses. 


@ Pamphiet GS6 General Science 
@ Pamphlet B8R2 Biology 
Pamphlet HSC-7 Chemistry 
@ Pamphiet P-12 (54 pgs.) Physics 
© Pamphlet DMW Physics Workbook Experiments 
Pamphlet DMB Demonstration of Physical Laws 


CENCO the most lete line of scientific in- 
stru and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1T18-E Irving Park Road Chicago 13, Illinois 
and Warehouses 
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Beckman DK Automatic 
Recording Spectrophotometer 


Widest wavelength range— 
plus near-infrared 


With the analyst’s growing interest in the 
near-infrared region of the spectrum, it is 
significant that the Beckman DK Spectro- 
photometer has been selected as the standard 
in producing near-infrared curves. 


The near-infrared region, from .7 to 3.5 
microns, is proving valuable in many fields, 
and especially in rocket fuel investigations. 
In fuming nitric acid for example, detection 
and measurement of water content is critical 
because the presence of 1% water sharply 
cuts burning efficiency. 


Beckman DK-1 and DK-2 are fully auto- 
matic recording instruments. With operating 
versatility and a broad line of accessories for 
hundreds of research and quality control 
applications, they offer the widest wavelength 
range—185 my to 3500 my (.185, to 3.54)— 
taking full advantage of ultraviolet and visible 
regions pius the important near-infrared. 


Ask your factory trained Aloe Representative for 
a demonstration. Write for bulletin A16-K. 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully-Stocked Divisions Coast-to-Coast 
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CHEMICALS 
SERVICES 


EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


SILVER IODIDE Q AR CHEMICALS 


Send for our 1957 - 1958 


SILVER BICHROMATE ! METALS Catalog listing the fines: 


SILVER SULFIDE | MINERALS 


Some of the many special chemicals we F ” 
manufacture SPECIAL CHEMICALS PRODUCED organic chemicals availabl« 
Send for New Lists 


Wine ler A. D. MACKAY, INC 


132 W. 22nd St. = New York 11, N.Y. 
CORPORATION 


BRYDEN ROD CLAMPS S 


168 EATON STREET 
BORON TRIIODIDE (m.p. 48° C) Best for all 
GLYCOLLAMIDE — Laboratory BUFFALO 8, NEW YORK 


HYDROXY PYRUVIC ACID Purposes = 

LACTAMIDE 

¥ Bryden Clamps: 

we lish, RADIOACTIVE ISOTOPES 
FOR EDUCATION 


PYRUVAMIDE 
without A.E.C. license 


TETRAPHENYL ARSONIUM CHLORIDE will = ee 
dl-THIOCTIC ACID 99% purity 

RADIATION EQUIPMENT & KITS 
Write for Prices and 


SODIUM TETRAPHENYL BORON ore on 
Radiation Safety Suggestions 


ATOMIC RESEARCH LABORATORY 
10717 Venice Boulevard Los Angeles 34, Calif. 


“Quality Products for Atomic Education” 


RARE and FINE ORGANICS 


Roend Rod to Square Clamps 


Write for FREE literature today 
CHANDLER & STEDMAN 


29-46 Northern Bivd. LIC 1, N. Y. 398 Newton St. Waltham 54, Massachusetts 


"...... a most useful reference."= 


25-Year CUMULATIVE INDEX 


Journal of Chemical Education 
American Chemistry, Prof. Getman’s story is well and 


thetically told. He has had to diari es 
family (Volumes 1 to 25, 1924 1949) 


im to write a book which students of chemical his- 


About the most important years in this 
country’s chemical history....... 


The Life of Ira Remsen 
by Frederick H. Getman 


“This 25-Year Cumulative Index of the Journal of 


tory and Remsen’s many friends will welcome. 


“But more than the life of a great chemist and teacher, 
the book is a condensed version of the most important years 
tn this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a science and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it. may be said 
that the growth of these ideas was in a large part due to 
the teachings of Dr. Remsen.” 

Chemical Engineering 


This story of the career of a leader in the establishment 
of sound scientific instruction in chemistry and chemi- 
ca] research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the lives of great people, it is a rewarding biogra- 
phy of a notable career. 


Handsomely bound, gold stamped, and illustrated with 
photographs. 


172 pages (posTPaIp) $4.50 
CHEMICAL EDUCATION PUBLICATIONS 


EASTON, PENNSYLVANIA 


Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 

Science Education, April 1954 


$4.° 
-  POSTPAID ($4.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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CHEMICALS 
SERVICES 


EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


14 LABORATORY MACHINES 
From 3-Roller Mill to Tablet Press 
i Operated with the same 
j ERWEKA LAB-MASTER MOTOR 
| Write for Free Catalog 


CHEMIPHARM 
90 West Broadway York 7, N. Y. 


SERVICES TO ADVERTISERS’ INDEX 
TECHNICAL ADVERTISERS 
Aloe Scientific, Div. of A. S. Aloe Co..... A325 


Exclusively! Agency: Frank Block Associates 
American Vulcathene, Div. of The Nagle 


Preparation of text and illustrations 

Agency: Harry Lefler, Adv. 
for ads; sales pamphlets; catalogs; el & Co., Inc., H. Reeve 
training and operation manuals Agency: Ecketein-Stone, Inc. 


Beckman Instrumen 

Burrell Corp 

urre 

Retouching Agency: Wilhelms, Adv. 


Our staff has the analytical judg- ° ... A322, A324 & A325 
ment, specialized skills and the experi- 
ence required to organize and carry Chem Ed Buyers’ Guide. . . -A326 & A327 
Cole Instru ts, Inc. A308 
through any technical writing or Agency: “Hollander & Weghorn 
illustrating assignment. Coors Po 


celain Co. 
Frank ‘Phillips, ‘Adv. 
RAPID e EFFICIENT « ECONOMICAL Delta Chemical Works, 
Consult us without obligation 


@ Industrial photography 
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COATS 


Standard for Over Forty Years / 
.SIX QUALITIES in FOUR SIZES « 


GROUP PRICES-BONUS APRONS 
well made - strong tapes- the six 
different qualities with a wide 
price range are designed to fit 
your needs for good aprons at 
the price you want to pay. 


Inc. 
Agency: Miller Adv. Agency, Inc. 
The Ealing Corp 


60 E. 42nd St., N.Y. 17, N.Y. MU 7-4185 Eaton-Dikeman 
Agency: Arthur Olian, “Inc. 


Fisher Scientific Co. 
Agency: Smith, Taylor & Jenkins, Ine. 


SEND FOR CIRCULAR 
NO, 15 


For Information-Material 

« Somples and Prices on 

LABORATORY APRONS 
ond COATS 


, LAB COATS: Distinctive 
style- top quality materials. 
Made especially for lab use. 
Choice of five colors. 
NONE BETTER - Worn by 
thousands. Sent you prepaid 
and your satisfaction guar- 
anteed. Light weight - cool 
+ durable and comfortable. 


School Cyosen, 
15 East McWilliams Street 
FOND DULAC, MISCONSIN_ | 


e Titanium Tetraiodide 
e Titanium Trisulfate 

5-Tocopherol 

a-Tocoquinone 

o-Tolualdehyde 

m-Tolualdehyde 

¢ p-Tolylsemicarbazide 
¢ Triacetoneamine 

¢ Triallylamine 

1,2,3-Triaminopropane 
¢ 4,5,6-Triaminopyrimidine 
Triazole 

Trichlorogermane 

Trichlorosilane 

¢ Triethanolamine Trinitrate 
¢ Triethyl Antimony 

® Triethyl Borate 

Triethylcholine 

¢ Triethylenemelamine 
Trimethyladipic Acid 

* Trimethyl Antimony 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


Floza 7-8171 
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UNKNOWNS 
Qualitative Analysis Classes 


One hundred qualitatively different lots of 


metals and alloys and mixtures of metals and 
for analysis. Detailed list on 


Cargille Unknowns have been used 
in many colleges since 1932. 
R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


TRADE-MARK 


GRIGNARD REAGENTS (RMgX) 


for application in hormone and vita- 
min chemistry, in allied drug produc- 
tion, in special insecticides, etc. 


Cheaper to Buy (some sell for less than 
$1/lb. of solution) from ARAPAHOE’S 
own Multi-Ton Production. 


GRIGNARD REAGENTS IN ETHYL 
ETHER: The n-Butyl and the Ethyl 
Chlorides, and the Ethyl, Methyl, and 
Phenyl Bromides, and the Methy! Jodide. 


GRIGNARD REAGENTS IN BUTYL 
ETHER: The Methyl Bromide. 


GRIGNARD REAGENTS IN AMYL 
ETHER: Methyl Magnesium Iodide 
(‘‘Zerewitinoff” Reagent). 


These are usually supplied as 3 Molar 
solutions, one is 4 Molar, and one is 1 
Normal; other halides, solvents and 
strengths are or can be supplied. 


For full information on properties, Han- 
dling Procedures, and CUSTOM SERV- 
ICES write Dept. “E.” 


ARAPAHOE CHEMICALS, INC. 
2800 PEARL STREET -» BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


Co., Emil 
F airfar, Inc. 
Grieve-Hendry, Inc. 
a ney: Jacobson & Tonne, Adv. 
Griffin & George, Ltd 


International Equipment Co. 
Agency: Chambers, Wiswell, Shattuck, 
Clifford & McMillan, Inc. 
Interscience Publishers, Inc.. 
Agency: Henry E. Salloch Adv. 


Agency: Walter Thompson Co. 
Klett Mfg. és 


Matheson Co., Inc., 


The 
Leonard M. Associates, 


Inc. 
McGraw-Hill Book Co., Inc....... 


Nalge Co., The 
Agency: Harry Lefler, Adv. 
New York Laboratory Supply Co., Inc.. 
Agency: Raf Adv., Inc. 
Nuclear-Chicago Corp. 
Agency: Don Colvin & Co., Inc. 


Ohaus Scale Corp. 
Agency: Robert M. Baldwin 


Pasadena Hydraulics, Inc........... 
Pergamon Press, Inc 
Agency: Birsch Scientific Adv. 
Perkin-Elmer Corp.. 
Agency: G. M. Basford Co. 
Pioneer Plastics 


Racine & Co., Inc., Jules. . 
Agency: W G. Seidenbaum & 
Supply C 
Agency 
& Reed, Inc. 


Sargent & Co., E. H.. 

Agency: Kreicker & Meloan. Inc. 
Schleicher & Schuell Co., 

Agency: Wildrick & aie Inc. 
Standard Scientific Supply Corp.. 

Agency: Firestone Adv. Agency 


Tenso-Lab, Inc. 
Agency: David Gabrielsen Adv. 
Therma! American Fused Quartz Co., Inc. 


Agency: Asher, Godrey & Franklin, Inc. 


omas Co., Arthur 


U. S. Stoneware Co. 
Agency: Ralph Gross Adv., Inc. 


W. M. Welch Scientific Co., Div. of W. M. 
A307 


Welch Mfg. Co 
Agency: H. A. 
Wiley & Sons, Inc., John 
Agency: Norman W: aters & Associates 
Wilkens-Anderson Co 
Agency: Mandabach, 
‘imms, Inc 
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For more than 

68 Years > shange and 
the World has inspiring story...” 
—tumedto 
|\| || EDWARD WILLIAMS MORLEY 


for the finest in His Influence on 
TIMERS LA Science in America 


by Howard R. Williams 


“This book tells the strange and inspiring story 
of a man who started out as a theologian and 
ended as a top-flight chemist.”’ 


r 
PRODUCTION 


Write for the Latest 
CATA Lo G. ‘4 “‘As is often the case, his life’s work started from 


Sve | — > what seemed at the time an unimportant incident. 

JULES RACINE & COMPANY , INC ae ee In 1875 the Ohio Geological Survey asked Morley 

Specialists in Fine Timers — Since 1890 ; < to analyze some natural gas, and he had to build 

20 WEST. 47mm STREET, NEW YORK an apparatus for this purpose. It was to prove 
the cornerstone of his fame.”’ 


Af ““Morley’s greatest chemical research achievement, 


eee on which his fame largely rests, was to determine 
the densities of hydrogen and oxygen. After the 
most brilliant and painstaking efforts, his work 
was confirmed by numerous scientists, thus assur- 
ing the correctness of the fundamental ratio of 
the weights of oxygen and hydrogen atoms.” 


Acenaphthylene; Acetobromo: oglucose cetonedicarboxylic Acid; 
Aconitic Acid, roc! Adenosine Diphosphate, 
Anseri Arechi Arachidonic Aci Argininamide; 
benzoxychloride; Carnosine, Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol, B-Chloralose 
phonic Acid; p-Chloromercuribenzoate; Cholestero 
H Collagen, +-Collidin, Columbium Chloride, 
Acid; Desox 


Erucic 
thylpyridinium 
womide; Fruct Gitoxin; ic Acid, Gluco- 
sides; Glucuronides; Phosphate; 
Glyeylleucine, Glycyltryptop! ly 
inese; Hyaluronic Acid; 4-Hydroxyactidine, b.Hy droxyaluamic 
a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide 
josobenzoic Acid; lsoascorbic Acid; Isocitric Acid; teocytesine, 
Acid; Lectobionic Acid; Leucyityrosine; 
Acid; Lithium Amide; Margaric lay Menthol Glueyron- 
ide; §-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; B-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; Acid; N-Naph- 
Ni methylurea; Ac ic Acid; Para- 
Phenylpyruvic Acid, Phosphopyruvic Acid; Phthiocol; Pregneno! 
Protocatechuie Acid; Pyrimidine; Reductic 
Acid, ‘Sodium Amide, Sodiom F Sphiagomyelia ‘Sphin- 
vi; enyl; p- enyl; cid; 8-Tocopherol; 
‘ocopherol Phosphate, 


Tocopherol Phosphate 
ine Trobe ropic Acid; eryst.; Uridine; Uro- Ure- 
Acid; Vitem 


‘Although Morley is best remembered for his re- 
search work, he was in reality a “‘jack-of-all- 
trades’ and master of all those in which he en- 
gaged. It is mainly for this reason that Williams’ 
book, in which he touches on many other features 
of Morley’s life, makes fascinating reading. The 
author’s treatment, his loving understanding of his 
hero, and his lucid language greatly contribute to 
the reader’s enjoyment.” 


OTTO EISENSCHIML 
C&EN, March 3, 1958 


Ask us for others! 


DELTA CHEMICAL WORKS ic. 


(23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


$6-50 (postpaid) 


CHEMICAL EDUCATION PUBLISHING CO. 
EASTON, PENNSYLVANIA 


Vol 
JOURNAL OF CHEMICAL EDUCATION 


' 
KY 
If unobtoinable loc ly, write us; 
j 
i 
293 pages 
: 
~ 


A corrosion-resistant unit, 
suitable for research, routine 
control and student work 


hom 


CHROMATOGRAPHY TANK 


... for ascending technique with paper 8 inches square 


A simple, compact unit, designed for the devel- 
opment of two paper chromatograms 8 inches 
square, by one-dimensional or two-dimensional 
ascending techniques, using micro quantities 
(1 microliter portions) of test solution. See 
*“Ascending Paper Chromatography: A Way 
To Do It,” Journal of the Association of Official 
Agricultural Chemists, Vol. 40, No. 4 (November, 
1957), pp. 999-1029, by Lloyd C. Mitchell, 
U.S. Division of Food, Food and Drug Admin- 
istration. 


Tank is approximately 9 inches long x 314% 
inches wide X 9 inches deep, of Stainless steel; 
easy to clean; its small size relative to the paper 
area speeds achievement of vapor equilibrium. 


In use, paper sheets are attached by means 
of Stainless steel spring clips to rods of either 
Stainless steel or glass, 87% inches long X 3 mm 
diameter, which rest on removable, W-shape 
supports at top of tank. Lower edge of paper 
sheets is suspended in removable troughs which, 
in use, are filled with the mobile soivent. The 
V-shape Stainless steel troughs, 85 ml capacity, 
are 834 inches long X 1 inch wide X 1% inches 
deep; borosilicate glass troughs, 75 ml capacity, 
have round bottom and are 834 inches long xX 


ARTHUR H. 


QUALITY AND SERVICE] 
A.H.T.CO. 


PHILA USA 


[LABORATORY APPARATUS | 
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1; inches wide X ;; inch deep. A flat glass 
cover, with ground edges, permits observation 
of the ascending solvent front. In the author’s 
technique, cellophane tape is applied around 
edges of cover to form a vapor-tight seal to 
retain volatile solvents. 

*Author’s article, cited above, also describes an adapter to support 
solvent troughs 3 '4 inches below top of tank and a slotted cover, per- 
mitting use of the Thomas-Mitchell Tank for continuous one-dimen- 


sionai chromatography employing paper sheets 8 X 4 inches. 
Information on request. 


3677. Chromatography Tank, Stainiess Steel, 
Thomas-Mitchell, as above described. Consisting of 
Stainless steel tank with two supports for rods, glass cover, 
two Stainless steel troughs, two Stainless steel rods, four 
Stainless steel Spring Clips, 1 package of 100 Whatman 
No. 1 paper sheets, 8 X 8 inches, and directions for 


Each, in lots of 6.. 28.25 Each, in lots of 36.. 26.71 


3677-B. Ditto, but with two glass rods and two half 
round troughs of borosilicate glass in place of Stainless 
steel rods and troughs 


Each, in lots of 6.. 26.69 Each, in lots of 36.. 25.26 


3678-L. Paper Sheets (Filter Paper), Whatman 
No.1, size 8 X 8 inches, selected for chromatographic 
analysis, in which application this high grade, unwashed 
paper is considered to have medium flow rate. As supplied 
with 3677 and 3677-B. Per pack of 100 sheets.... 1.70 


THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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Presenting a new ACS Monograph. . . 


The Science of HIGH EXPLOSIVES 


ACS MONOGRAPH No. 139 
by MELVIN A. COOK 
Professor of Metallurgy, Director, Explosives Research Group, University of Utah 


An outstanding new monograph that wil! be universally 
acclaimed as a classic in its field! It thoroughly de- 
scribes detonation processes and related phenomena 
with theoretical interpretations and copious illustrations, 
and includes a vast amount of research, some of which 
has never before been published. Initiation, wave struc- 
ture, propagation, the nature and rates of chemical reac- 
tions of detonations, ionization, radiations, shock and 
blast waves, and damage resulting from detonation— 
all these aré critically discussed and evaluated. 

The book also presents fundamental principles and 
pertinent facts for technological applications including 


TECHNICAL EDITING 
Edited by B. H. WEIL 


commercial blasting, demolition, shaped charges, {ast 
particles, shock and blast wave propagation, impact load- 
ing, strength, penetration, and conditions for explosion 
of materials. Data and procedures for computing 
thermo-hydrodynamic properties and products of det- 
onation and modern technology of experimental explo- 
sives are presented. The work features high-speed 
sequence photographs of various types of explosives. 
This is a truly great scientific masterpiece which is a 
must for every technical library and for all industries 
whose interest even remotely involves explosives. 


1958, 470 pages, profusely illustrated, 7” x 10”, $29.50 


Chief Editor, Technical Information Division, Esso Research and Engineering Company 


Here are the basic concepts and operating practices of internal 
communications, journal editing, book mF ishing, and graphic 
aids presentation for all technical fields. The contributors are 
leading authorities, and they provide ideal guidance for both 
the experienced and beginning editor. This book is much more 
than a copyreading manual; it deals with editing as a primary 
communications step. It relates the documents of all technical 
areas to the cardinal purpose of serving the potential reader. 


There is also emphasis on how to work with authors. This is 
the first time that every technical editing principle has been 
brought together in one place. The coverage of subjects and 
techniques is thoroughly up-to-date. The book serves the ex- 
perienced technical editor, the management of technical indus- 
tries and agencies, the fledgling editor, and the technical student 
who is attracted to editing as a profession. 


1958, 288 pages, $5.75 


INFORMATION AND COMMUNICATION PRACTICE IN INDUSTRY 


Edited by T.E.R. SINGER, Technical Information Consultant 


Immediate answers to every communication question are clearly 
provided here in the best handbook style. Nineteen chapters 
cover the entire subject for technical organizations of all kinds. 
Several leading experts contribute valuable directions for the 
most efficient handling and transmission of data, information and 
ideas. Whether you want to design data tables, classify material, 


edit a report, or abstract articles—this is the one book that shows 
you how to accomplish the numerous tasks involved with modem 
communications. By the very nature of its material, it also 
provides ideas and suggestions for improving company or insti- 
tutional communications programs. 


1958, 310 pages, $8.75 


BIOLOGICAL TREATMENT OF SEWAGE AND INDUSTRIAL WASTES 


Volume 2: Anaerobic Digestion and Solids-Liquid Separation 
Edited by BROTHER JOSEPH MC CABE and W. W. ECKENFELDER, Manhattan College 


The second in a series covering the entire field of biological 
waste treatment. Volume Two records the pr ings of the 
Second Waste Treatment Conference held at Manhattan College. 
Twenty-eight papers, contributed by leading authorities and 
arranged in logical sequence, review the entire field of anaerobic 
treatment, aieoundien and flotation, vacuum filtration and 


sludge conditioning. Future conferences on waste treatment to 
be held at Manhattan College will be published as subs: “ 
volumes. This series, and the individual volumes in it, wil! be o 
tremendous practical value to industrial engineers, sci ntists, 
municipal officials and others concerned with waste trea‘ment. 


Volume 2, 1958, 350 pages, $11.50 
Volume 1: Aerobic Oxidation, 1956, 400 pages, $10.00 


Send today for your ON-APPROVAL Copies 
REINHOLD PUBLISHING CORPORATION ° Dept. M-281 « 430 Park Ave., New York 22, N.Y. 
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for use in 
Class I, Group D locations! 


INTERNATIONAL 
EXPLOSION-PROOF CENTRIFUGE 


Listed by Underw,iters’ Laboratories and 
the Canadian Standards Association, this 
Size 2 Model EXD Centrifuge has explosion- 
proof % hp motor, control housing and 
electrical fittings. So, it’s safe for use in all 
Class 1 Group D atmospheres. This model 
accommodates all heads and other accessories 
used in the International Size 2 Centrifuge 
and with corresponding speeds and forces. 


for centrifuging 
infectious materials! 


INTERNATIONAL 
SEALED ACCESSORIES 


Developed for the U.S. Army Biological 
Warfare Laboratories, Fort Detrick, Maryland, 
International Sealed Accessories are now being 
used for centrifuging TB sputum, fungi and 
other infectious materials without risk of 
contaminating centrifuge and surrounding air. 
New, enlarged line includes cushioned 
Duralumin cups and stainless steel shields 
with air-tight screw-on covers for holding all 
standard centrifuge bottles and tubes. 


What is your special centrifuging problem? 
International, with its problem-solving experience since 1901, has 
created new Centrifuges and Accessories for better, faster and safer 
performance. Designed with operational safety a foremost considera- 
tion, each Centrifuge and each piece of accessory equipment bears the 
IEC seal of quality and is carefully overload tested. 

There is no finer combination than genuine International accessories 
in an International Centrifuge. 


International C32) Equipment Co. 


1213SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
International — your dependable source for centrifugal force 
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NOW! Construct Accurate, 
3-Dimensional Representations 
of Molecular Structures! 


e HYDROGEN e FLUORINE e IODINE e SULPHUR 
e PHOSPHORUS OXYGEN « SILICON «+ NITROGEN 
e CARBON «+ BROMINE + CHLORINE 


MODELS ARE 

MADE OF CATA- 

LIN AND CON- 
sist BASICALLY OF DISTINCTIVELY COLORED 
SPHERES, COMPRISING ELEVEN ELEMENTS 
IN THEIR VARIOUS VALENCES 


Each element is colored in agreement 
with the recommendations of the British 
Institute of Physics, and all are designed 
to give appropriate representations to the 
three basic dimensions of the atom: 


Bond Length 
Bond Angle e Spherical Diameter 


CATALIN MOLECULAR MODELS 
are accurately dimensioned after the 
Stuart pattern and based on develop- 
ments conducted by the British Chemical 
Research Laboratories. They give the 
truest possible reproduction of the 
stereochemical picture and provide the 
most convenient means of demonstrating 
the phenomena. 


The selected scale: 1 cm. to 1 A or (10:1) represents a reasonable compromise 
between cumbrous larger models and smaller ones which are difficult to handle. 


The atoms are accurately machined from durable Catalin cast phenolic resin. 
When it is desirable to assemble molecules, the usual structural formula should 
be used as the blueprint for selecting the required atoms in the appropriate 
valency state and for the more convenient order of assembly. 


Each model set is supplied complete with: 250 atomic models of eleven ele- 
ments, rubber pegs for joining atoms to form molecules, pliers for extracting 
pegs, and an engineering drawing showing dimensions and facial angles of each 
atom in lined and partitioned cabinet. Separate atoms of all elements are also 
available at $.85 each. 


Cat. No. JC-76819 MOLECULAR MODEL SET—Complete . . . $210.00 


STAN DARD SCI ENTI FIC Arpanatus” 


S 808 BROADWAY 
NEW YORK 3, CHEMICALS 
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... laboratory glassware that shrugs off heat shock and chemical attack 


New Kimax “hard” glass apparatus offers 
exceptional resistance to heat shock, 
mechanical shock and chemical attack. 
And it’s easy to repair and modify... 
can be sealed to your present borosili- 
cate apparatus. 


24005 EXTRACTION APPARATUS. Condenser 
jackets and exterior bodies are made of 
heavy, uniform tubing for greater strength. 
In new design vapor by-pass channel pro- 
tects siphon tube. Interchangeable with 
other makes. In 30, 38, 50mm sizes. 


25055 BOILING FLASK. Made to withstand 
severe thermal shock. Finely ground joints 
provide vapor-tight fit when used with ex- 
traction apparatus. Flat bottom adds sta- 


bility. In 125, 250, and 500 ml capacities. 
16040 CONNECTING BULB. Lower tube fits 
special Kjeldahl stopper. Inside tips de- 
signed for unrestricted counterflow of liq- 
uids and vapors. Glazed tips and uniform 
tubing provide extra strength. Two bulb 
sizes, 45 and 55mm. 


26505 ERLENMEYER FLASK. First to be made 
available with screw-cap finish. Useful for 
mixing and storing culture media and for 
many chemical purposes. Supplied with 
caps. Available in 125, 250, 500, and 1000 
ml capacities. 

29048 SEPARATORY FUNNEL. Large neck 
openings and sloping shoulders permit easy 
cleaning. Stems are sized to permit liquid 
column to break and drain after shut-off. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


Stopper hand-lapped to neck for leak- 
proof fit. In 60, 125, 250, 500, 1000 ml 
capacities. 

27400 KJELDAHL FLASK. Necks tooled to in- 
sure accurate stopper fit. Reinforcing beads 
at top and uniform walls minimize breakage. 
Chemical resistance of KG-33 glass greatly 
reduces etching. Seven sizes, from 10 ml 
capacity to 800 ml. 


Krmax enables Kimble to offer greater 
savings because of its more complete 
line. Ask your dealer about quantity dis- 
counts, Kimble Glass Company, your 
most complete source of laboratory lass- 
ware, is a subsidiary of Owens-I]]inois, 
Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE O WENS -ILLIN OIs 
AN @ PRODUCT 


GENERAL OFFICES + TOLEDO 1, ©HI0 
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expanded 12th 


Edition of the 
Emi Greiner 
catalog contains 
complete 
information on 
The World’s 
Largest 
Selection 
tack ig Equipment and 
or leak. 
1000 ml 
ad to in- 
g beads 
e NEW SECTIONS on Chromatography and Nuclear 
10 ml Radiation 
e EXPANDED SECTIONS on centrifuges, electrical test- 
greater ing equipment, clinical testing, petroleum test equipment, 
mplete distillation equipment, polyethylene ware, many more. 
ity dis- e COMPLETELY INDEXED, conveniently grouped 
, your alphabetically. 


The Emil Greiner Co., Dept. 222 

20-26 N. Moore Street, New York 13, N. Y. 

Gentlemen: Please send me a free copy of your expanded cata- 
log (12th Edition) 


inois, 


mail coupon today! 


Dee EMIL GREINER CQ. 


OHIO 20-26 MOORE street ) 222 13, Y. 
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*Trademark Reg. U. S. Pat. Off. PRE 
C 
Designed and Manufactured by - 
blo 
E. H. Sargent & Co. for all a 
Polarographic Applications in uni 
Research and Control Analysis eva 
one 
MODEL POLAROGRAPH-—S-29303—Pen Recording, Po- clos 
tentiometric. The complete automatic programming, the com- 
bined visual indicator and chart recorder, and the wide flexibility 
in controls make it most convenient for both research studies and 
routine analytical applications. 
MODEL POLAROGRAPH—S-29301—Photographic Re- 
cording, Indicating. An adaptation of the original Sargent- 
Heyrovsky Micro Polarograph, Model X. Recommended for use 
in routine analyses and research procedures where the step form 
departs from the theoretical, simple shape and is complicated by 
maxima, complex formation, presence of several different ions, 
irreversible reactions, etc. and where it is consequently necessary side 
to have a continuously plotted polarogram. 
MODEL Ill POLAROGRAPH—S-29290—Manual, Indicating. 
Recommended for use in those routine analyses where only one FL 
substance is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions involving simple Ch 
ions in fairly substantial concentrations. Also useful in the per- 
formance of amperometric titrations and for instructional pur- Su 
poses in educational institutions. 
Ch 
PR 
of 
1/, 
be 


Write for our 
booklet on 3 DI 
Polarographs 
and Accessory 


MODEL XxX! Equipment d. 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS @ SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS MODEL Xlil 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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DIFFUSION OF GASES 


PREPARATION 


Construct two pieces of apparatus equivalent to that 
shown in the diagram. This may be done by glass- 
blowing as shown, or with common flasks, rubber stop- 
pers and stopcocks. Evacuate flasks A and B in both 
units. Fill with Bre vapor or NOs, close stopcock C and 
evacuate flask B of both units. Close stopcock D on 
one unit and allow air to enter B of second unit. Then 
close stopcock D of second unit. 


ELECTRODE POTENTIALS—HYDROGEN AND 
CHLORINE 


Submitted by: F. B. Dutton, Michigan State University, 
East Lansing 

Checked by: Thomas L. Reeves, Conetoe High School, 
Conetoe, North Carolina 


PREPARATION 


Provide a 6—13-volt d.-c. source, a high resistance volt- 
meter and two 600-ml. beakers and a long “‘salt bridge”’ 
of 16-mm. glass tubing as shown in diagram. Mount a 
‘/-inch carbon rod electrode in each beaker. Fill 
beakers and bridge with 6 N HCl. 


DEMONSTRATION 


Electrolyze the solution for a few minutes using the 
d.-c. source. Call attention to evolution of hydrogen at 
cathode and chlorine at anode. Disconnect from cur- 
rent source and connect to voltmeter. Observe voltage 
of cell. 


Submitted by: C. N. McCarty, Michigan State University, East Lansing 
Checked by: Leo M. Armstrong, Northeastern Junior College, Sterling, Colorado 


DEMONSTRATION 

Open stopcock C of both units. Compare rate of 
diffusion of colored gas into flask filled with air in one 
case and evacuated flask in second case. Discuss 
implications of kinetic molecular theory. 


Journal of Chemical Education - August, 1958 


REMARKS 


The carbon electrodes are porous and good adsorb- 
ents. During the charging cycle sufficient hydrogen 
and chlorine are adsorbed to operate as a primary cell 
for a short time. If the electrolysis is continued for 
sufficient time, perhaps 20 minutes, an e.m.f. of about 
1.3 volts may be obtained. 


Journal of Chemical Education - August, 1958 


tf, 
j 
A TESTED 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW EQUIPMENT AND APPARATUS 


> The Thomas-Hoover ‘“Uni-Melt’’ 
Capillary Melting Point Apparatus, is 
announced by the Arthur H. Thomas 
Co., Vine St. at Third, Philadelphia 5, 


Pennsylvania. This new instrument pro- 
vides the operator with a high degree of 
reproducibility of results with the accuracy 
required by official U.S.P. methods. 
Features include provision for viewing 
five samples simultaneously, utilizing a 


Handles every laboratory application 


V Glass-like transparency for visual control 
V String-like flexibility for easy handling 
¥ First choice of laboratories the world over 


PLASTICS AND 
SYNTHETICS 
DIVISION 


NEWARE 


AKRON 9, OHIO” 


standard glass beaker for silicone fiyjj 
bath, lagless electric heating with st« ples 
autotransformer control, rapid co: ling 
adjustable speed stirrer, and wrigu 
built-in-capillary vibrator. 


> A new mechanical, high frequency. 
wet-milling and mixing device, ava labk 
in four models, is being manufactur:d }; 
the Bronwill Division of Will (om, 
P. O. Box 127, Brighton Station, Ro. 
chester 10, New York. Designed as , 
multipurpose homogenizer-disp -rser 
Bronwill’s Willems Polytron has le \om. 
tory and production application in ‘nan; 
fields including food and chemical prog. 
essing and the pharmaceutical, cosmetic 
paper, and sugar processing industrivs, 


> The Waller Machine Products (Co, 
2335 W. Montrose Ave., Chicago 18 
Illinois, has introduced a new product 
called the Waller Carbide Scriber. | 
marks, scores, and scribes on practically 
any material, even the hardest tempered 
steels, tools, glass, ceramics, and gems, 


> A newly designed series of continuous. 
duty metering pumps that transfer 
liquids and gases through plastic or 
rubber tubing at exceptionally slow rates 
and with predetermined accuracy are now 
being produced by New Brunswick 
Scientific Co. of Somerset St., New 
Brunswick, New Jersey. Adaptable fora 
wide variety of applications, any one of 
the Model PA Peristaltic Pumps may be 
used, by itself, as a metering device to 
move materials into reaction vessels, or 
as an auxiliary pumping unit in conjune- 
tion with other equipment. 


> After 10 years of developmental 
research in the light-scattering field, the 
American Instrument Co., Silver Spring, 
Maryland, introduces a remarkably sensi- 
and accurate Absolute Light-scat- 
tering Photometer which permits studies of 
high molecular-weight compounds, deter- 
mination of particle sizes in the micron and 
submicron ranges, and recording of haze 
and turbidity in moving streams of 
liquid. 

The same company has available a new 
Bench-Model Warburg Apparatus for 
laboratory and classroom use. The new 
apparatus indicates the amount of oxygen 
or other gases absorbed or evolved by 
tissues, microorganisms, and organic or 
inorganic substances and has an over-all 
diameter of 16 inches and weighs 6 
pounds. 


> Laboratory Furniture Co., Inc., Old 
Country Road, Mineola, Long Island, 
New York, manufacturers of Steelab 
all-steel laboratory equipment, now makes 
available its complete line of fume !,oods 
with automatic 3-way safety sash co: trols. 
Advanced as automation itself, the new 
3-way controls bring to the laboratory the 
benefits of automatic time-saving 
ficiency and safety. 


> Manufacturers Engineering & | (uip- 
ment Corp., Hatboro, Pennsyy!ania, 
announces its new Model IT Glossn ster, 
a universal instrument for mex-uring 
ASTM gloss units of paints and ~:milar 
material. The new instrument als: per- 
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Editor's Gasket 


mits gonio-photometric information to be 
obtained. 


p A new, stainless steel, union bonnet 
evlinder valve has been developed by 
Hok: Inc., Englewood, New Jersey, for 
a variety of high pressure fluid control 
services up to 3000 psi. This PY 3000 
Series angle-pattern valve offers several 
outstanding features which make it an 
unusually versatile product. 


p» A new electrically powered drum- 
heater for melting drums of various 
fluid materials such as tars, waxes, 
pitches, resins, ete., has been announced 
by Glas-Col Apparatus Co., 711 Hulman 
St. Terre Haute, Indiana. Built of 
aluminum, the heater is light and easy 
to handle. All that is necessary is to 
lower it down over the drum to be heated, 
and hook up the three leads. The unit 
is designed and built in a single piece, 
and has no hinges which could be sprung 
or torn off as a result of rough handling. 


> The problem of the identification of 
tiny specimens of crystalline materials has 
been materially aided by the development 
of a relatively simple instrument for the 
rapid and precise measurement of the 
angles between crystal faces. This instru- 
ment, the Techne CM Two-Circle Opti- 
cal Goniometer (available through A.S. 
La Pine and Company, Chicago) measures 
interfacial angles accurate to a few minutes 
of are on a crystal or crystalline chip as 
small as 0.1 mm X 0.1 mm X 0.1mm by 
observation of the reflections of a light 
beam from the various faces with a tele- 
scope that moves on a graduated scale 
around the crystal. Since interfacial 
angles are an unique and invariant char- 
acteristic of each crystalline substance, 


these measurements are useful as a finger- 
print of structural identity. “The Barker 
Index of Crystals,’’ a 3-volume work that 
will contain entries for 10,000 of the more 
common chemical substances, is designed 
to be a reference file for this type of identi- 
fication work. The first two volumes have 
alresy appeared; vol. 3 is scheduled for 
com) \etion in 1958. This type of qualita- 
live inalysis is complementary to x-ray 
diffr:tion in many cases, and will also find 
applications to identification problems 
Where the specimen is too small for con- 
venient application of the x-ray technique. 


(Continued on page A345) 
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Speed Controlled—tLong Wearing 
—Non-Sparking 


Reduces Explosion Hazard 


Delicately Controlled Variable Range 
of Speed (200 to 1,400 R.P.M.) 


Long Life and Dependable Service 


Watt-Type Governor Stabilizes Speed 


WELCH ELECTRIC LABORATORY STIRRER 
with Syarhkles4 INDUCTION TYPE MOTOR 


5230. ELECTRIC STIRRER, Sparkless. 
Complete with 6-foot connecting cord, line 
switch, and plug. For operation on 50 or 
60 cycles, 115 volts A.C. Each $54.75 


5230A. ELECTRIC STIRRER, Sparkless, 
for 230 Voits, A.C. Consists of No. 2530 
Stirrer equipped with a step-down trans- 
former to permit operation on 230 volts 50 | 
or 60 cycles A.C. Each 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

ESTABLISHED 1880——— 

1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


odium Reagent, A.C.S. 


Now in new, convenient Spherical form 


Chloride (C1) 


Maximum Impurities and Specifications 


0.0015%, 


0.003%, 


Nitrogen (N) 
Phosphate (PO,) 
Sulfate (SO,) 


0.0005%, 
0.002% 


Heavy Metals (as Pb) 
Iron (Fe) 


0.001% 


Form 


Spheres, about 1/16” 
—1/4” in diameter. 


MC&B is now manufacturing Sodium, Reagent, A.C.S. in a new spherical 
form offering these advantages for laboratory use: More reactive; Safer, easier 
to use; No surface oxidation. This new form of sodium is available from your 


MC&B distributor, or write direct. 


GB 


Matheson Coleman & Bell 


Division of The Matheson Company, Inc. 
Norwood (Cincinnati), Ohio; East Rutherford, New Jersey 


A343 
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$54.75 
No. 5230 
| 


New 


HIGH TORQUE * VARIABLE SPEED 


Fberbach 


CORPORATION 


P.O. Box 63 


Ann Arbor, Michigan 


Features: 


Fits narrow space. 


Head-on silhouette, 2%” wide. 


Sealed gear head; no lubricant loss. 


3-wire cord is standard. 


Hinged support rod for better positioning. 
Two chucks on Hollow Spindle grip rod firmly. 


The Eberbach Power-Stir now 
offers the above features without 
sacrificing low price, high torque 
and variable speed, outstanding 
features of this popular labora- 
tory stirrer. Designed for inter- 
mittent heavy duty, a rheostat 
controls speed from 100 to 1000 
r.p.m. The 1/10 h.p. motor de- 
velops 16 inch-pounds torque 
through quiet 20-1 worm gear 

rive. Power-Stir is hinged on a 
1/," X 11” nickel-plated rod and 


positioned by a large wing nut. 
Rheostat housing carries toggle 
switch. Running current, full 
load is .8 ampere. 


No. 77-836 POWER-STIR, with- 
out agitator—115 volt, AC— 
$32.50 each. In lots of 12—$29.25 
each. 


No. 77-837 Stainless Steel Agi- 
tators, '/,” rod with 2” diameter 
blade. Specify length of rod. 
18”—$2.50; 24”—$2.75. 


U.S.A. 


CASSEROLES 


Several styles of Coors Casseroles are available to serve every 


laboratory need. 


There is a wide variety of sizes from 6 ml. to 4000 ml., excellent for 


digestion, decantations and heating soup for lunch. 
Coors tough chemical porcelain will withstand rough handling. 


. Send for illustrated casserole leaflet describing styles and sizes. 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 
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Editor's Sarcket 


For additional information and a copy 
of the reprint of an article from The New 
Scientist, “A New Aid to the Study of 
Crystals,’ by John W. Lewis, write to 
Arthur S. LaPine & Co., 6001 S. Knox 
Ave., Chicago 29, Illinois. 


» The Illinois Testing Laboratories, Inc., 
420 No. LaSalle St., Chicago 10, Illinois, 
are introducing a new temperature con- 
troller called the ‘Alnor’ Pyrotroller. 
It can be used anywhere where thermo- 
couples can be used. 


» A new, wide-range (0-200,000 p.p.m.), 
Type 26-302 Moisture Monitor, low- 
cost instument for accurately meas- 
uring minute quantities of moisture in 

us mixtures is now available from 
Consolidated Electrodynamics Corp., 300 
No. Sierre Madre Villa, Pasadena, Cali- 
fornia. 


» A new and fully automatic mobile 
solar furnace, operating up to 7000°F, is 
new available to research laboratories, 
and scientific and industrial testing 
companies, according to an announcement 
by Thermal Dynamic Products, 38 W. 
53rd St., New York, N. Y. 


NEW LITERATURE 


e@ A comprehensive, 24-page brochure 
on the Infracord double beam infrared 
spectrophotometer, Model 137, has been 
published by the Instrument Division of 
the Perkin-Elmer Corp., Norwalk, Con- 
necticut. The brochure describes what 
infrared is and how it is used for the 
identification of unknowns, qualitative 
and quantitative analysis, product con- 
trol, and as a permanent step-by-step 
record of a chemist’s work. The design, 
specifications, and performance of the 
Infracord are thoroughly described. 
Typical spectra illustrate the perfor- 
mance characteristics. 


@ A 78-page bound reprint of an article 
appearing in the December 1957 - Jan- 
uary, February, March, and April 1958, 
issues of Soap and Sanitary Chemicals 
Magazine under the title “Surfactants 
Listed” by John W. McCutcheon is 
available at $2.50 a copy from the author, 
475 Fifth Ave., New York 17, N. Y. 


@ A new product manual on adipic 
acid—a technical encyclopedia covering 
the properties, reactions, current uses, 
and potential applications for this widely 
used chemical—is available from R. C. 
Molden, Du Pont Polychemicals Dept., 
Fairfax, Wilmington 3, Delaware, for $1. 


@ Dr. W. A. Hamor, Senior Director of 
Research at Mellon Institute announces 
the availability of their 1957-1958 Annual 
Report. Write Mellon Institute, 4400 
Fifth Ave., Pittsburgh 13, Pennsylvania 
for a copy. 


@ Bulletin B-246 describes the Coleman 
(Continued on page A346) 
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COMBINES THE TRANSPARENCY OF GLASS WITH THE 
WAP ACT — SHATTER RESISTANCE OF PLASTIC TO 


ns, we guaraniee 
the Dura-Vac “Standard” against breakage for a 
period of one year from date of purchase, to the extent that we will 
replace accidentally broken writs free of charge. We cannot assume 
© fesponsibility for personal injury or loss of valuables which might 
tesult from accidental breakaye. 


comparable glass unit. 


' from view. Light transmission is 92% . Every 
color of the eacinns is transmitted. Practically unaffected by sunlight 
which causes severe crazing or cracking in many plastics. 


9,000 psi. 
Strength .. 17,000 psi. 
M. Charpy Unnotched Bar 

Strength is not appreciably affected by low temperatures. 


Flexual: Strength. 16,000 psi. 
impact Strength* . 3.5 ft. Ibs. 


Spherical Surface, Dura:Vac “'Standard"™ presents 
maximum in deflection of impact blows. Heavy objects 
suck as hamme:s and wrenches were dropped from heights up to 6’ 
Oeiberate Gttempts to cause breakage; orily a few minor chips 


Plexiglas, 
trade named product mo 


INELAND @ NEW JERSEY 


LOUISVILLE,’ KY., BOX 996 


i 
ANAL work 4 

| | | 
es lighter the 
| 
714 Diamete 7. Diem ” 
Height 72%; Diameter 6%”; inside Diameter 6 % ”. 
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Stock! 
Now! Available trom G A c ditor's arsket 
HIGH POSITIVE COEFFICIENT Nephelometers that are used to meas, 


; other liquids, pharmaceuticals, indus rial 


ir. Experiment and Instructi in fluids, contaminants in water, and |,a¢- 
For Repair, Expe t ction terial growth rates. They can detect ind 


GAS ANALYSIS BY T/C measure Calcium, Magnesium, Sulfites, 


Chlorides, or similar ions in trace amovnts 
¢PIRANI GAUGES ANEMOMETERS without filtering, drying, or weighing. 


TYPE 9225 FILAMENTS (AVAILABLE IN MATCHED : milk a 

PAIRS) AMBIENT RANGE: —250° TO OVER 300°C. @ Ivan Sorvall, Inc., Norwalk, ( on- 
necticut, has available their 1958 C.ta- 

logue describing the complete line of 

Sorvall Laboratory Instruments. 


@ If you are concerned with Speciro- 
photometry, you should have the ew 
Flow Chart of Spectrophotometers nd 
their accessories. Ask for Lab Guide 
- ees No. 2, Spectrophotometer Flow Charts, 
| == % 4 from your nearest Will Supply Center 
= or write to Will Corp., Rochester 3, New 
York. 


Other GoveMise Products @ The Story of Vat Dyer, a new 16-page 
Portable educational booklet about vat dyes, their 

= development, use in the textile industry to- 
m — day, and significance to the consumer, has 


TUNGSTEN (GOLD PLATED) HELIX 21 150 
KOVAR (ALLOY OF STRAIGHT 7 200 T ee art been issued by The Vat Dye Institute, 
=—— « Thermal Conductivity Inc., Empire State Building, 350 Fifth 


TUBE NUTS AVAILABLE. CAT. No. 9611 (8 ...Price Per Pair .50 Cells (Hot Wire and 
*Minimum pre $50.00 ae ( Thermistor) Ave., New York 1, N. Y. 


VISIT BOOTH 1508 @ Detectolab Model DM12 Linear Count 
I. S. A. SHOW GON -7HA wistRUMENT co. Rate Meter, Model DA5 Linear Ampli- 
PHILADELPHIA, PA. 100 KINGS ROAD, MADISON, NEW JERSEY—Tel. FRontier 7-3450 | fier and Model DS8 Precision Dinary 
Scaler are described in new technical 
bulletins just released by BJ Electronics, 


CENTRIFUGE TEST POLYPROPYLENE Borg-Warner Corp., 3300 Newport Blvd., 
TUBES: and by NALGE Santa Ana, California. 


@ Copies of the recently announced 


& @> SAMA Rubber and Plastic Tubing Stand- 
= ard may be obtained from Tubing Stand- 


30 3 
FILAMENT RESISTANCE — OHMS 


ard, Scientific Apparatus Makers As- 
sociation, 20 No. Wacker Drive, Chicago 
6, Illinois. 


@ Volume 3, No. 2 of Cyanamids, com- 
prehensive reference service on Acry- 
lonitrile and Acrylamide is available from 
the Petrochemicals Dept., American Cyan- 
amid Co., 30 Rockefeller Plaza, New 
York 20, N. Y. 


@ Workers in the fields of high altitude 
and low pressure will find useful a wallet- 
size table giving the equivalent pres- 
sures in millimeters of mercury for the 
a . range of altitudes from sea level to two 
DATA: Now formed from polypropylene ... — Rd, 
the latest plastic development. Philadelphia 20, Pennsylvania. 
Friction fit closures have knurling for easy handling. : 
PROPERTIES: High temperature resistance . . . increased clarity . . . po 
> r 
greater tensile strength . . . can be autoclaved repeatedly. analysers are available from Applied 


TUBES [i] Ask your dealer for catalog G-358 — Research Laboratories, 3717 Park P!.ce, 


75 100 100 115 115 105 172 120 
Dim.mm. 12 x13 x16 x15 x19 x29 x32 x17 @ Chemicals for the Creative Chemis':, 


Cap.mi. 3.5 65 12 13 18 50 100 15 the title of a new, 18-page booklet ust 


Each 22.23 25 26.33 35 55 25 the published by the Naugatuck Cher ical 
CLOSURES iit. division, United States Rubber 


perDoz. .80 .90 1.00 1.00 1.10 1.35 1.50 1.00 ROCHEST nee YORK Naugatuck, Connecticut. Described are 
Less Quantity Discounts 18 intermediate chemicals, some «0m- 
mercial and others experimental, v ‘ich 


(Continued on page A349) 
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Chromatograph-pure fractions —Isolation of 
pure components, as small as 0.0002 cc, is made pos- 
sible by the Beckman GC-2 Gas Chromatograph, 
using a new system of fraction collection. Pure, 
minute fractions are captured and condensed in a 
fluted glass tube, then transferred to microcells for 
infrared analysis or retained for other studies. Large 
samples can be introduced and fractionated with 
no loss of resolution, by using a unique large-column 
and time-controlled heated inlet. % These and other 
accessories — such as the new Dual Column Valve, 
Precision Liquid Sampler, Back Purge Kit, Large- 
volume Gas Sampling Assemblies and Interchange- 
able Columns- offer new versatility and precision in 
gas chromatography. For details see your Beckman 
dealer or write for Data File L-43-36. 


Beckman: 


Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


PHOTO BY WILL CONNELL 


ae 
INTAINED BY BECKMAN/INTERNATIONAL DIVISIO VIN FIFTY COUNTRIES 


PARR APPARATUS 


. . . for reactions at elevated 
Pressures and temperatu 


Series 3910 


LOW PRESSURE, SHAKER TYPE — For catalytic 
hydrogenation and other reactions at pressures to 


Beckman DK Automatic & 5 atm. using a 500 ml. glass reaction bottle held in 


a sturdy clamping device. Connections to a 4-liter gas 
tank permit quantitative control of hydrogen con- 


Recording Spectrophotometer || Matt for semperanures 100° 


Widest wavelength range— 
plus near-infrared 


With the analyst’s growing interest in the 
near-infrared region of the spectrum, it is 
significant that the Beckman DK Spectro- 
photometer has been selected as the standard 
in producing near-infrared curves. 


The near-infrared region, from .7 to 3.5 . F Series 4500 
microns, is proving valuable in many fields, oceans 

and especially in rocket fuel investigations. 
In fuming nitric acid for example, detection  sulfonation and many other reactions requiring an 


MEDIUM PRESSURE, For 
drogenation, alkylation, hydrolysis, polymerization, 


is criti autoclave with stirrer for pressures to 1000 psig. and 
and measurement of water content is critical aa with 


because the presence of 1% water sharply : 2 liter stainless steel bombs, both interchangeable in 
cuts burning efficiency. the same elects heater. 


Beckman DK-1 and DK-2 are fully auto- 
matic recording instruments. With operating 
versatility and a broad line of accessories for 
hundreds of research and quality control 
applications, they offer the widest wavelength 
range—185 my to 3500 my to 3.54)— 
taking full advantage of ultraviolet and visible 
regions plus the important near-infrared. 


Ask your factory trained Aloe Representative for 
a demonstration. Write for bulletin A16-K. 
Series 4000 


HIGH PRESSURE, ROCKER TYPE — For hydro- 
genation and other reactions at pressures to 6000 
sig. at temperatures to 350° C. Furnished with either 
0G or 1000 ml. stainless steel bombs. Apparatus in- 
cludes oscillating mechanism, electric heater, and con- 
nections for adding or removing gas under pressure 
while rocking. 


Ask your Parr Dealer or write direct. 


ALOE PARR INSTRUMENT CO. 


5655 Kingsbury, St. Louis 12, Mo. MOLINE, ILLINOIS - 3 
14 Fully-Stocked Divisions Coast-to-Coast i 
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with 
CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book wiil be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
connected with some large firm or 
organization employing a qualified 
translator. A surprising number of 
the free-lance technical translators 
available do not have an elementa 
knowledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian... .. 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemist has to be 
reasonably intelligent, he needs 
only persistence and Chemical Rus- 
sian, Self-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
experience in studying by them- 
selves, however, and should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. Perry’s 
chapter entitled Suggestions for 
Study Methods. Here the approach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabul. Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.” 


Ludmilla I. Callaham, 
CHEMICAL ENGINEERING 


221 pages $4.00 
Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 
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are produced by Naugatuck Chemical 
and are regarded as having research 
possibilities. 

@ Menial Health, a Ford Foundation 
Report describes in brief seven research 
programs devoted to this _ problem. 
Copies and information may be obtained 
from the Office of Reports, Ford Foun- 
dation, 477 Madison Ave., New York 22, 


@ Scientific Glass Apparatus Co., Inc., 
100 Lakewood Terrace, Bloomfield, New 
Jersey, announces the publication of a 
new edition of What’s New for the Labora- 
tory—33rd in the series. 


@ Chemical Products Dept., Ansul Chem- 
ical Co., Marinette, Wisconsin, has an- 
nounced the availability of a new tech- 
nical bulletin on methyl] chloride. 


@ The Bausch & Lamb Optical Co., 
Rochester, New York, has prepared a 
special manual which describes and 
illustrates the B&L Remote Control 
Stereomicroscope and the Remote Con- 
trol Metallograph. Both are standard 
research instruments equipped with 
remote relay systems for “hot”’ cell work. 
Inquiries for the Remote Control Equipment 
Manual should be addressed to Bausch & 
Lomb Optical Co., Industrial Instrument 
Sales, 898 St. Paul St., Rochester 2, New 
York. 


@ Ultrasonic Cleaning, a new illustrated 
booklet based on 12 years of experience 
in the field, is now available from Branson 
Ultrasonic Corp, 40 Brown House Rd., 
Stamford, Connecticut. 


@ For copies of LaPine Apparatus 
Review No. 8 write Arthur 8. LaPine and 
Co., 6001 So. Knox Ave., Chicago 29, 
Illinois. 


@ The Rochester Division, Consolidated 
Electrodynamics Corp., Rochester 3, 
New York, announces availability of 
Bulletin 6-1, High Vacuum Vapor Pumps. 


@ A new booklet, The ABCs of Colloidal 
Dispersions, has been issued by Acheson 
Colloids Co., Port Huron, Michigan, 
Division of Acheson Industries, Inc., 
manufacturers of the “dag’’ family of 
dispersions designed for a wide variety of 
industrial uses. 


@ A new 24-page catalogue on plastic 
laboratory-ware has just been released 
by Bel-Art Products, 4917 Murphy PL, 
West New York, New Jersey. The 
catalogue contains a large selection of 
laboratory-ware made from polyethylene, 
Tefion, vinyl, and other plastics. Copies 
of the catalogue may be had by writing 
to Bel-Art Products. 


@ An 8-page booklet containing data on 
Haemo-Sol, a laboratory detergent, is 
available from Meinecke & Co., Inc., 225 
Varick St., New York 14, N. Y. The book- 
let contains. detailed information on lab- 
oratory cleansing techniques. Such fac- 


(Continued on page A351) 


TION CHART 
FILTRATION CH” 


TO ANALYTICAL CHEMISTS 


If you are an analytical chemist, 
this handy, desk-size S&S Filtra- 
tion Chart belongs in your 
laboratory. 
Analytical laboratories have } 
familiar with standardi 
h-quality S&S Analytical 
Filter Papers. 
Now, here is complete data on 
the relative retention values of 
S&S Analytical Filter Papers, and 
other brands, in convenient size 
for ready reference. This data 
makes it possible to tell at a 
glance which grade of paper to 
select for a given analysis. 
Send for your valuable, free S&S 
Filtration Chart. Act now! Use 
the handy coupon below! 


S&S ULTRA FILTERS 


S&S dual-purpose ultra filters— 
smooth-surfaced membranes pos- 
sessing extremely uniform micro- 
structure—are ideal for filtration of 
colloids, proteins, and micro-organ- 
isms, as well as dialysis and osmosis. 
Mail coupon below for your free 
S&S Ultra Filter Catalog. 


MAIL THIS COUPON TODAY 


CARL SCHLEICHER & SCHUELL CO. 
Send me your FREE 
0 S&S Filtration Chart 
(0 S&S Ultra Filter Catalog 
Name. 
Company. 
Address. 
City. 
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SCIENTIFIC INSTRUMENTS 
APPARATUS, and SUPPLIES 


Polyethylene ‘‘Police Rods"’ 


For All Stirring . . 


One piece molded, flexible, chemically inert polyethy- 
lene rods are un breakable, can be bent to angle re- 
quired. Thin paddle ends may be trimmed with 
scissors. Usable for short periods at temperatures 
up to 100°C. Wire stiffened. 
Approximate 
overall length 
6 in, 
9 in. 
Discount of 10% on gross lots 


, Simplifies vacuum filtration with 
* Buechner funnels from 0 to 7 and 
flasks of 1%” to 3” neck diam. 
Obviates need for special stopper 
arrangements and tubulated filter- 
ing flasks 250 ml. and over; may be 
used as support for small round- 
bottom flasks. 


Cat. No. 35050 
NYLAB FILTER-GRIP 


Filter Grip . 


Vac-U-Mat . . 


Secures to benchtop, by vacuum, 
any standard 25 to 1000 ml. filter- 
ing flask—no stands, no clamps, 
no cluttering . . . prevents costly 
and spillage, saves set-up 


Cat. No. 35060 
NYLAB $2.50* 


*Discounts in quantity lots. 


Write for further information on these ond 
other NYLAB products. 


New York Laboratory Supply Co., Inc. 
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78 VARICK STREET NEW YORK 13,.N.Y 


We recommend... 


SQLIOSLIQUIDS-GASES- SOLIDSLIQUIDS- 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 

Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
Ind. Eng. Chem. 25-653 (June, 1933) 
Ind. Eng. Chem. 25-1112 (Oct., 1933) 


National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for our new 100-page booklet: 
“‘DRIERITE AND ITS APPLICATIONS” 


W. A. Hammond Drierite Company 


120 Dayton Avenue, Xenia, Ohio 
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tors as wetting efficiency, pH and buffer 
capacity, chelating action, solubilization, 
hacmo digestion and pyrogen removal are 
discussed in detail. 


MISCELLANY 


% The National Bureau of Standards, 
in 4 program supported in part by the 
Atomic Energy Commission, is collecting 
and compiling data on the chemical 
thermodynamic properties of a _ great 
number of materials. Object of the 
program is to present, in convenient 
tabular form, a critical summary of the 
thermodynamic information available on 
each chemical substance over as wide a 
temperature range as possible. 

In order that the tables may make full 
use of available information, the Bureau 
maintains a current record of all pertinent 
data. The most significant categories 
are (1) experimental heats of reaction, 
fusion, and vaporization; (2) vapor 
pressures; (3) solubilities; (4) electro- 
chemical cell measurements; (5) heat 
capacities; (6) experimental and sta- 
tistically calculated entropies; and (7) 
molecular and spectroscopic data. Ab- 
stracts of the original data are indexed 
according to chemical composition of the 
substance studied. After all of the known 
data relating to the properties of any one 
substance are assembled, the data are 
analyzed and the current “best’’ values 
selected for the various thermodynamic 
properties. 

These values are tabulated and dis- 
tributed in loose-leaf form without charge 
to government, university, and industrial 
research laboratories having need of the 
service. In addition, detailed reports 
covering certain special classes of com- 
pounds are periodically made available. 


* More than 50 colleges and universities 
have requested proposals from Nuclear- 
Chicago Corporation, 223 W. Erie St., 
Chicago 10, Illinois, for a nuclear training 
“package.”” This package, shown for the 
first time at the Atom Fair in Chicago 
last March, consists of a natural uranium, 
water moderated Subcritical Training 
Reactor, a complete laboratory of nuclear 
detection and measuring instruments and 
a manual of nuclear experiments. 

Ranging from the largest technical 
institutions to small liberal arts colleges, 
these 50 schools have expressed a willing- 
ne-s to start a new course or enlarge 
e\isting facilities to teach nuclear science 
and engineering. The Nuclear-Chicago 
xickage is designed to help these schools. 
I also fits into the categories of equip- 
mnt which the AEC will subsidize under 
th ir current educational assistance pro- 
gium, The majority of the schools 
hove submitted requests to the AEC for 
fi:ancial assistance. Many of them met 
the necessary requirements and have 
already received funds. 

An initial run of ten reactors is under- 
Wy at Nuclear-Chicago for installation at 
Uw schools this Fall. Complete cost of 
the package including reactor and in- 
struments is approximately $33,000. 
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The Only Stopcock With = 
Precision Flow 


© ALL GLASS 


(© REDUCES NU 


‘The unique design of the new VARI-FLO stopcoc 
offers many distinct advantages over conventional stop 
- cocks. The plug turns on a micrometer-like screw thread 
_ which makes precision flow control possible. The all-glass — 
-body is inert to most liquids and gases. The strong torque © 
of the screw action eliminates freezing and “'stick-slip’’ | 
- operation. One VARI-FLO covers the range of stop ‘ 
sizes from 0-4 mm. 
The VARI-FLO has a cylindrical plug which engag 
the barrel by means of an external thread arrangement 
The plug is encircled by a small groove which replac 
the conventional plug bore. The control of flow is dete 
_ mined by the alignment of this groove with the inlet an 
outlet of the stopcock. 
For more complete 


LANDISVILLE, N. J. 


WILMAD GLASS Co.,Inc. 
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Wide Range ~ Stable ~ Corrosion-Resistant « Low Cost 


Welch TRIPLE-BEAM BALANCE 


¢ Good Sensitivity 
High Stability 
Serviceable 
Dependable 


Convenient 


Accuracy-tested 


SPEEDY, ACCURATE WEIGHING 


3 Graduated Scale Levels for easy reading. Riders move easily. 
Hard, Cobalite Knife Edges maintain true edge indefinitely. 


Grooved Agate Bearings are protected against damage, yet 
highly resistant to corrosive action of laboratory fumes. 
One-piece Beam Construction—Silver-Gray Hammerloid Finish 
Rapid Zero Setting—Beam Arrest for faster weighing. 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using auxiliary weight No. 4031, the capacity can be 
increased to 201 grams. 

The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
———-ESTABLISHED 1880———— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Capacity 111 grams 


(201 grams) 
using auxiliary weight) 


SENSITIVE TO 
0.01 gram 


the hanger is 10!/: inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 
ance. Each, $1.50 


4030C. PLASTIC COVER, For No. 4030. 
Each, $1.10 
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CHEMISTRY & PHYSICS TEXTS 
FROM PRENTICE-HALL 


Ellen Raskin 


Brewster, Ray Q., ORGANIC CHEMISTRY, 2nd Edition, 1953, 
855 pages, $7.95 (Organic) 


Brewster, Ray Q., ORGANIC CHEMISTRY, A Brief Course, 
2nd Edition, 1958, $6.75 (Organic) 


Cason, James, ESSENTIAL PRINCIPLES OF ORGANIC 
CHEMISTRY, 1956, 530 pages, $7.50 (Organic) 


Cason, James; Rapoport, Henry, LABORATORY TEXT IN 
ORGANIC CHEMISTRY, 1950, 416 pages, $5.00 (Organic) 


Dekker, Adrianus, SOLID STATE PHYSICS, 1957, 544 pages, 
$9.00 (Physics) 


Dole, Malcolm, INTRODUCTION TO STATISTICAL THER- 
MODYNAMICS, 1954, 248 pages, $6.50 (Physical) 


Ferguson, Lloyd N., ELECTRON STRUCTURES OF OR- 
GANIC MOLECULES, 1952, 335 pages, $7.50 (Organic) 


Frank, Philip, PHILOSOPHY OF SCIENCE: The Link 
Between Science and Philosophy, 1957, 424 pages, $6.00 
(History and Reference) 


Frey, Paul R., COLLEGE. CHEMISTRY, 2nd Edition, 1958, 
688 pages, $7.00 (General) 


Gamow, George, MATTER, EARTH AND SKY, 1958, 576 
pages, $6.95 (Physics) 


Harrison, George R.; Lord, R. C.; Loofbourow, J. R., PRAC- 
TICAL SPECT ROSCOPY, 1949, 605 pages, $9.50 (Physical) 


Kammermeyer, Karl; Osburn, James, PROCESS CALCULA- 
TIONS, 1956, 188 pages, $4.00 (Chemical Engineering) 


King, Wendell B., SEMIMICRO EXPERIMENTS IN GEN- 
ERAL CHEMISTRY, 2nd Edition, 1955, 192 pages, $3.50 
(Laboratory Manual) 


Kharasch, M inmuth, Otto, GRIGNARD REACTIONS 
OF NON-METALLIC SUBSTANCES, 1954, 1384 pages, 
$17.50 (Organic) 


Klotz, Irving M., CHEMICAL THERMODYNAMICS: Basic 
Theory and Method, 1950, 416 pages, $6.75 (Physical) 


Latimer, Wendell M., OXIDATION POTENTIALS, 2nd Edi- 
tion, 1952, 392 pages, $8.00 (Inorganic) 


Martell, Arthur; Calvin, Melvin, CHEMISTRY OF THE 
METAL CHELATE COMPOUNDS, 1952, 613 pages, $10.00 
(Inorganic) 


Moore, Walter J., PHYSICAL CHEMISTRY, 2nd Edition, 1955, 
633 pages, $7.50 (Physical) 


Muhler, Joseph C.; Rohrer, Charles S.; Campaigne, Ernest E., 
INTRODUCTION TO CHEMISTRY, 1957, 448 pages, $4.75 
(General) 


Muhler, Joseph C.; Rohrer, Charles $.; Campaigne, Ernest E., 
INTRODUCTION TO EXPERIMENTAL CHEMISTRY, 
1958, 192 pages, $3.25 (Laboratory Manual) 


Murray, Raymond L., NUCLEAR REACTOR PHYSICS, 1957, 
368 pages, $8.00 (Nuclear Science) 


Murray, Raymond L., INTRODUCTION TO NUCLEAR EN- 
GINEERING, 1954, 418 pages, $8.50 (Nuclear Science) 


Peterson, William; Strong, Frank M., GENERAL BIOCHEM- 
ISTRY, 1953, 608 pages, $7.95 (General) 


Pitzer, Kenneth S., QUANTUM CHEMISTRY, 1953, 529 pages, 
$8.50 (Physical) 


Quagliano, James V., CHEMISTRY, 1958, 720 pages, $6.95 
(General) 


Rietz, Edward G.; Pollard, Cash B., PROBLEMS IN ORGANIC 
CHEMISTRY, 1953, 523 pages, $4.95 (Organic) 


Royals, E. Earl, ADVANCED ORGANIC CHEMISTRY, 1953, 
948 pages, $12.00 (Organic) 


Schwenck, J. Rae; Martin, Raymond M., BASIC PRINCIPLES 
OF CHEMISTRY, 1958, 448 pages, $6.75 (General) 


Schwenck, J. Rae; Martin, Raymond M., BASIC PRINCIPLES 
OF EXPERIMENTAL CHEMISTRY, 1958, 384 pages, $3.95 
(Labaoratory Manual) 


Siller, Lars; Lange, Paul W.; Gabrielson, Carl O., PROBLEMS 
IN PHYSICAL CHEMISTRY, 1952, 370 pages, $6.75 
(Physical) 

Slabaugh, Wendell; Butler, Alfred B., COLLEGE PHYSICAL 
SCIENCE, 1958, 496 pages, $7.75 (Physics) 


Sorum, C. N., FUNDAMENTALS OF GENERAL CHEM- 
ISTRY, 1955, 588 pages, $7.00 (General) 


Sorum, C. N., INTRODUCTION TO SEMIMICRO QUALI- 
TATIVE ANALYSIS, 2nd Edition, 1958, 198 pages, $3.00 
(Laboratory Manual) 


Sorum, C. N., HOW TO SOLVE GENERAL CHEMISTRY 
PROBLEMS, 2nd Edition, 1958, 176 pages, $2.25 (General) 


Walton, Harold, ELEMENTARY QUANTITATIVE ANALY- 
SIS, 1958, 342 pages, $5.75 (Quantitative Analysis) 


Walton, Harold, PRINCIPLES AND METHODS OF CHEMI- 
CAL ANALYSIS, 1952, 435 pages, $7.00 (Analytical) 


Young, Leona; Porter, C. W., GENERAL CHEMISTRY: A 
First Course, 4th Edition, 1958, 640 pages, $6.75 (General) 


To receive approval copies, write Box 903. 


od PRENTICE-HALL, Inc. 
Englewood Cliffs, New Jersey 
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MICRO BALANCES 


For high precision. 


ANALYTICAL BALANCES Symmetrical beam, 
Trouble-free, accurate, sapphire bearing. 
long-lived. 


RIGHT-A-WEIGH 
ANALYTICAL BALANCE 
Fast, direct reading, 
automatic. 


ASSAY BALANCES 


Used all over the world 
for 75 years. 


_ to get the 
little things that count in 
analytical balances 
and weights 


SPECIFY AINSWORTH 


Wl. AINSWORTH & SONS, INC. 


SEMI-MICRO BALANCES 
Improved faster models. 


NEW RESEARCH TOOL 


AUTOMATIC RECORDING ANALYTICAL 
BALANCE 


WEIGHTS 
Class M, S, and S-1. 


(National Bureau of 
Standards New Specifications) 


(2151 LAWRENCE STREET + DENVER 5, COLORADO 


Recent Sooke 


provides an almost indispensable guiie 
to the extensive literature of the field, 
especially to that of the rarer journals aid 
to local publications. Considerable atte :)- 
tion is given to stereochemical featur s 
and to mechanistic aspects of triterpe:e 
chemistry, which are illustrated wiih 
numerous and accurate formulas, there’ y 
making the book important not only 0 
the researcher active in the field but a -o 
to the teacher and student interested in 
understanding and interpreting a wile 
variety of organic reactions in gene 
Abundant details of physical propert es 
of the triterpenes and their derivatives, 
including melting points, optical rotations, 
ultraviolet and infrared spectra maxima, 
X-ray evidence, and other data, make the 
book an invaluable source of reference. 
Complete subject and author indexes «re 
also included. However, a much needed 
guide to the pronunciation of the names 
of the triterpenes is not included. 

Apart from the regret that, owing to the 
usual delays of publication, the literature 
has been covered largely only to the end 
of 1953, with a number of references to 
certain papers appearing as late as 1955- 
56, the work undoubtedly represents 
the most generally satisfactory and com- 
plete up-to-date treatise on the chemistry 
of the triterpenes which is available. 
However, more recent work such as the 
elucidation of the structure and stereo- 
chemistry of friedelin and of a-amyrin 
has been thereby excluded. 

The senior co-author, the late Sir John 
Simonsen, who made the study of the chem- 
istry of the terpenes a life-long endeavor, 
died while this volume was in the process of 
publication, but in it and in its companion 
volumes, he has left a fitting memorial 
to these untiring labors. With the char- 
acteristic flavor and charm of the much 
earlier edition preserved even in_ this 
greatly expanded second ¢<ition prepared 
with the aid of a number of capable 
coauthors, the reader will find in the pages 
of “The Terpenes’’ many an interesting 
and even fascinating lesson in the chem- 
istry of nature’s uncanny ways and 
behavior. 


ALBERT W. BURGSTAHLER 
UNIVERSITY OF Kansas 
LAWRENCE, KANSAS 


THE TERPENES. VOLUME 5: THE 
TRITERPENES AND THEIR DERIVATIVES 


The late Sir John Simonsen and W. C. J. 
Ross, University of London. University 
Press, Cambridge, 1957. ix + 662 pp. 
14 X 22cm. $15.50. 


In TuIs, the last volume of ‘‘The Ter- 
penes,’’ the remaining triterpenes nd 
their derivatives are considered. T)ese 
include hydroxy acids, such as oleanolic 
and ursolic acid; hydroxy lactones; hy- 
droxyaldehydo acids, such as gypsog«\in; 
and hydroxyketo acids, such as gly yr- 
rhetic acid and icterogenin. There is »:lso 
presented a lengthy and critical revie of 
the arguments leading to the det: led 


(Continued on page A356) 
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McGRAW-HILL 
Three Outstanding Chemical Publications 


ADVANCED ANALYTICAL CHEMISTRY 


By LOUIS MEITES, Polytechnic Institute of Brooklyn; and HENRY C. THOMAS, University of North 


Carolina. 540 pages, $8.90 


gene? 

‘opert ies 

ations An upper-division or graduate-level text for the student seeking a firm theoretical foundation in instru- 

oer mental methods. It explains the theory and practice of many modern techniques of chemical analysis 

gee and research, including potentiometry, conductometry, polarography, electrolytic procedures, absorptim- 

ip come etry, radiochemistry, and chromatography. Emphasis is on the use of instrumental techniques in 
securing data of physicochemical importance, and on the theory underlying the use of the instruments. 

ae Over 180 illustrative problems are included. 

the end 

yang FUNDAMENTAL CONCEPTS OF INORGANIC CHEMISTRY 

se By ESMARCH S. GILREATH, Washington and Lee University. 421 pages, $7.50. 

stereo- 

jomyte This text for the one-semester junior level university course in inorganic chemistry offers an elementary 

m4 approach to certain theoretical concepts. A minimum of descriptive material has been included, with a 

deavor, maximum of essential but easily-understood items. Such recent advances as atomic nuclei structure, 

<n complex ions, and coordination compounds, and recent discoveries in nuclear transformations are covered. 

— Also included is the most comprehensive discussion to be found in an inorganic text on inorganic sub- 

Pigge stances in nonaqueous solution. Pertinent questions follow each chapter. 

repared 

capable 

pa 

cet —__ QUALITATIVE ANALYSIS: An Introduction to Equilibrium 


ys and and Solution Chemistry 


“AHLER By THERALD MOELLER, University of Illinois. 550 pages, $6.50 


An important new text presenting the principles of chemical equilibrium as applied to solution chemistry, 


iE and implementing this presentation by means of laboratory training in qualitative analysis. It covers 
“ the majority of the common anions and cations in detail and lays a foundation of fact and theory for a 

riversity subsequent course in quantitative analysis. The extensive treatment of the anions acquaints the student 
we more fully with the chemistry of the nonmetals. 

he Ter- 

es and 

Md she Send for copies on approval 

es; hy- 

oge iin; 

gly 

is ilso 

os McGRAW-HILL BOOK COMPANY, INC. 


330 West 42nd Street New York 36, N. Y. 


‘AT.ON VOLUME 35, NO. 8, AUGUST, 1958 


le guiie 
he field, 
nals and 
le atte 

featur s 
iterpese 

there! y 

only 
ested in 

a wile 

A355 


“For Scientists Everywhere” 


stereochemical assignments of the major 
constitutional classes of triterpenes (8-ani- 
LABORATORY 

taraxastane, lanostane, and euphane). In 
addition, a brief exposition of the basic 
principles and applications of conforma- 
tional analysis of cyclohexane derivatives 
and a discussion of the method of molecular 
rotation differences are given. Finally, 
over 100 pages of addenda to Volume 3, 
written with the collaboration of ?. 
deMayo, bring into account recent work 
bearing on the constitution and configur:- 
tion of a large number of the sesquiterpencs 
and diterpenes. As with each of the pre- 
ceding volumes, complete subject and 
author indexes are also provided. 

An especially valuable feature of this 
volume, as well as of the companion 
Volume 4, is the detailed practical em- 
phasis placed on correlations of structure 
with ultraviolet and infrared absorption 
data, molecular optical rotation dif- 
ferences, and mechanistically significant 
reaction pathways. For today’s worker, 
in these respects, these books provide 
many interesting examples of unusual 
variety which can be cited as analogies in 
other connections or else made the basis 
of further research studies. For teacher 
amazingly realistic and student alike, as a working introduc- 
tion to the rationale of modern methods 
wrist action® for the determination of structure and 
configuration in natural products, the 
You control procedures from gentle to i exposition of contemporary research in the 


violent shaking and repeat any opera- A, jis: : field of triterpene chemistry represented 
tion, exactly, at another time. Side 
clamps take bottles and Erlenmeyer = No chemistry library serving the needs 


flasks. Loads need not be balanced. of organic chemists should be without 
this and the preceding volumes of ‘The 
Terpenes.”’ 


H -Up® ALBERT W. BURGSTAHLER 
eavy-Duty Model Exclusive Build-Up® Design 


NOUVEAU TRAITE DE CHIMIE 
MINERALE. VOLUME 3 


Edited by Paul Pascal, Membre de |'In- 
stitute, Professeur honoraire a la Sorbonne. 
. , One basic unit adapts to any combina- Masson et Cie, Paris, 1957. xii + 838 
This rugged flat-top unit Ges. Yeu build-up with an : place flat- pp. 73 figs. 17 X 26 cm. Fr 69,000. 
shakes up to 40 Erlenmeyer A . Paper bound Fr. 6000. 
Radios ar tetiiee top and with side arms for 4, 12 or 
‘ 16 flasks. Tue three volumes of Pascal’s new 
Trademark Registered U.S. Patent Office treatise published to date (See 
JOURNAL, 35, 162 (1958)) indicate that 
it will be an inorganic chemistry reference 
: t of importance in its own right «nd 
Cat. No. Shaker Price 
not merely one which must rest upon 
75-765 pag ge i aes. Size BT 232.50 merits of the earlier work. Although 
B : all three place a somewhat heavy «m- 
Size 40 for 370.00 phasis on the early references, an in- 
1d. bee Anat haker. Si creasing amount of new material in text 
and bibliography is noted in this third 
Build-Up Wrist-Action Shaker, Size BB vokeme. : 
—for 8 side flasks Rubidium, cesium, and francium re 
For 115 volts, 60 cycle, one phase. Other voltages to order. covered in about 114 pages, and with ‘he 


Prices listed are F.O.B. Pittsburgh, Pa. exception of a short general comment:ry 
by the editor on elements of Group [b, 


Ask for Bulletin No. 307 the remainder of the vulume is devote: to 

material about copper, silver, and gold. 

B —_— ELL CORPORAT { ON L. Hackspill has written the materia! on 

cientific Instruments and Laboratory Supplies rubidium and cesium, except for ine 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. (Continued on page A358) 
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By J. B. Neilands and P. K. Stumpf, both of the University 
of California, Berkeley. Revised and enlarged to include 
recent developments in the field. Provides new chapters 
on metal ion binding, the mechanism of enzyme action, 
and the dynamics of nucleotide transformations. More 
than 50% of the book is devoted to the general properties 
of enzymes, thus providing the reader with information 
he can apply with profit to all enzymes. Although the 


By Brian Mason, The American Museum of Natural History 
and Columbia University. The new second edition sum- 
marizes the significant facts concerning the chemistry 
of the earth and gives a coherent account of the physical 
and chemical evolution of our planet. Due to the many 
advances and discoveries that have been made in the 
field, much has been added to this edition, and many 


By David Kritchevsky, The Wistar Institute and the Univer- 
sity of Pennsylvania. This book serves as an accurate 
guide to present-day research and future investigations in 
the field of cholesterol. It provides a central source of 
information on the biological function and significance of 
the subject. The author has gathered together pertinent 


Edited by John F. Elliott, Massachusetts Institute of Tech- 
nology. Papers presented at the Conference on the Physi- 
cal Chemistry of Iron and Steelmaking which was held in 
Massachusetts in 1956. They cover a diverse group of 


By Maurice L. Huggins, Eastman Kodak Company. 
Based to a large extent on the author's own research, this 
book covers the entire field, concisely but thoroughly, 
without neglecting molecular structures of synthetic and 


OUTLINES OF ENZYME CHEMISTRY, Second Edition 


PRINCIPLES OF GEOCHEMISTRY, Second Edition 


CHOLESTEROL 


THE PHYSICAL CHEMISTRY OF STEELMAKING 


PHYSICAL CHEMISTRY OF HIGH POLYMERS 


CHEMICAL PROCESS ECONOMICS 


By John Happel, New York University. Emphasizing 
the quantitative viewpoint, this text provides a working 
tool to assist the student in applying technical informa- 


Send for examination copies. 


authors have avoided writing a specific ‘catalog of en- 
zymes,’ they included a list of the important properties 
of more than 500 enzymes, together with their main 
references. Like its predecessor, the second edition also 
includes a chapter on the Synthesis of Enzymes by R. Y. 
Stanier of the Department of Bacteriology at Berkeley. 
Coming in August. Approx. 464 pages. Prob. $7.50. 


chapters have been revised. Some of the new material 
includes discussions on electronegativity as a geo- 
chemical factor, isotope fractionation in geological 
processes, minor and trace elements in metamorphic 
rocks, and energy changes in the geochemical cycle. 
1958. 309 pages. College edition, $7.00. 


material which has been dispersed throughout the 
chemical and medical literature. The book is not merely 
a collection of special chapters but a unified work. It 
covers cholesterol chemistry, biochemistry, and physi- 
ology, collating the most recent data in these areas. 
Coming in September. Approx. 310 pages. Prob. $10.00. 


topics of recent origin and summarize the thinking of a 
number of leaders in the field of metallurgy. A Tech- 
nology Press Book, M.1.T. Coming in September. Approx. 
313 pages. Prob. $16.50. 


natural high polymers, including proteins. Dr. Huggins 
emphasizes fundamental principles and the explanation 
of properties in terms of molecular structure. 1958. 
175 pages. College edition, $5.50. 


tion to the economic design and operation of chemical- 
process plants. 1958. 291 pages. College edition, $7.00. 
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pages on metal hydrides by A. Herol. 
There are about 11 pages on francium b - 
M. Perey, and the sections on coppe., 
silver, and gold were written by J. Isabey , 
R. Collongues, and P. Hagenmulle:, 
respectively. 

No change has been made in forma’, 
and the devices of the bibliographic 
form, such as a note at the bottom <{ 
each page to show location of the bibl:- 


$ ography ahead, are useful. 
It is commendable that there is no 
List Price 


rigid adherence to a limited list of peri- 
odicals as source material for the entire 
W/O ATTACHMENT WEIGHTS set, and it is noted that large numbers «f 
titles not on the basic list are to be found 
in many of the bibliographies scattered 
throughout the textual material. But 
it is felt that no excuse exists for failure 
to follow a consistent form of periodic:l 
abbreviations when given at the beginning 
of each volume. 


ROGER V. KRUMM 
CAPACITY 2610 Gram SENSITIVITY 0.1 Gram University oF Fiona 


GAINESVILLE, FLORIDA 
++ATTACHMENT WEIGHT SET #707 


This handy weight rack fits under base of scale. 


Extends capacity to 2610 Gram. List price $5.00 FLAME PHOTOMETRY 


i F. Burriel-Marti, Professor of Analytical 
for complete eee : - 3 Chemistry, and J. Ramirez-Monoz, Senior 
information write for Chemistry, Uni- 
: | SCALE CORPORATION | versity adrid. Elsevier Publishing 

FREE bulletin Og 1050 COMMERCE AVE. 3 Co., New York, 1957. Distributed by 
UNION, NEW JERSEY . D. Van Nostrand Co., Inc., New York. 

xxi + 531 pp. 16 XK 23 cm. $12.75. 


POLYETHYLENE Tuts book is divided into six parts. 

PIPET RINSERS BASKETS by NALGE The first part consisting of 15 pages is 
AND JARS bd devoted to an introduction to the origin 

and principles of flame photometry. 
LESS BREAKAGE. ..polyethylene cushions glassware The second part of 13 pages is entitled 
Analysis by Flame Photometry and _re- 
peats some of the material in the first 
part. The third part of instrumental 
systems (100 pages) gives a detailed 
account of the various parts of a flame 
photometers, commercial and non-com- 
mercial, that have been mentioned in the 
literature. The next part (70 pages) 
discusses the elements that can be de- 
termined, the sensitivity of these de- 
terminations, and the limitations of 
flame photometry both from the in- 
strumental and chemical point of view. 
Parts 5 and 6 (200 pages) are devoted to 
the actual experimental methods and 
specific applications of flame photometry. 
The authors of this book have compiled 
over 900 references in the bibliography. 
These references cover the literature 


BASKETS: Nalgene screen re- RINSERS: Surging water cycle JARS: Nine standard sizes .. 


cessed 34” into base insures every 60 to 70 seconds (size useful for soaking pipets prior eae , ed 
complete Srainage, Metal car D) Sues away all clinging to rinsing, and fo or storing at dane 
rying handle is sealed in poly- particles. ipets. ea 
he _ — The first four parts of the book are quite 


ethylene. 
Ask your dealer for catalog G-358 repetitious and part 5 is rather verbose. 
RINSER for pipets up to 16” | Size D 28.50 i re 
1240 = Sins $ Part 6, on the other hand, gives pro 


for pipets up to 33” long Size F 3e50 cedures for the actual flame photometric 
determination of components in a wile 


BASKET for pipet to 16” | Size D 
1241 fer pipets 24” Size E the variety of materials. This section 's 
for pipets up to 33” long _ Size F . Ine F probably the most complete compilation of 


JARS for pipets up to 16” long Size D : n print. 
1242 for pipets up to 24” long SizeE 17. 

for pipets up to 33” long Size F owever, one exception was noted 
that the method for the determinati:n 
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FOUR-SIZES BU-43 BU-90 Organic Work 
filter paper size mm. 42.5 55 70 90 
approx. cup capacity, ml. 40 75 165 315 


price, single unit $2.10 $2.75 $4.25 $5.75 
each—case quantity 1.75 2.20 3.40 4.60 2 SPEEDS . . . 2 SHAFTS ® 300 or 600 R.P.M. 
quantity in case 12 8 6 4 
Many laboratories and pilot plants report they are 


Cee ee en ae using Waco Stirrers 24 hours a day, 7 days a week 


ask for latest bulletin describing our complete line 


minimum order $10.00 for months at a time. No other stirrer will give as 
much service per dollar of cost as this one. The famous 


BOX 38 FAR HILLS BRANCH DAYTON 19, OHIO duty in laboratories. 

2 speeds—two 14” shafts turn in opposite 
— directions at 300 and 600 R.P.M. at es- 
> Origin poy high torque. Speed is controlled 
metry. y oy pulsing the stirrer on either the 300 or 
antitled . shaft. These shaft speeds cover 
ind re- of applications. 
ae first FOR SIMPLE Built-in cooling fan—allows continuous 
d without over-heating or burning 
tailed STURDY ASSEMBLY ot 

motor—safe for use with 

CENCO® inflammables. 


the 


ages) JC 10235 with tubular brass mounting rod and 6-foot 

A ? RO cord but without chuck or stirring rods, each. . $25.25 

5 


se de- JC 10235-1 Stirrer Chuck, for Waco Stirrer for 
stirring rods $1 

ns of 
a CONVENIENT PADDLE STIRRERS FIT 
ALL TYPES OF FLASKS AND STIRRERS 
s and yy) JC 10236 Stirring Rods, Esnone Blade Type, Stainless Steel, 
metry. eda 14" diameter, 12” long, the rods are easily inserted through 
for all of flask by blade so that it parallels 
raphy. ypes of labora a the sha nce in the fas e bal- 
set-ups. Safe, anced weight eligns the blade horizon- SEE OUR EXHIBIT 
erence dependable, tally. Longer shafts available on re- 10° 
is es- exceptionally rigid. 5 a 5 quest. 

r without dismantling 
ticles. structure. Made of Small Medium _—_Large 

quite tough alloy. Lock in peckage of 12 -20x50mm 20x75mm 20x100mm 
rbose. to rods by flush wi os $265 $2.75 $2.85 
JC 10236-A Above stirring rods in sets of three, 

2 CENCO the most cs eg: line of eanaattie in- one of each size $8.00 
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new edition 
is a welcome one.... 


DISCOVERY the 


by Mary Elvira Weeks 


99 


THE “Discovery OF THE ELEMENTS” began its venerable 
history as a series of articles published in the Journal of 
Chemical Education in 1932. During the next year the 
articles were collected and reprinted in a paper-bound 
edition of less than 400 pages. A fifth edition, published 
in 1945, had increased in size by fifty percent over the 
first. The present edition reflects a similar increase in size 
brought about in part by new material, in part by the use 
of larger type and the rearrangement of illustrative ma- 
terial. The book has long been a definitive one. Its only 
imitator, E. Pilgrim’s Entdeckung der Elemente (Stuttgart, 
1950), offers nothing strikingly new over the fifth edition 
of Weeks. The one subject which could not be adequately 
treated in the last edition of the Discovery of the Elements, 
that of the transuranium elements, has been competently 
handled in the chapter on the elements created by atomic 
bombardment, written by Dr. Leicester, the editor of this 
edition.” 


“The general pattern of the earlier editions has been re- 
tained, with the use of a chronological treatment. By 
grouping elements having a certain relationship which led 
to their being discovered about the same time, the author 
makes it possible to appreciate the importance which 
certain scientific developments had on the discovery of 
such groups. Thus, the story of the discovery of the ele- 
ments, is, in a sense, the story of the growth of chemistry 
itself.” 


“The author has always shown proper respect for such 
matters as documentation, antecedent developments, 
personal relationships, and the influence of ideas. The 
chronology of discoveries at the end of the book is a valu- 
able tool. . . . Biographical information regarding the 
persons involved in the discovery of the elements is 
extensive. The book is one of the few dealing with history 
of chemistry in which it is still possible to learn something 
about the workers involved. Portraits are numerous and 
well chosen.” 


“*. . . the new edition is a welcome one since it brings the 
subject up to date and will keep a useful reference work 
in print for a further period of years.” 
Aaron J. 
ISIS, March 1958 


920 pages $] (postpaid) 


CHEMICAL EDUCATION PUBLISHING CO. 


EASTON, PENNSYLVANIA 


Recent Sooke 


of nitrogen in organic compounds was 
not included in the applications section 
even though it was mentioned briefly 
in part 2. . 

There are remarkably few typographi- 
cal errors in the book. The format is 
good and the organization is easy to 
follow. The most glaring omission seems 
to be in the section devoted to electric:| 
circuits that have been suggested for 
flame photometers. Many of these di:- 
grams have been reproduced without 
sufficient labeling of the component par's 
or legends to make them valuable to the 
reader. 

The book should be useful to anyone 
who is contemplating the establishment 
of a laboratory devoted to flame photo- 
metric methods or to anyone engaged in 
research on the theory and applications of 
this method of analysis. Even though 
the authors make no claim that the 
bibliography is complete, they have tried 
to review practically all of the pertinent 
literature. 


CLARK E. BRICKER 
PRINCETON UNIVERSITY 
Princeton, New JERSEY 


THE DEVELOPMENT OF TITRIMETRIC 
ANALYSIS TILL 1806 


E. Rancke Madsen, Technical University 
of Denmark. G. E. C. Gads Forlag, 
Copenhagen, 1958. 238 pp. 16.5 x 
24cm. Paperbound. D. cr. 20. 


ANALYTICAL chemistry is made up of 
such diverse branches that its history is 
best presented in specialized monographs 
such as the one being reviewed here. 
This text was originally submitted to the 
faculty of the University of Copenhagen 
as a doctoral dissertation and then put 
into English for publication. The trans- 
lator is P. Hardt, also a Dane, a fact that 
is sometimes reflected in the translation. 
The author made a thorough search of 
the literature, both periodicals and books, 
and his bibliography of 337 items is a 
valuable contribution to the history of 
this rather neglected topic. He not only 
digested what he read but in some cases 
tried out the early procedures. A reading 
knowledge of German and French is 
assumed; the text contains many passages 
in these languages. 

It is always difficult to establish the 
date of the beginning of any branch of 
science. Acid-base indicators occur, 
sibly for the first time in the published 
literature, in one of Robert Boyle's 
writings of 1663, and since the establish- 
ment of the endpoint is one of the vital 
features of titrimetry, Madsen uses 
this date as his starting point. Boyle 
used syrup of violets but extracts from 
other flowers, vegetables, berries, and 
woods were soon employed. 

Some had doubts that the change of 
color coincided with the point of sat- 


(Continued on page A361) 
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ur:tion of the acid by the base and vice 
versa. The variance in the change point 
of different indicators was discovered 
quite soon and Joseph Black introduced 
an indicator correction. Some used so- 
lutions of the indicators while others 
preferred indicator papers. The blue 
paper then commonly employed for 
wrapping sugar was found to serve ad- 
mirably in this connection. When car- 
bonates were being assayed it was the 
usual practice to note the cessation of 
the effervescence either by eye or by ear. 
The clearpoint was ordinarily observed 
when precipitates resulted. 

The earliest uses of these quantitative 
procedures were in the examination of 
technical acids and alkalies. Mineral 
waters likewise were studied by such 
procedures. Many technical operators 
preferred to rely on their practical ex- 
perience and judged the strength of 
liquors of various kinds by taste, feel, 
and smell. In a good many instances 
the results were only comparative but 
others were absolute in that standard 
solutions or primary standards were 
applied. The earliest redox reactions 
applied in titrimetry were the chlorine 
(hypochlorite) bleaching of indigo. 

The titrator solutions were added and 
measured in the beginning by drops or 


by teaspoonfuls. Many preferred to 
weigh the solution of the material being 
added before and after the titration. 
The pneumatic chemists had developed 
satisfactory devices for measuring vol- 
umes of gases but there seems to have 
been little or no need to measure small 
volumes of liquid with any degree of 
exactness. The first graduated cylinder 
seems to have been that of Guyton de 
Morveau (1782) which had a paper scale 
pasted to the glass. If, as was usually 
the case, such measuring devices were 
also employed as the reaction vessel, the 
latter became a buret in a sense. The 
transfer pipet was due to Achard (1786). 
The development of the buret, conform- 
ing to the origin of the name, namely a 
flagon, was due to Descreizille (see THIS 
JOURNAL 28, 508-19 (1951)). This in- 
strument carried graduations made with 
a diamond or hydrofluoric acid, and the 
delivery of its contents was controlled by 
an airhole that could be covered by the 
operator’s finger. Here finally was a 
means of making a titration in the modern 
sense and so its date (1806) can be taken 
as the beginning of the modern era of 
titrimetry. 

This book is recommended to those 
who are interested in the history of ana- 
lytical chemistry. 


RALPH E. OESPER 
UnIversity oF CINCINNATI 
Cincinnati, On10 
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TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in all normal lengths and 
diameters. Useful up to 1000° C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transparent, 
free from chemical impurity—the trans- 
parent grade offers the best ultra- 
violet transmission. 


CRUCIBLES RETORTS MUFFLES 
DISHES e TANKS © POTS e TRAYS 


Crucibles made of VITREOSIL guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
trical heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
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DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. . 


9s. ATOMIC STRUCTURE. 
RADIOACTIVITY, continued from July) 


C. RADIOACTIVITY (Continued) 
Radioactivity: intensity and property of rays. 


9-13s (0) Non-radioactive model of isotopic exponential ex- 
change law. Transfer air from vessels A to B by turn- 
ing a communicating stopcock x times, transferring the 
bore gas at each turn: follows radioactive isotopic ex- 
change laws, see article for data, diagrams, mathematical 
analysis. (Kaun, M., 32, 177 (1955).) (p) Separation of 
40-hr. La-140 from 12.8 day Ba-140 parent by chroma- 
tographic elution of resin column. (KruGer, P., and 
CoryYELL, C. D., 32, 280 (1955).) (q) prep. of radioactive 
8-32, no exchange of radioactive sulfur dissolved in SO;~ 
to form S.0;~ but exchange in radioactive tetrathionate + 
thiosulfate. (McCoot, W. S., and Henrz, R. R., 32, 329 
(1955).) (r) Isotopic dilution, C-14 tracer in leaf, solid- 
liquid phase equilibrium of growth of sucrose crystals, dis- 
tribution in benzoic acid in alcohol + petrol ether. (RoBrIn- 
son, R. H., 32, 370 (1955).) (s) Radioactive Ag in AgCl 
precipitates. (Hern, R. E., and McFaruanp, R. H., 33, 
33 (1956).) (t) Radioactive Ca-45 in chicken serum of 
chickens and cockerels. (Hetn, R. E., and Cuisae, R. E., 
33, 320 (1956).) (uw) Radioactive I-131 precipitation as 
Agl. (Buakg, R. F., 33, 354 (1956).) 


D. TRANSMUTATION 


9-14s Atomic models. (a) Uranium fission. Cement 235 glass 
marbles, colored orange to represent neutrons and black to 
represent protons, into two clusters of nearly equal size, 
leaving a few loose orange marbles between the halves. 
Place at the center of aniron ring. Fission is illustrated by 
separating the halves: neutrons are emitted. 

(b) Straight chain reaction. Chain of 13 mousetraps each 
having a marble tethered so that it is thrown upon the next 
trap: slow chain reaction takes 2 seconds to set off 13 traps. 

(c) Branching chain reaction. Same as(b) excepting each 
trap throws corks into the audience and simultaneously 
initiates two other traps. (StaBpauGnu, W. H., 25, 679 
(1948).) 

Cyclotron principle. A revolving disc throws spots of light 
on a spiral slot; see article. (GrasseL, E. E., 20, 460 
(1943).) 

Transmutation. Send 100,000 volts from a static generator 
through a glass tube filled with nearly evacuated H:; pro- 
tons are generated, and strike a LiCl target, producing 
alpha particles; these in turn hit Cr on a target producing 
radioactive Fe. The products affect photographic film, 
blueprint paper, and a Geiger counter; the Fe can be 
detected chemically. (Gounpry, R. A., 24, 456 (1947).) 


E. PLANETARY PHENOMENA 


Flame tests 

°-17s Methods. (a) Broken lamp bulb filaments in place of Pt 
(Terrt, R. T., and Brown, D. J., 3, 111 (1926 from 
Ind. Eng. Chem., 17, 1201 (1925).) (b) Bottle of the salt- 
aq. with stopper carrying at Pt wire. (Oserr, J. 1., 5, 192 
(1928).) (c) All-glass modification of a Gouy atomizer. 
(Empe, H., 6, 980 (1929) abstracted from Chem. Zig., 53, 
1003 (1928).) (d) Another complex device for atomizing 
liquids into the Bunsen flame. (MuILBAUER, J., 9, 161(1932) 
from Chem.-Zig., 55, 323 (1931).) (e) Air blown through 
the solution atomizes it into a microburner. (BrRMINGHAM, 
J. F., Jr., and Woop, W. H., 13, 240 (1936).) (jf) Paper 
soaked in salt solution in place of Pt wire. (Krp.incsr, C. 
C., 18, 297 (1941), see Ind. Eng. Chem., 12, 500(1920).) (g) 
Coil of nichrome wire mounted on a glass rod extending 


into 1'/.” depth of 1M salt-aq. + short-fiber asbestos in a 
bottle: the soaked fibers are caught in the coil by swirling 
the bottle and when held in Meker burner flame color it 
entirely. (ANDERSON, H., and Corwin, J. F., 24, 443 
(1947).) 

Test tube procedures. (a) Heat a Pyrer-brand test tube 
3/, full of water to dry the outside wall; dip into a beaker of 
unknown-aq. and reheat. Repeat, moistening residue with 
HCl-aq. Colors obtained for qualitative analysis groups 
follow. (1) Pb: light red, yellowish blue, spurting flame 
which dies quickly, residue white. Ag: light-grey residue. 
(2) Cu: green-blue flame, green residue. Bi: enduring 
light-green flame, not spurting like Ba. Sb:  steel-grey- 
green in upper flame. Sn: brilliant persistent sky-blue 
flame, thin white residue. (3) Ni: slight green flame, green 
residue. Mn: faint green flame, brown-black residue. 
Al: white residue. Cr: yellow-red flame, volcanic spurt- 
ing yellow residue. Zn: white residue. (4) Ba: large 
grey-green flame, residue white. Sr: large red-yellow 
flame, white residue. Ca: brick-red flame. (5) K: violet 
flame, white powder. Na: yellow flame, white powder. 

(b) Test tube tests superior to Pt wire, the latter not giv- 
ing tests with 0.01 mg./liter for Pb, Ag, Sn, Ni, Al, and Zn. 

(c) Tin gives sky-blue flame with HCl, green with HBr, 
red-violet with H,SO,, green with HNO, and blue with 
halogens. 

(d) Mixtures of cations. (1) Pb by flame, Ag by residue. 
(2) Cu, Sb, Sn can be detected in mixture. (3) Ni green 
flame, Cr by voleanoes, other tests for A.,Zn. (4) Sronly in 
mixture of Ba, Sr, Ca. (5) K, Na separated by blue glass. 
(Cuark, A. R., 12, 242 (1935).) 

(e) A test tube clamped at an angle over a Bunsen Burner 

flame evaporated the unknown-aq. at the same rate it is 
dripped upon the tube from a micro-buret; flame observed 
by spectroscope. Groups IA, ITA give all lines; Pb, Mn 
and Cu broad bands. (Cuark, A. R., 13, 383 (1936) and 
15, 39 (1938).) 
Special flame tests. (a) Sodium. Rock salt in center of 
the screen of a lighted Meker burner. (Devries, T., 13, 
382 (1936).) (b) Potassium. K:CO; more persistent flame 
than KCl. (Wuirs, C. E., 21, 501 (1944).) Safety fuses. 
Central Safety Signal Co., Peru, Indiana manufacture red 
(Sr), green (Ba), and yellow (Na), which can be cut into 1” 
sections, placed in sandbath and ignited with burner. 
(WENDLANDT, W. W., 32, 9 (1955).) 


9-20s Glass filters for flame tests. (a) K spectra violet at 4044 


and 4047, red at 7665 and 7799A. Only red can be used in 
distinguishing K from Na. Corning Glass No. 5120 not 
suitable. Use blue glass with G.Z. H-4 mercury line; 
many cobalt-blue glasses found unsatisfactory. (WHITE, 
C. E., 21, 501 (1944).) 

(b) Didymium No. 512 Corning Glass, 5 cm. sq., over 4 
mm. thick is superior to cobalt-blue glass for eliminating 
the sodium flame. (Hann, R. B., 27, 597 (1950).) 

(c) Quantitative test for Na-solutions by comparing ex- 
tinction angles with two Polaroids, NaCl-aq. standards, 
and spectrophotometer; see article. (Kipiincer, C. C., 
28, 641 (1951).) 

(d) Lacquer filters. (1) Lacquer base: 200 ml. acetone + 30 
g. 5-6 second nitrocellulose + 60 ml. cellosolve + 200 ml. 
methyl amyl acetate. (2) Ba filter: 45 ml. lacquer base + 
a wal. dye solution (140 ml. DuPont Lorol Green BL in 5 ml. 

% ethanol) + 210 mg. Calco Acetate Green 2B. (3) K filter: 
po ‘mal. lacquer base + 460 mg. Calcozine Pure Blue BO. 
(4) Sr filter: 50 ml. lacquer base + 70 ml. DuPont 
Cellanthrene Brilliant Blue + 20 mg. Calcozine Green V + 
75 mg. Calco Acetate Red + 50 mg. Calcozine Violet + 115 
mg. Calco Diazo Black. Paint inch squares on glass plates 
and dry. For alkali metal flame tests: precipitate Ba and 
Sr from K and Na with (NH,)CO;; dissolve in HCl; apply 
Pt-wire flame test, observing through red-transmitting Sr- 
filter, then green-transmitting Ba-filter; observe Na-K 
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with naked eye for Na, then through red-blue transmitting 
K-filter. (Brown, J. A., 30, 363 (1953).) 

Gas discharge 

9-21s Geissler tube. A mercury-air Geissler tube can be made 
without the aid of a high vacuum pump as follows. Seal 
Pt electrodes in the tube; fill with Hg and invert in Hg: a 
Torricelli vacuum results; seal tube off above the Hg. 
(Aversacu, L., and H., 11, 577 (1934).) 
Ionization potentials. Use mercury rectifiers, thyrotrons 
in demonstrating ionization potentials; see articles. 
(Marton, A. P., 26, 372 (1949); also, ScupreEr, G. A., 27, 
331 (1950).) 
Arc spectra 

(a) Projection spectroscope. Salts ina carbon arc, slits ana 
lenses on a 6-ft. optical bench, glass-liquid prism: throws 
spectrum on a ground-glass screen. (LA FontTarnge, R. G., 
14, 45 (1937) from Rept. New Engl. Assoc. Chem. Teachers, 
38, 5 (1936).) 

(6) Bottom third of long-stemmed funnel curved upwards 
and flared at lower end to form a reservoir for holding 
unknown-HCl solution. Strike spark between Pt wire 
(negative pole) suspended above the liquid in the reservoir; 
the positive pole is a wire sticking into the funnel. Wash 
out old solution by running acidulated water into the 
funnel; the water spurts up and rinses the Pt wire. Mn, 
Ba, Ca, K, Na and Zn can be determined in the presence of 
each other; acidulated boron compounds give a good spec- 
trum. (CHANDLER, E. E., 15, 544 (1938).) 

(c) Spectroscope removed, image of spark used instead, as 
produced by a 250 ml. Florence flask of water acting as a 
condensing lens. (KipLinasr, C. C., 20, 234 (1943).) 

(d) A Todd Spectranal described, a Bunsen-type spectro- 
scope sparking solutions in a partially submerged electrode 
for analyzing 24 cations. (McDurris, B., 30, 454 (1953).) 

(e) Bisulfide spectroscope. Details for making a prism 
containing CS, for use in a hand spectroscope to view 
sodium lines and Frauenhoffer lines. (Jamus, H., 7, 666 
(1930).) 

Photo-emission 
9-24s Flashlight attached to the audio-output of a radio shines 
on a photocell which is connected to an amplifier; pass 


opaque object through the beam: causes a variation in 
sound. (Casimir, Sister M., 32, 69 (1955).) 


10s. GROUP ZERO (INERT 
GASES) AND THE 
ATMOSPHERE 


A. ATMOSPHERIC PRESSURE 


B. SUBSTANCES PRESENT IN AIR 


10-ls Oxygen. See 10-4. 

(a) With pyrogallol. An inverted test tube is connected 
via 6mm. glass and rubber tubing to a levelling bulb: Pour 
in 30 ml. alkaline pyrogallol, level it in tube and bulb, raise 
it so it enters the tube: in 10 minutes all oxygen has been 
absorbed; read new volume. (Munro, L. A., 5, 741 
(1928). ) 

(b) With Hz. Explode a measured volume of Hz: + air 
with a spark in eudiometer tube inverted over water: 
measure volume change. (Cooks, G. B., 6, 105 (1929).) 

(c) Without confining liquid. A 100 ml. graduate, open at 
both ends, has a blue-glass plunger. See Z. phys. chem. 
Unterricht 49, 247 (1936) for diagram and use for analysis of 
air, CO, in exhaled air, HC] + NH;, and He+ Cle. (Doxrr- 
MER, L., 14, 195 (1937) from Z. phys. chem. Unterricht, 49, 
247 (1936).) 


10-2s 
10-3s 


(d) Cu in ammoniacal NH,Cl-ag. Place Cu-foil in sat. 
NH,Cl ctg. 14% free NH;. This solution absorbs O, 
rapidly, forming CuO which dissolves in the ammoniacal 
solution. See article for photograph of Hempel pipet, buret, 
data. (Lincoun, A. T., and Kuve, H. P., 12, 375 (1935.)) 

(e) With white P. (CARE.) Burn small pieces of white 
P in a stoppered tube; cool under the water tap, immerse in 
a jar of water, unstopper: the water rises 1/sth up. 
(Wotr, M. G., 33, 148 (1956). Anya: prefer 10-4c to 
avoid risk of white P on hand. 

Carbon dioxide. See 10-1s (c). 

Polution. See Z. phys. chem. Unterricht, 47, 54 (1934) for 
demonstrations on density of war gases, destruction of sus- 
pended particles, etc. (Scuarr, R., 11, 482 (1934) from Z. 
phys. chem. Unterricht, 47, 57 (1934).) 


C. LIQUID AIR 


10-5s 


WARNING! ATTENTION! CARE! Since the warning 
appeared in the Tested Demonstration series preceding 
demonstration 10-19 another accident has occurred with 
aluminum + liquid air, this time at Indiana University. 
AVOID BURNING ALUMINUM WITH LIQUID AIR. 
Formation. (a) Using a water pump, evacuate liquid oxy- 
gen rapidly from a test tube inside of a larger one: air 
liquifies in the outer tube. (Keeremr, J., 8, 979 (1931) 
from Physik. Z. 31, 742 (1930).) 

(b) Inside a transparent Dewar flask (double-walled vac- 
uum tube) place a Pyrex-brand glass spiral condenser carry- 
ing at its upper end a rubber atomizer bulb with soda-lime 
and NaOH-pellet tubes to remove CO, and H.0. Slowly 
fill the Dewar flask with liquid N2; pump in air by squeez- 
ing the rubber bulb: as pressure builds up, liquid air forms 
in the condenser. Diagram in article. (Morais, 8., and 
Heap eg, A. J. W., 18, 79 (1941).) 

General experiments. Fifteen experiments with liquid air, 
no details in abstract. (Ippuius, H. A., 11, 189 (1934), 
from New Engl. Assoc. Chem. Teachers, 35, 21 (1933).) 


Change of Properties at Low Temperatures 
10-6s Conductivity. Connect a coil of fine Cu wire (15 ohms 


resistance) to two flashlight batteries and bulb: the bulb 
glows faintly. Now immerse the coil in liquid air: the bulb 
glows brightly. (Capy, H. P., 8, 1027 (1931).) 
Magnetism. 

(a) Swing a tube of liquid oxygen past a powerful magnet, 
closing the switch each time the tube approaches the poles, 
so as to build up a perceptible swing towards the magnet. 
(Capy, H. P., 8, 1027 (1931).) 

(b) Hang a 5-cent piece (a nickel) on a wire to which a 
straw pointer is attached between the poles of a very 
powerful magnet: the coin is more permeable than air, and 
so turns parallel to the magnetic lines of force. Now sur- 
round the coin with a tube of liquid oxygen inside of a tube 
of liquid air (to keep it from boiling): the O2 is more mag- 
netic, so the coin turns 90 degrees. (Capy, H. P., 8, 1027 
(1931).) 


Nitrogen evaporates first, leaving oxygen. 


10-8s 


ATTENTION! EXTREMELY DANGEROUS. The ex- 
periment described by Capy, H. P.. (8, 1027 (1931)) of 
burning aluminum powder in liquid oxygen is extremely 
dangerous AND SHOULD NEVER BE PERFORMED. 
The author of this series gave warning of this in his Tested 
Demonstration series, Topic 10, just previous to 10-19. 
Since then other victims of this experiment have been 
added, at Indiana University. Apparently the mass 
detonates when heat builds up in the aluminum; possibly 
the detonation is aided by the stearates or oils which may 
be on the aluminum dust. 

Straighten out a watch spring, heat to remove its temper, 
dip the end in molten sulfur. - (WEAR GOGGLES; BITS 
OF LIQUID IRON MAY FUSE INTO YOUR GLASSES.) 
Ignite the sulfur, and feed the burning spring into liquid air 
from which the nitrogen has partly evaporated: dazzling 
sparks occur. (Capy, H. P., 8, 1027 (1931).) 


(Topic 11s. will begin in September issue) 
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CHEM ED BUYERS’ GUIDE 


Manufacturers, suppliers, and distributors of 
chemical laboratory equipment and material, 
faced with the problem of promoting one or 
more products which do not lend themselves 
to inclusion in the company's principal ad- 
vertisements, or which do not justify the use 
of more advertising space, find these small 
units offer just the right size and place for 
publicizing that extra or special item. Here 
is YOUR ideal opportunity to sell that “mar- 
ginal” or miscellaneous article or that new 
gadget! 


NOW OVER 5/00 
CHEMICALS 


Trimethy] Borate 

* Triphenyl Borate 

* Triphenylboron 

* Triphenylethylene 
* Triphenylformazan 
Triphenylfulgide 

Trisilane 

Tritolylamine 

* Tropine 

* Tumenol 

Tyrosylglycylglycine 
* Umbelliferone 

p-Urazine 

* Urea Stilbamine 

* Urobilinogen 

* Uvitonic Acid 

* Veratric Acid 

* Veratroyl Chloride 
N-Vinylphthalimide 
* Xanthene (Dibenzopyrane) 
* p-Xenylamine 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


rues, 


17 West 60th St. New York 23, N.Y 
Ploza 7-817] 


‘(APRONS 


laboratory 


COATS 


Standard for Over Forty Years 


- SIX QUALITIES in FOUR SIZES 


GROUP PRICES-BONUS APRONS 
well made - strong tapes- the six 
different qualities with a wide 
price range are designed to fit 
your needs for good aprons at 
the price you want to pay. 


SEND FOR CIRCULAR 
NO, 15 


ij 


For Information-Material | 
; Samples and Prices on | 
LABORATORY APRONS 

and COATS 3 | 


LAB COATS: Distinctive 
style- cop quality materials. 
Made especially for lab use. 
i Choice of five colors. 
NONE BETTER - Worn by 
thousands. Sent you prepaid 
and your satisfaction guar- 
anteed. Light weight - cool 
+ durable and comfortable. 


15 East McWilliams Street | 
FOND DU LAC, WISCONSIN | 


The 
Chemical 


Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of cuiture.’’—Cienr- 
cia e Investigacién. Buenos 
Aires 


(Outside U.S.A. $6.50) $6.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Standard Model No. 3 
WILEY 


LABORATORY 


MILL 


¢ on Portable Stand 
and with Spillage Tray 


For preparation, with minimal loss of moisture 
from heating, of a wide variety of materials for 
analysis. Principal advantages of new model: 
harder cutting edges permitting wider range of 
materials including Teflon, polyethylene resins, 
titanium scrap, etc.; quieter operation; and 
baked gray enamel and chromium plated 
finish, ete. 


As in earlier model, four hardened steel knives 
on revolving shaft work with shearing action 
against six knives bolted into frame. Shearing 
action of cutting edges, between which there is 
always clearance, minimizes loss of moisture, 
avoids temperature rise, liquefaction, contam- 
ination, etc., making this mill satisfactory for 
many materials which cannot be reduced by 
other mechanical means. Ground material must 
pass through a sieve dovetailed into frame 
above receiver. 


Furnished with cast aluminum drawer, 28 oz. 
capacity, for collecting sample. 


4275-R3 with 4275-F6 and 4275-Z. 
Price, complete as shown... .$1,019.40 


4275-R3. Wiley Laboratory Mill, Standard Model 
No. 3, motor driven, mounted on enclosed base, with 
drawer of cast aluminum. With 2 h.p. continuous duty 
motor, 1725 r.p.m.; starting switch with thermal overload 
cutout; V-belt, belt guard; three sieves with openings of 
Y2 mm, 1 mm and 2 mm diameter. For 115 volts, 60 cycles, 
single phase, a.c. Without Stand or Tray 


4275-F6. Spillage Tray Attachment, for use with above, 
consisting of bracket and Stainless steel tray 


4275-Z. Portable Stand, 10 inches high, for mounting 
above Mills. Consisting of rubber insulated platform 23 % 
inches square, mounted on ball-bearing, swivel casters with 
foot-operated wheel brakes 


Copy of Bulletin 129 sent upon request. 


A.H.T.CO. 


PHILA USA 


LABORATORY APPARATUS 


More and more laboratories rely on Thomas 


ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD ° PHILADELPHIA 5S, PA. 
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PORTABLE LABORATORY 
HIGH-VACUUM PUMP 


FREE AiR DISPLACEMENT 50 LITERS PER MINUTE 
GUARANTEED ABSOLUTE PRESSURE 0.1 MICRON 


Noise is eliminated by insulation and rubber mounting, 
and with vertical design, the conventional belt and 
pulley have been eliminated. These features, unique to 
LAB-ASCO-VAC, permit a carrying handle for easy 
portability. 


In addition to the economical purchase price, the LAB- 
ASCO-VAC pump requires a much smaller volume of oil, 
with maintenance and cleaning operations simplified for 
the user. The vertical design employed in the LAB- 
ASCO-VAC has made the pump leak-proof, and with the 
visible oil level cup, oil spillage by the user is confined 
to a minimum. 


In filling the pump, oil is not introduced at the point of 
discharge, thereby eliminating the need for pump discon- 
nect for this operation. 


The LAB-ASCO-VAC 10 mechanical pump is designed 
to run cooler. A unique capillary gas ballast cleaner 
provides efficient operation for longer periods. 


Cat. No. JC-84424 SPECIFICATIONS 


Guaranteed Absolute 
LAB-ASCO-VAC, 10 D, TWO-STAGE, Pressure 0.1 Micron 
Pumping (displacement) 
HIGH VACUUM MECHANICAL Speed 50 liters /min. 
PUMP, complete with 110/220 volt Operating Speed............. 1140 rpm 
: Oil Charge Required 1 pint 
motor, mounted on rubber cushioned Height... .. 20 inches 


cast base, electrical cord, switch and Diameter 12 inches 


plug, 1 quart of LAB-ASCO-VAC pump 


oil and operating bulletin. 


LABORATORY 
APPARATUS 


808 BROADWAY | REAGENTS 


NEW YORK 3,N. 
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MAJOR FUNCTIONS 


Forty years ago, glass blowing (the “plus” in 
our headline) was our only specialty. And 
it’s still a big part of our business. But it is 
merely one of eight major functions—all 


equally important. 


“Tk SAMPLE INJECTION 


Today we are considered one of the major 
laboratory supply firms in America. We serve 
as authorized distributors for many leading 
manufacturers, maintaining an adequate stock 
of all the items required by the activities of 
any laboratory. In short, we are truly “one 


source of supply for all laboratory needs.” 


Standard and custom-made glassware? Of 
course! But whether you're in the market for 
an electronic instrument costing thousands of 
dollars . . . or a cork at a fraction of a cent, 


we can meet your requirement! 


Why not send us your inquiries? 


SCIENTIFIC GLASS co. 


. LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 
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TIME 21 MIN, 


TRACE li 
Separation of Polyenoic Cis Methyl! Esters 
SAMPLE — 20 micrograms each of methy! 


oleate, linoleate and linolenate dissolved 
in one microliter of methy! coprocte, 


CONDITIONS — Some as Trace I. 


REMARKS — Such separations are being rov- 
tinely carried out on 0.5 mi plasma or 
trace fat samples from various other bio- 
logical tissues. : 


Coo, Cas ond Cos saturated ond unsotur 
methyl esters ore easily analyzed 
using the Aerograph. 


TIME 33MIN, 


ONE MICROLITER 


SJR SAMPLE INJECTION 

4 

— 
oo 


C16 


TRACE | Just one microliter of mixed methyl esters produced this GLPC chart in 
22 minutes. The one microliter sample measured with the micro syringe was so great 
that the C,. peak had to be attenuated 32 times to keep it on the chart. 


TRACE If One microliter of solution was injected and contained only 20 micrograms 


each of the three completely resolved polyenoic methyl esters. 


The instrument used was the low cost Aerograph Model A-110-C which chemists find 
gives superlative analysis on gasses, liquids and solids. The wide temperature opera- 
tion, (to 310°C.), exceptional base line stability, and super sensitivity makes the 


Aerograph outstanding in the GLPC field. 


AEROGRAPH 
MODEL A-110-C $1715.00 


SEND FOR YOUR FREE 24-PAGE “NOTEBOOK” 
STYLE CATALOG ON GAS CHROMATOGRAPHY 
@ ACCESSORIES 
@ 6-WAY GAS SAMPLING VALVE 
@ BATTERY SUBSTITUTE 
@ MICRO SYRINGES 
@ COLUMN PACKING MATERIALS 
@ OTHER AEROGRAPH MODELS 
WRITE FOR ANALYTICAL SERVICE 


WILKENS 


INSTRUMENT AND RESEARCH, INC. 
P.O. BOX 313 WALNUT CREEK, CALIF. 


| HAVE NOT AS YET RECEIVED MY FREE COPY OF YOUR 
AEROGRAPH GAS-CHROMATOGRAPHY NOTEBOOK. 


= TRACE 
a Analysis of Commercial Methy! Laurate 
4 ‘Semple .......Commercial methy! fourate 
= Column 446 10 feet 
Recorder ..............-.1 MV. full spon 
= Filament Current MA. 
Sample Size ................1 microliter 
Peck No. Area Percent 
4x G 2 09 
Cis 1760 76.60 1X 
8 Cu 389| 16.90 
X Cie 51 2.25 
ile 
—--25 
3 
Cc 
| 
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movies 


h e | p The Du Pont film library is at your dis- 


posal to help answer some of your stu- 
dents’ questions about Du Pont and 
about employment in industry. These 
a ns wer films, many of them in full color, are 
timely, interesting and widely used by 
schools and colleges throughout the 
nation for educational as well as career 


ou [guidance purposes. 


“The Story of Research,” for ex- 
ample, describes three basic types of 
u d. n chemical research, the purposes of each, 
and the techniques employed. “Me- 
chanical Engineering at Du Pont” illus- 
trates the many opportunities for me- 
que Ss tio n Ss chanical engineers in Du Pont plants 
and laboratories. “It Never Rains Oil” 
explains the problems and business 
risks involved in oil well drilling. 


There are many other films available 
for your use on such subjects as agri- 
cultural chemicals, dyes, finishes, fibers 
and rubber chemicals. All of these 
movies are yours for the asking, in 
16 mm or 35 mm. For a specific motion 
picture—or a complete film catalog— 
write to Room 2494-A Nemours Build- 
ing, E. I. du Pont de Nemours & Co. 
(Inc.), Wilmington 98, Delaware. 


WATCH THE 
DU PONT “SHOW OF THE MONTH” 
ON TELEVISION 


REG us pat OFF 
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FPREE = for your chemistry 


HART FILTRATION 

FILTRATION CHA! 
for use in Chemical Analysis 


VALUES 


Carl 


HIGH Qu 


How many times have you wanted to know quickly the - 
retention values of various analytical filter papers? 1 
As a service to teachers of analytical chemistry, Schleicher 6 Carl Schleicher & Schuell Co. 
& Schuell would like you to have one of these valuable, g 50 JC-98, Keene, New Hampshire 
easy-to-read wall-size filtration charts. fi Please send my FREE Classroom-Size 
This chart shows the relative retention values of S&S Ana- Filtration Chart. 
lytical Filter Papers and other leading brands, and is a ‘ 
practical tool for selecting the proper grade of filter paper. - ' 
The wide selection of S&S Filter Papers combined with i —F 
complete standardization of physical characteristics, have ’ 
ae gained S&S their reputation for consistent accuracy. ‘ (School, College or University) 
Send for your free Filtration Chart now—for use this 
semester. Tape, or tack it on your classroom wall. For in- & we 
formation about this same chart in notebook-size for stu- ee apna ee, 
dents, place a check mark on the coupon, but mail it today! g [J Also send information about notebook-size charts 
a 


HIGH QUALITY ANALYTICAL FILTER PAPERS 
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| 
ASH-FREE PAPERS ASH-LOW PAPERS a N 
| QUANTITATIVE QUALITATIVE 
ULTRA FILTERS DISPERSIONS ULTRA FILTERS 
(See Buitete 75) (See Basietin 75) 
907 | SLAST TRACES OF TURBIDITY 576 
590 602-402 
589 Blue Ribbon cal 
Halides 
bY GELATINOUS PRECIPITATES 
Farric, Aluminem, sad other : 
Schleicher & Schuell Co. tre. 
DUCATION 
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High speed photography ‘'stops‘’ this test tube breaking over Bunsen 
Burner. Stop your test tube breakage by insisting on PYREX brand. 


Is broken glass like this 


slashing holes in your budget? 


There’s a simple way to make test 
tubes last right into next year’s crop of 
students. 

First, make sure they’re borosilicate 
glass so they can take hot and cold 
shock. 

Second, make sure they have the 
PyReEX trademark. Then you get the 
extra advantages of uniform wall thick- 
ness, fire polished rims without rough 


PYREX 


F 


spots, carefully annealed walls free of 
stress ... all the plusses that come with 
over 40 years of experience in making 
labware that stands up to student abuse. 
Less chance of student injury from bro- 
ken glass; replacement costs are lower. 

The same economy and safety are 
yours in every piece of PyREXx brand 
labware. And, by specifying all your 
needs in “PYREX,” you get purchase- 


PYREX’* laboratory ware 


savings, too, because all standard 
packages can be combined for quan- 
tity discounts. 

Check your Pyrex labware cata- 
log for sizes and prices. If you don't 
have a copy, may we send one to you’ 


CORNING GLASS WORKS 
yw 76-9 Crystal Street, Corning, N.Y. 


meant research ix Flas 


. . . the tested tool of modern research 
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expanded 12th 
Edition of the 
Emil Greiner 
catalog contains 
complete 


information on 
The World’s 
Largest 
Selection 

Of Laboratory 
Equipment and 
Apparatus 


% 


¥ 


3 


g over Bunsen 
PYREX brand. 


e NEW SECTIONS on Chromatography and Nuclear 
Radiation 

e EXPANDED SECTIONS on centrifuges, electrical test- 
ing equipment, clinical testing, petroleum test equipment, 


standard distillation equipment, polyethylene ware, many more. 
for quan- e COMPLETELY INDEXED, conveniently grouped 
alphabetically. 
you don't | The Emil Greiner Co., Dept. 222 
1e to you? t 20-26 N. Moore Street, New York 13, N. Y. ' 
! Gentlemen: Please send me a free copy of your expanded cata- ; 
; WORKS ' log (12th Edition) : 
ning, N.Y. 
The FMIL f INVER Cd. FIRM NAME. 
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DRIVING A MODERN AUTOMOBILE 
ous BUT. HOW ABOUT YOUR STUDENT BALANCES? 


Are you wasting your own precious time and 
that of your students by having them weigh 


on completely obsolete equipment? 


Thousands of modern high-speed substitution 
balances made by METTLER are in use today in 


research and industrial laboratories. 


The new METTLER multi-purpose balance, type 


H-5, gives you the opportunity to let the students 
learn on the tool they will use later on. Fewer 


units of the compact H-5 balance will do the work 


TYPE 
for you, for two good reasons. It takes very little _ H-5 


time to learn how to weigh properly on this bal- myBALANCE 


ance and the weighing time itself is cut drastically. 


Write to us today for full informa- 
tion on the new H-5 balance. Bet- 
ter yet, ask us to arrange for dem- 
onstration and trial of this balance. 


Le THIS IS NO WAY TO LEARN 

| 

INSTRUMENT CORPORATION 
HIGHTSTOWN, 
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What careers are available at Allied Chemical 2 


Perhaps you’ve been asked, “Where would I fit into the 
Allied picture?” The answer could be: At one of twelve 
research laboratories, more than a hundred plants, or 
many sales offices throughout the country. Or, “What 
products would I work on?” There are more than three 
thousand in all—chemicals, plastics, fibers . . . and new 
ones coming along every year. 


At Allied, there are careers for chemists, chemistry 
majors, engineers (chemical, mechanical, electrical). 
Facts about these careers are in a new book, “Allied 
Chemical and Your Future.” Why not write for a copy? 
You'll find it really helpful in answering student inquiries. 
Just write to us at: 

Allied Chemical, Dept.98-BR,61 Broadway, New York 6, N.Y. 
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* Lifetime equipment made of heavy 
type 316 Stainless Steel 


* Heli-arc welded, strong, clean, 
will not crack or corrode. 


¢ ROUND TANKS | 


The Daigger round tanks are the 

finest in construction and finish and 

the easiest to keep clean. 

The lip of each tank is double formed ‘ be paralegal 
accurate gauging of j eliminates dripping. Avail- 
able with rubber hose 


Available with rubber hose drain or drain or with stainless 


with stainless steel sanitary faucet. steel faucet. Complete 
: with cover. 


ROUND TANKS 
With Faucet With Drain 
No. Price No. | Price 


110 | 125.00 H110 5.00 es | With Faucet 


5 | 115 | 140.00 H115 110.00 ‘ : Size 


1 
1 

_No. | Price 
20 | 120 | 160.00 H120 130.00 10230214" med 


= No. 
| 25 125 175.00 H125 145.00 12x 12x 17%" | 70.00 | 


ES 17x17 x 22” H25_| 120.00 | F85 | 150.00 


50 150 | 297.00 H150 | 266.00 sie ea 
* Stainless steel stands also available. 5 Portable mixer electric 76.00 


@ GRADUATED MEASURE | © PAILS 


For Mixing, Storing or Transferring 
Corrosive Liquids 


Legibly graduated on inside 
in both ounces and cubic — 7 
i 4 y op 
centimeters. | on 
*1000 8 8” 
1012 13 11%” 
1016 | 16 | 11%" 
1020 | 20 12%” 
* Straight sided. 


RECTANGULAR 
PANS 


Built to last a lifetime. Never any problem 
of warping or breaking, they're gleaming and 
easy to clean. 


Size | Convenient Sizes 


12 x 16” 27.50 
16x19” 29.60 
16 x19” 35.50 
18 x 22” 43.50 
24x30” | 68.50 
22x26" 39.50 
22 x 26” 51.20 
24 x 30” 52.50 
24 x 30” 68.50 
32 x 42” 85.70 


32 x 42” 108.00 
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LABORATORY WARE | 
‘ 
| Size | | Stand* | Cover | 
| Gals. | Price | Price | 
4 Depth Each q 
__9¥2"_|_ 13-10. 
__ 9%", | _19.00_ 
41 
~ 
Come in 7 
| 
8000 
3007 |" 3” | 3-20 | | S004) 6%" | 9.50 
8009 9002 | 13 5” 4.20 —| 
8010 9003 | 22 6” | 4.50 9006; | :12.00 | 
ete ae A We can supply special sizes and designs to order. 
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WHATMAN 
FILTER PAPERS 


A full range for all laboratory filtrations 


Retention 


For qualitative work or for the most exacting quanti- 
tative determinations there is a Whatman filter paper 
to do the job. We have shown this in the table below 
listing the approximate micron retentions of the stand- 
ard Whatman grades. The figures are based on the 
retention of perfectly spherical particles, a condition 
rarely encountered by the analyst, so the table is 
intended only as a handy reference to relative perform- 
ances of the various grades. In subsequent ads we will 
publish similar tables showing other properties of these 
same grades. At the conclusion of the series a single 
chart containing all the reference data on Whatman 
filter papers will be available—suitable for permanent 
display in the laboratory or classroom. 


MEDIUM 


Approximate 
micron retentions 


Qualitative 


Single acid washed 


Single acid washed 
Hardened 


Double acid washed 


Double acid washed 
Hardened 


The above chart is available as an 81/2 x 11 sheet. 

This and samples of any of the Whatman grades 

listed above are yours by writing: 

reeve angel 

Dep't CE, H. Reeve Angel & Co., Inc., 52 Duane Street, New York 7, N. Y. 
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heavy 
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tanks 
tank 
Avail- 
hose 
ainless 
nplete 
Faucet 
Price 
80.00 
100.00 
150.00 
76.00 
SLOW FAST 
‘FAST 
1.0 2.0 | 3.0 4.0 5.0 
‘| 10.50 | an 
» 
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KIMAX FILTERING FLASK 
No. 27060 


Designed for maximum 
strength and efficient opera- 
tion, Necks are tooled for uni- 
form stopper fit. Sturdy side 
hose connection. Highly re- 
sistant to thermal and mechani- 
cal shock. Available in 6 sizes. 


Bowl angles permit fast, effi- 
cient filtration, Fire-polished 
tips and reinforcing beads on 
rims resist chipping. A size for 
each diameter of filter paper. 


KIMAX BURET 
No. 17027 


Class A. Precise cali- 
bration and individual 
retesting assure accu- 
racy. Scales have du- 
rable markings. Tip 
Openings cre carefully 
gauged for correct de- 
livery speeds and are 
specially ground to 
resist chipping. Avail- 
able in 4 sizes. 
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chemical attack means little to KIMAX° 


Boiling acids other than hydrofluoric . . . corrosive 
alkalies . .. Kimax “hard glass” combats bite and all, 
while ordinary glassware rapidly clouds up. 


But remarkable resistance to chemical attack is only 
one part of the Kimble Story. For in this new line, Kimble 
has incorporated all the qualities . . . accuracy, uniformity 
and good design . . . that have established Kimble’s 
unequalled reputation. And now with Kimax, Kimble 


No. 14000 | 3 extends these characteristics to the medium of hard glass. 
Kimble now provides the most complete line of 
glass to withstand extreme 3 


thermal shock, laboratory glassware . . . this may be your best opportunity 
Keovy wolls provide extra é for quantity discounts. Call your dealer today. 


strength to resist mechanical 
hat Kimble Glass Company is a subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE O WENS -ILLIN OIS 


AN @ PRODUCT GENERAL OFFICES - TOLEDO 1, OHIO 
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FUSED QUARTZ 


MEETS YOUR | 
CRITICAL 
REQUIREMENTS 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 
THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


4 Please send technical data on 


Name & Title. 
Street 
| City 


A386 


New, high purity ne 


for Spectrophotometric and Chromatographic Techniques 


Typical Analysis 


11,5-12.5 C 
0.0001% 
0.0001% 
0.0001% 
0.0001% 
0.000% 


Freezing point range 
Acetals 
Acidity (as acetic) 
Aldehydes 
Peroxides 
Water 


Ultraviolet Absorption 
Point (mu) 


220 


Our new grade of p-Dioxane (SG 2347) is one of the most versatile solvents 
in the laboratory, combining the properties of water and alcohol. MC&B 
has now developed the product in a new high state of purity. It is suitable 
for the most exacting spectrophotometric and chromatographic studies. 
Dioxane, and a complete line of Spectroquality Reagents are available from 
your MC&B distributor, or write direct. 


Matheson Coleman & Bell 


Division of The Matheson Company, Inc. 
Norwood (Cincinnati), Ohio; East. Rutherford, New Jersey 


CB 


NALGON FLEXIBLE PLASTIC 


TUBING 


PROPERTIES: lasting flexibility . . 
water-clear transparency . . “excellent dimensional stability 
high chemical resistance. 


DATA: 40 different sizes from 4” ID 
to 2” ID. Economical ... the 4” ID costs 
less than 15¢ per foot. 
All Nalgon tubing bears the brand name 
for your protection. 
“dealer for 
catalog 
G-358 


propucr 


PER C. FT. $6.30 $14.30 $23.10 $63.00 $81.00 
WORLD'S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 
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ELECTROLYSIS OF ZINC IODIDE 


Submitted by: Philip Kasimer, Quinnipiac College, Hamden, Connecticut 
Checked by: Edward Stry, Bay City Junior College, Bay City, Michigan 


PREPARATION 


Provide three U tubes equipped with carbon elec- 
trodes (the carbon electrodes from a size D flashlight 
cell work well) and fill with 0.5 M solutions respectively 
of ZnI2, ZnSO,, KI. 


DEMONSTRATION 


Electrolyze each solution with a 12-20 volt d.c. 
Show deposition of zinc or hydrogen at the cathode and 
jodine or oxygen at anode. 


SILVER ACETYLIDES 


Submitted by: F. H. Sands, North Dakota State Col- 
lege, Fargo 

Checked by: V. Genevieve Williams, Hinds Junior Col- 
lege, Raymond, Mississippi 


PREPARATION 


Place a few crystals of calcium carbide in a test tube 
closed with a two hole stopper carrying a delivery tube 
and medicine dropper filled with water as shown in the 
diagram. The delivery tube leads into a wash bottle 
containing a solution of mercury(II) chloride and 
dilute hydrochloric acid. From this bottle a second de- 
livery tube passes the gas through a silver diamine com- 
plex solution. The silver diamine solution may be pre- 
pared by treating 30 ml. of 0.1 47 AgNO; with 10 ml. of 
concentrated ammonia solution. 


DEMONSTRATION 


A few drops of water on the CaC, will generate 
enough C,H: to form the near-white alkyne compound 
Ag('=CAg which can be dried on paper. The acetylene 
gas nay contain hydrogen sulfide and phosphine which 


REMARKS 


Iodide solutions oxidize readily in air and must be 
freshly prepared to avoid coloration by free iodine. The 
first tube illustrates the production of the free elements 
from their ions. The second and third tubes illustrate 
the discharge of OH~ and H;0* ions respectively and 
the excess of H;0*+ and OH~ remaining after electrol- 
ysis may be shown by use of methyl violet and thymol- 
phthalein indicators respectively. This demonstration 
may be used to illustrate the necessity for ions in the 
electrolysis of water and it is not complicated by the 
presence of colored ions. 


Journal of Chemical Education September, 1958 


are removed by bubbling the gas through the solution 
of mercury(II) chloride in dilute hydrochloric acid. 
REMARKS 

Washing the C,H: produces a purer and more stable 
product. Washing the silver acetylide with methyl 
alcohol further increases purity and stability. 
CAUTION 

Silver acetylide is not sensitive to shock but explodes 
violently when touched with a flame. 
REFERENCE 


Arruur, Paut, ‘Lecture Demonstrations in General 
Chemistry,’”’ McGraw-Hill Book Co., Inc., 1939. 


Journal of Chemical Education September, 1958 
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Alberene Stone Table Tops Provide 


it editor of the’ 


ver Otechestven 
wthorities were 
itive. According 
Ministry’s Press 
r. Topencharov, 
to be out of the 


denied that the 
7 was trying to 
1emes of its au- 
ants from them 
1 description of 
try,” he said. 

| life is not free 
aortcomings” he 


Natural Surface for Space Research 


Alberene Stone is the only per- 
manently satisfactory surface 
for the new metallurgical, 
solid fuel and nuclear research 
programs. It is a natural sili- 
cate stone. Its surface goes all 
the way thru — and gives full 
protection straight thru drilled 
holes. It has no surface glaze 
to chip, crack or peel. Doesn't 
spall or warp. It requires no 
surface treatment. 

Alberene Stone has a low 


absorbency rate of 0.15%. Its 
chemically-resistant, all-sili- 
cate mineral components make 
it practically nonstaining. 
Slight stains can be removed 
by scouring or honing without 
harm to the surface. It re- 
quires no maiartenance. 

For full information and 
technical assistance address: 
Alberene Stone Corporation, 
419 Fourth Avenue, New York 


rectangular and 
cylindrical 
liquid cells 

e demountable cells 
rectangular and 
cylindrical 

gas cells 

© test tubes 


example, 


16, N. Y., Dept. J. 
3 specifications of 

transmittance 
path length 

spectral range 


And available 
now! 

in a variety of 
optical materials 
and in matched 

sets from 99 

dealer stocking 
locations in 

the U.S. and 
Canada 


a eee See your Beckman dealer or write 


provides LOW ABSORBENCY protection ae 


Beckman, 
Scientific and Process | Instruments Divison 
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. ? The versatile Beckman DU® Spectrophotometer...the instrument that made spectrophotometry 

Beis a universal analytical tool. More than 17,000 are in use today in laboratories throughout the 
world. One bibliography alone lists nearly 2,000 applications. DU accessories are responsible 
for hundreds of additional applications and new uses are being reported almost daily. There are 

r write accessories for flame, fluorescence and reflectance measurements...for interpreting paper chro- 

vate matograms...for analyzing liquid, solid and gaseous samples...for energy recording...for A-C line- 
operation. DU Spectrophotometers and accessories are available from 99 dealer stocking locations 

cia in the U.S. and Canada. For complete information on DU applications and accessories, see your 

_** Beckman dealer or write to us for DU Data File L-47-3.. Beckman: 

mma 2 Scientific and Process | Instruments Division 

Beckman Instruments, Inc. 
JCATION 2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS + pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 


See our exhibit —booth 1410, I.S.A. Show, Philadelphia, Sept. 15-19 


Class I, Group D locations! 


INTERNATIONAL 
EXPLOSION-PROOF CENTRIFUGE 


Listed by Underwriters’ Laboratories and 
the.Canadian Standards Association, this 
Size 2 Model EXD Centrifuge has explosion- 
proof % hp motor, control housing and 
electrical fittings. So, it’s safe for use in all 
Class 1 Group D atmospheres. This model 
accommodates all heads and other accessories 
used in the International Size 2 Centrifuge 
and with corresponding speeds and forces. 


for centrifuging 
infectious materials! 


INTERNATIONAL 
SEALED ACCESSORIES 


Developed for the U. S. Army Biological 
Warfare Laboratories, Fort Detrick, Maryland, 
International Sealed Accessories are now being 
used for centrifuging TB sputum, fungi and 
other infectious materials without risk of 
contaminating centrifuge and surrounding air. 
New, enlarged line includes cushioned 
Duralumin cups and stainless steel shields 
with air-tight screw-on covers for holding all 
standard centrifuge bottles and tubes. 


What is your special centrifuging problem? 


International, with its problem-solving experience since 1901, has 
created new Centrifuges and Accessories for better, faster and safer 
performance. Designed with operational safety a foremost considera- 
tion, each Centrifuge and each piece of accessory equipment bears the 
IEC seal of quality and is carefully overload tested. 

There is no finer combination than genuine International accessories 


in an International Centrifuge. 


Ve 


1213 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
International — your dependable source for centrifugal force 


< 


Harshaw Scientific Offers 
Laboratories National Service 


on a Local Basis 


GLASSWARE 

APPARATUS 

EQUIPMENT A 
_—— FURNITURE 


LO$ ANGELES 


* 


BRANCHES * 
CLEVELAND 6, OHIO Our Branch Warehouses and Sales Offices are strategically 


1945 East 97th Street located to serve you. Select the one nearest you and 
op ana £0900 contact them today. Our combined stock, which is probably 


eee — the largest in the country, is at your disposal regardless 


Tel. REdwood 1-9100 of where it is located. Tell us what you need. 

DETROIT 28, MICHIGAN We'll get it to you, when you need it. 

9240 Hubbell Avenue 

Tel. VErmont 6-6300 Harshaw Scientific, Division of The Harshaw Chemical Company is unique 
HOUSTON 11, TEXAS among laboratory supply houses. We know what laboratories require since 
6622 Supply Row our company employs several hundred chemists, scientists, engineers and techni- 
Tel. WAlnut 3-1627 cians in its many research, development and control laboratories and we stock 
LOS ANGELES 22, CALIFORNIA accordingly.—Glassware - Apparatus - Equipment - Furniture - Chemicals 
3237 So. Garfield Ave. 


Tel. 
HARSHAW SCIENTIFIC 


PHILADELPHIA 48, PA. 
Jackson & Swanson Sts. ager Division of the Harshaw Chemical Company 


Tel. HOward 2-4700 Cleveland 6, Ohio 


SALES OFFICES @ 

AMARILLO, TEXAS, 3409 S. Jackson Street ® ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 3-3560 © BATON ROUGE 6, LOUISIANA, 

3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 © BUFFALO 2, NEW YORK, 260 Delaware Avenve, Tel. GArfield 9-2000 

HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 5-8250 © OAKLAND 11, CALIFORNIA, 3826 Piedmont Avenve, Tel. Olympic 5-651! 
PITTSBURGH 22, PENNSYLVANIA, 504 Bessemer Building, 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS AND 
EQUIPMENT 


> Two new refrigerated and non-refriger- 
ated constant temperature baths, tempera- 
ture range from 0 to 100°C., are now avail- 


able. Write for Bulletin #3035 to Labline, 
Inc., 3070-82 W. Grand Ave., Chicago 22, 
Illinois. 


> A new Integral Beta-Gamma Scintilla- 
tion Analyzer has been developed, by 


Tygon Tubing is chemically 
inert and will handle every 
fluid, gas and air transmission 
task normally encountered in 
the laboratory. 

It is extremely flexible and 
easy to connect or disconnect. 
Adheres tightly to glass or 
metal without clamping. 
Tygon Tubing is available in 
all required sizes from labo- 
ratory supply houses every- 
where. 


FLEXIBLE TT 
PLASTIC 


NON- 


TYGON IS A REGISTERED TRADE-MARK OF 


U. S$. STONEWARE 


Akron 9, Ohio 


Baird-Atomic, Inc., 33 University 
Cambridge 38, Massachusetts. Availal)|e 
for the first time, this new B-A system is 
designed specifically for the stable, an.- 
lytical measurement of isotopes emitting 
either gamma or hard beta rays or a mix- 
ture of both in solid or liquid samples. 


> General Vacuum Corp., 400 Border &:., 
East Boston 28, Massachusetts, announc:'s 
the Type 101 Globar-heated horizon‘: 
vacuum furnace for laboratory and limit: 
production applications. 


> The N-1260M Manual Spectrometer 
manufactured by Hamner Electronics C..., 
Inc., P. O. Box 513, Princeton, New Jersw\, 
is a complete scintillation spectrometer {or 
qualitative and quantitative analysis of 
the energy spectra of Gamma emittiig 
isotopes. 


> A new type flowmeter which provides 
direct reading of total mass flow, indepen- 
dent of temperature and pressure varia- 
tions, has been announced by the manu- 
facturer, Hastings-Raydist, Inc. of Hamp- 
ton, Virginia. 


> Ertel Engineering Corp., 90 Front St., 
Kingston, New York, announces a new 
Positive Seal Cylinder Disk Filter to be 
known as Model ECS. The new positive 
seal development is obvious to anyone us- 
ing enclosed type filters. 


> A compact RAD-O-GLOW Furnace, 
0-3000°F. with 60 square inches of racdia- 
tion surface, is now available from Blue M 
Electric Co., 138th and Chatham St., Blue 
Island, Illinois. 


> Delmar Scientific Laboratories have 
perfected a new 3-stage glass mercury dil- 
fusion pump which offers high speed pump- 
ing, transfer operations, vacuum fusion 
circulation and is completely insulated. 
The speed at 1 micron is 6 liters/second 
and at 10 microns 9 liters/second. 

For bulletin on this 3-stage glass mer- 
cury diffusion pump, write Delmar Scien- 
tific Laboratories, 4701 W. Grand Ave., 
Chicago 39, Illinois. 


p Andrew Technical Supply Co., 7068 
No. Clark St., Chicago, Illinois, announces 
a new humidity indicating device called 
“Humigraph.” It is a card, size 2” X 
6 3/,”, having seven indicator spots 
whose color changes from blue to pink as 
the atmospheric humidity changes. ‘| he 
card is scaled to show relative humidity 
by reference to the color change spots. 
It reads from 10% to 80% relative humid- 
ity. 


NEW LITERATURE 


@ Here is help for your school sysicm! 
A Guide for Evaluating your Science Fucili- 
ties has been prepared by the Scien tific 
Apparatus Makers Association’s Lal ra- 
tory Equipment Section in cooper: tion 
with the School Facilities Council. I was 
written as a public information servic: for 
school administrators, school board 1iem- 
bers, architects, and other persons 1:\ter- 
ested in providing educational facilities 
that are adequate to the demands o’ the 
times. Single copies of SAMA’s ( wide 
for Evaluating Your Science Facilities, are 
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available without charge. Please address: 
Science Guide, ‘Scientific Apparatus 
Makers Association, 20 N. Wacker Dr., 
Chicago 6, Illinois. 


A new 12-page catalogue, Bulletin 320, 
of !aboratory centrifuges is available from 
Chicago Surgical and Electrical Co., Divi- 
sion Labline, Inc., 3070-82 W. Grand Ave., 
Chicago 22, Illinois. 


@ Refining Sugar Solutions with Duolite 
lor Exchange Resins Bulletin 28, may be 
obtained by writing George F. Stoneman, 
Chemical Process Co., 1901 Spring St., 
Redwood City, California. 


@ |’resented in a brief and convenient 
form, basic information on analytical ul- 
tracentrifugation is contained in a new 
publication entitled, An Introduction to 
Ultracentrifuge Techniques by Dr. H. C. 
Ehrmantraut and Phillip D. Quattrone of 
the applications research department of 
Spinco Division, Beckman Instruments, 
Inc., Stanford Industrial Park, Palo Alto, 
California. 


@ A new and expanded 878 page cata- 
logue, containing complete information on 
one of the world’s largest selection of lab- 
otatory equipment and apparatus, has 
just been issued by the Emil Greiner Co., 
20-26 N. Moore St., New York 13, N. Y. 


@ Technical Bulletins N-30 and N-35, the 
former concerns Model DM-1C a multipur- 
pose radioactivity monitor and the latter 
nuclear safety equipment, are available 
from Nucleonic Corp. of America, 196 
DeGraw St., Brooklyn 31, New York. 


@ Duralab Equipment Corp., 979-975 
Linwood St., Brooklyn 8, New York, an- 
nounces the publishing of a new and com- 
prehensive Fume Hood Catalogue, #DH3, 
illustrating and describing in the fullest de- 
tail the history of Fume Hood Control. 


@ Specification sheets are available from 
Nuclear-Chicago Corp., 229 W. Erie St., 
Chicago 10, Illinois, concerning their new 
Model C-101 Radioactivity Absorber Set. 
It was developed for evaluating isotope 
purity, counting one isotope in the pres- 
ence of another, determining energies of 
isotopes, identifying radioactive species 
and for reducing count rates of radioactive 
sources so that they may be more con- 
veniently counted. 


@ \ new 28-page catalogue, available 
from The Ealing Corp., Box 91, Natick, 
Massachusetts, lists many new measuring 
instruments and describes products and 
components such as measuring micro- 
scopes, cathetometers, optical benches, and 
accessories to be used with each. 


@ \olume 3, Number 6, Jodine Abstracts 
aid Reviews, is available from Chilean 
Iodine Edueational Bureau, Inc., 120 
Broadway, New York 5, N. Y. 


@ \ new Variable-Area Flowmeter Hand- 
book (Catalogue 10A9010) gives basic engi- 
hecring data including tables, graphs, and 
equations for application, sizing and flow 
rate calibration prediction of low flow rate 
rotxmeters. For a copy, write Fischer & 


(Continued on page A394) 
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Welch TRIPLE-BEAM BALANCE 


With Stainless Steel Beam and Pan 
SPEEDY, ACCURATE WEIGHING 

Capacity 111 grams 

(201 grams using 

auxiliary weight) 

SENSITIVE TO 

0.01 grams or less 
High Stability 
Good Sensitivity 
 Corrosion-Resistant 
Long Service 
@ Low Cost 


Visit our Booth 
No. 242 NO. 4030 


4030. TRIPLE-BEAM BALANCE, High Form. Each $27.50 


Chicago 4031. AUXILIARY WEIGHT. Each $1.50 
j 4030C. PLASTIC COVER For No. 4030. Esch $1.80 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880- 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


_clusive stopcocks won't leak, 


won't freeze, require no grease. 
Proved in alkali, —— and other difficult s 

Order. today ... see the difference! 


Lab-Crest Burette PRICE LIST and ORDER FORM 


Available from stock. Fischer & Porter Company, 
4398County Line Road, Hatboro, Pennsylvania 


Cap. (ml.)/ No. .| Price 
Type | Sub. Div. it | of per 
(ml.) ice | Units .| Pkg. 


8061150 | 10/0.05 $45.90 
25/0.10 45.90 
Standard | 50/0.10 45.90 
Burette | 100/0.20 56.70 


80G1161* | 10/0.05 72.90 
3-way 25/0.10 72.90 
Stopcock | 50/0.10 72.90 
Burette | 100/0.20 57.60 


80G1162* | 10/0.05 54.00 
Automatic} 25/0.10 54.00 
Zero 50/0.10 54.00 
Burette | 100/0.20 64.80 


Stopcock Size: 2 mm 


*with 3-way stopcock 


TOTAL AMOUNT OF ORDER $____SEND CATALOG 
NAME 


COMPANY. 


FISCHER & PORTER 


CITY. ZONE ___STATE 


Glass Products Division 
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Editor's Sarcket 


Porter Co., 795 Jacksonville Rd., Hatboro, 
Pennsylvania. 


@ Volume 10, Number 2 of Scientific 
Apparatus and Methods is available from 
E. H. Sargent & Co., 4647 W. Foster Dr., 
Chicago 30, Illinois. 


@ A new, descriptive 24-page notebook 
on Gas Chromatography complete with 
photographs, graphs, and traces is avail- 
able free of charge from Wilkens Instru- 


ment & Research, Inc., Walnut Creek, 
California. It lists specifications and 
prices for the three Aerograph models with 
columns, column packings, micro syringes, 
recorders, and other accessories. 

Other pages demonstrate techniques on 
fatty acids and terpene analysis, showing 
Aerograph traces on some of the more diffi- 
cult separations. When you send for the 
Aerograph Notebook, you are put on the 
mailing list to receive ‘‘Aerograph Re- 
search Notes,’’ published periodically, 
which keeps you current with chroma- 
tography developments. It is all conven- 
iently punched to fit in the Aerograph 
Notebook. 


@ Ten new atomic models for constructing 


REYERS-PROGRESS BALANCES are fast and easy to use 


Knob-controlled fraction loader * Accurate to 1/100,000 of capacity * Lower Cost than mest analytical balances 


Knob-controlled fraction loading com- 
bined with durability, ease of use, speed 
and an accuracy of 1/100,000 of capacity 
have made the Reyers-Progress Balance a 
first choice in many schools and colleges. 

Fractions of a gram are added or sub- 
tracted by turning the knob at the center 
of the base. The indicator, moving up or 
down the index, clearly and instantly 
shows the value of the weight added. The 
accuracy of the Reyers-Progress makes it 
ideal for gravimetric analysis and the prep- 
aration of solutions for volumetric analysis. 

In addition to wide use in high schools 
and colleges, industry and research are 
finding the accuracy, ease of use, durability 
and low cost of Reyers-Progress Balances 
valuable assets in their laboratories. 


Some of the outstanding features of this 
Balance are: 

Case design allows access to pans 

from the front or sides. 

250 mm long index is graduated from 

0 to 1000 mg in 5 mg subdivisions. 

Beautiful mahogany case has chemi- 

cal-resisting Formica base. 

Counterpoised U-shaped clear plastic 

door. 

Fractions of a gram are added or 

removed by simply turning knob. 
Dimensions: Total Height—16”", Length of 

Base —13%"; Width of Base—7'4”". 
When Ordering, please use this 

Catalog Number: CE12-47. 

Capacity, grams 50 100 200 
Sensitivity,mg 0.5 1.0 2.0 
Price, each $158.50 $158.50 $158.50 


ARTHUR S. LaPINE and COMPANY 


LABORATORY SUPPLIES - EQUIPMENT » REAGENT AND 


AL CHEMICALS 


organic metal chelate molecular mode's 
are described in new six-page, five-color 
Bulletin 1a58. It includes discussion «[ 
metal chelate bonding, dimensions an | 
valence angles of models, and examples « f 
their use in metal chelate compoun/ 
models. 

A separate bulletin on thirty origin: | 
models in this Leybold line of atom mode s 
according to Stuart and Briegleb is als) 
available. 

For copies write to Arthur S. LaPine 
Co., 6001 So. Knox Ave., Chicago 2), 
Illinois. 


@ New 180 page Catalogue No. 5-B coi- 
tains complete information on Metalah’s 
expanded line of metal laboratory equi))- 
ment for all industrial, hospital, educ:- 
tional, and research requirements. The 
introduction shows a variety of install:- 
tions that make the most effective use of 
Metalab equipment. 

The catalogue is divided by groups of 
equipment including center tables, wai! 
tables, titration tables, fume hoods, etc. 
There are also sections on planning eco- 
nomical laboratories for industrial and in- 
stitutional needs, as well as on classroom 
equipment. For your copy of the Metalah 
Catalogue 5-B write to Metalab Equip- 
ment Co., Division of Norbute Corp., 214 
Duffy Ave., Hicksville, Long Island, New 
York. 


@ The latest edition of a catalogue rep- 
resenting a large selection of timers and 
chronographs, prepared by Jules Racine & 
Co., has just come off press. This cata- 
logue illustrates and describes the newest 
timing devices for special professional pur- 
poses. Included are timers for research, 
laboratory, and a wide range of industrial 
uses. Chronographs include models with 
tachometer and telemeter dials, with and 
without timeout features. This new cata- 
logue is available from Jules Racine & Co., 
Inc., 20 W. 47th St., New York 36, N. Y. 


@ New 20-page catalogue gives specifica- 
tions and prices on Fischer & Porter's 
greatly expanded line of Lab-Crest labora- 
tory glassware featuring the leak-proof, 
freeze-proof Lab-Crest stopcock that re- 
quires no grease. For free copy, write 
Fischer & Porter Co., 794 Jacksonville 
Rd., Hatboro, Pennsylvania. 


@ Two new booklets recently published hy 
F & M Scientific Glassware Company 
contain technical data, illustrations and 
discussions of apparatus for trace analysis 
and high boiling compounds of gas chro- 
matography. Copies of the booklets are 
available, on request, from F & M Scien- 
tific Glassware Company, 1001 Kendall 
Rd., Wilmington 5, Delaware. 


NEW CHEMICALS 


@ The Reynolds Metals Co. has develo) ed 
a new metal product described as “bri:‘g- 
ing the gap between aluminum shot «nd 
aluminum powder”’ called “coarse 
lar’ in two standard sizes, 0.132-() (2 
inches and 0.08-0.01 inches in diame‘ 


Cen: ral 


@ Biochemicals Development, 
Mills, 


Research Laboratories, General 
(Continued on page A396) 
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YOU'RE NEVER 
IN DOUBT 
WHEN IT’S 


In the laboratory or hospital, just 
“clean” isn't good enough. Make sure 
your glassware and equipment are 
“ Alconox-Clean.” 


Proven best by test* for over 20 years! 
* for wetting power! 

* for sequestering power! 

* for emulsifying effect! 


Use ALCONOX 
For all equipment 
washed by hand 


Box of 3 Ibs 


Case of 12 boxes — i 
3 Ib. ea.. .$18.00 


Available in drums of 25, © 
50, 100 and 300 Ibs. at * 
additional savings! 
(Prices slightly higher 
West of the Rockies) 


SAVE TIME — 
AND MONEY! 


ALCONOX 


The World’s Most Thorough Cleaner — 
Yet it costs up to 75% less! 


Eliminates tedious scrubbing — 
Penetrates irregular and inacces- 
sible surfaces — Removes dirt, 
grease, grit, blood, tissue, etc. 
with amazing ease — Completely 
soluble and rinsable — Gentle to 
the skin — 


Use ALCOJET 
For all equipment 


| Case of 6 boxes — 

5 Ibs. ea.. .$15.00 

; Available in drums of 
25, 50, 100 and 300 
Ibs. at additional 
savings! 


(Prices slightly higher 
West of the Rockies) 


Clean Pipettes in one 
easy operation with 
ALCOTABS — for all pi- 


: Order from your Supplier 
or ask him for samples. 


853 Broadway, New York 3, NY. 
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Temperatures to 250°C. (480° F.) 


Improved Temperature Uniformity with Hevi- Duty’s “circle-of- 
heat” design has no cold corners. Heaters, fastened to the outside 
of the aluminum chamber, give uniform heat distribution. 


Fast Heat-Up with new “circle-of-heat” diffusion enables oven to 
reach 200° C. in less than one hour. 


Low-Cost Operation on either 115 or 230 volts is made possible by 
a selector switch which permits high or low input to enclosed 
heating elements. 

Durable Double-Wall Construction. Steel outer shell is prime coated 
on both sides to prevent corrosion. 


Accurate Temperature Control by sensitive bulb-type thermostat 
permits little lag or overshoot. Control knob is located on a sloped 
panel for easy reading and adjustment. 


Ventilation is provided through fresh air intake at bottom and top 
exhaust port. 
For complete information on this new Hevi-Duty oven, 
write for Bulletin 458. 


PRICE *169.00 


Hevi-Duty Laboratory Oven, Model HK 


15” diameter, 13” deep work chamber ® Over-all 
dimensions, 20” wide, 18” deep, 23” high © 115 
or 230 volts AC, 60 cycles, rated 600 watts © 
Three-wire, rubber-coated cord and plug with 
adapter for conventional outlets © Three perforated 
aluminum shelves removable for easy cleaning. 


HEVI-DUTY 
“ 
—" 
CIRC4RTHERM OVEN 
ALCONOX IMC | 
| 
| 
| 
| 
washed by machine 
PALCOJET| Box 5 Ibs......$3.00 
oo 
= 
pette washers. Box of é 
| 
cTRIC | 
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Milwaukee in 


OUT OF THE 


for CLASSROOM LABORATORIES Inc., 2010 East Hennepin Ave., Minne- 


apolis 13, Minnesota, announce the addi- 

With these 4-Star features: tion ofy-L-glutamie acid hydrazide ad 

the L- and D,L i i ihydro- 

vy ECONOMICAL e L- and D,L isomers of lysine dihyd:» 
chloride. 

yy VERSATILE 


sy ADVANCED D ESIGN e The Matheson Coleman & Bell Divi- 


sion of The Matheson Co., Inc., Norwovl, 
we yw LONG LASTING Ohio announces the manufacture of 
Classroom Laboratory does not materialize Chloranilic Acid (2,5-Dichloro-3,6-dil:\- 
~+ out of “thin air’’. Let the METALAB Engineering Staff design droxy-p-benzoquinone) 8215 and three of 
- an economical installation which will render superior serv- its important salts. MC & B. also an- 
ice in every respect. Do not hesitate to call on us to solve nounces the addition of Acetone Dimethiy! 
your laboratory problem without any obligation to you. Acetal (P8202) a material used to dry sain- 
ples prior to spectrophotometric analysis, 
additions and modifications in accordance with future henyl) glycine for the spectrophotometric 
laboratory requirements. Here are a few selected units from our ye of iron. Write i MC&B 
¢ Economical and rugged — METALAB equip- complete line of school laboratory New product information #12. 

ment withstands hard use and abuse in equipment: 
long last- @ The availability of four new nitrogen 
heterocyclics has been announced by An- 
; sul Chemical Co., Marinette, Wisconsin. 
7000 Series [> “9 mee They are the newest of a series of nitrogen 
Multi-Purpose Tables compounds which the company has begin 
These units were designed so that producing. The four compounds are: 
Wall Base Cabinets and Storage Units vee N-Butylene Pyrrolidine; N-Methyl Pyr- 
may be combined into one integral rolidine; 3,5-Dibutyl Pyridine and 3,5- 
group. This permits many students to i : Dimethyl Pyridine. All four undergo 

work efficiently in a limited area. Y a reactions typical of tertiary amines 
Open and Closed Storage Units can 


be interchanged with a variety of 
Base Cabinets. NEW PUBLICATIONS 


@ Available from the Superintendent of 
<] 5000 Series Documents, U. S. Government Printing 


Office, Washington 25, D. C. NBS 

These units are ideal for a 4-Student-4-Class Circular 467. Atomic Energy Levels, as 

arrangement. Each student has easy access Derived from the Analyses of Optical Spec- 
to all service fixtures, and is provided an in- Moore 

dividual drawer. The unobstructed working 1958 283 pages, $2.50. NBS peared 


surface and handy notebook compartment 


allow for better experimental student work. 594. Preparation, Maintenance, and -\p- 


plication of Standards of Radioactivity, by 
W. B. Mann and H. H. Seliger, 1958, 47 
pages, 35 cents. NBS Handbook ‘i. 
Safe Design and Use of Industrial Beta- 
Ray Sources, 1958, 28 pages, 20 cents. 
Available from Office of Technical Ser- 
vices, U. S. Department of Commerce, 
Washington 25, D. C., please order by 
8000 Series > number. PB 131459 Corrosion Preventive 
Labmaker Service Center: Additives, Armour Research Foundation 
This Laboratory Service Center hes ~ n for Wright Air Development Center, 
fixed fittings service center with water, Air Force, March 1952, 120 
electric, gas, and air fixtures. Portable a PB 131425 Development of Fluoro-Silicone 
METALAB classroom tables may be moved or re- Elastomers, Part 3, G. W. Dyckes, Penin- 
moved for demonstrations, experiments, and : 4 ; sular Chemresearch, Inc., for Wright Air 
recitations. ‘ Development Center, U. S. Air Force, 
| ' September 1957, 63 pages, $1.75. PB 
131649 Coordination Polymers, Pari 2, 
METALAB HAS AVAILABLE A COMPLETE LINE OF SCHOOL W. C. Fernelius, and others. The Pen- 
LABORATORY EQUIPMENT & FURNITURE IN METAL & WOOD! sylvania State University for Wright Air 
Instructors and Students Desks © Sectional Storage Units Development U.S. ap 
© Chemistry, Biology and Students Tables © Radioactive Equipment December 1957, 71 pages, $2. Part | o 
© Open and Closed Type Chemical Fume Hoods * Special Laboratory Fixtures and Fittings above is PB 121867, 1956, 106 pziges, 
© Storage Cases and Cabinets © Acid-Proof Sinks : $2.75. PB 131677 Viscosity-Temper:/ure 
© Home Ec s Equip * Dark Room and Deve!oping Tables. Chart for Liquid Petroleum Products, S|. 
We would appreciate your writing to Dept. A for any information you desire on laboratory equip- 
ment. Our comp ve catalogs on Schoo! Laboratory equipment will be sent to you promptly. MISCELLANY 


A new, “crash,’’ traini win to 
M E T A A B Company for 


N OF NORBUTE CORPORATIO and engineers has been announce: it 


Washington, D. C. The TESTS ( Tech- 
240 Duffy Avenue nical-Engineering-Scientific Training for 


HICKSVILLE, RS - AND; . MEW Fors (Continued on A898) 
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EDIE FILTER 


__HELPS SOLVE A WHOLE 


FILTER FAST. 


AND 
THEY GIVE GOOD 
\ CLEAR FILTRATES. 


ae 


THEY HOLD UP WELL UNDER 
REPEATED WASHINGS, TOO. 


WHICH REMINDS ME 
OF AN IMPORTANT 


Weeks LATER 


LOOKS LIKE you'll BE A 
TOP-GRADE STUDENT AGAIN 
THIS YEAR. 


ALOT OF THE CREDIT GOES TO 
THOSE TOP-GRADE 
EATON DIKEMAN 
FILTER PAPERS 4 


Write for FREE Sample Filter Papers to 
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YEAR'S PROBLEMS. 


MOD 
for gas and vapo 


@ SEPARATE COLUMN 
TEMPERATURE CONTROL 


@ ACCESSIBLE COLUMNS 
FOR RAPID CHANGE 


@ HIGH SENSITIVITY 
OF DETECTOR CELL 


@ FRACTIONS AND CUTS 
EASILY COLLECTED 


THE BURRELL KROMO-TOG 


Model K-3 


Basic chromatographic unit, 
less recorder or power source for cell. 


Operates at 115 volts, 60 cycles. 


Burrell Cat. No. 340-31........$795. 
F.0.8. Pittsburgh, Pa. 


BURRELL co 


Scientific Instruments 
2223 FIFTH AVENUE 


K-3 


hromatog raphy 


The Kromo-Tog, Model K-3, 
is a compact, low-cost, 
chromatographic instrument 
for the speedy routine 
analyses of most gases and 
liquids of any boiling point 
to 370° C., and over. 


Accessories may be added 

to the basic “build-up” 

unit. Panel-door and sides 
open for free access to all 
components. Extremely easy 
to install and use, this 

model may be bench or 
panel-mounted anywhere. 


COMPACT SIZE 
Only 24” x 16” x 13” 


BUILD-UP DESIGN 
Accessories can be added. 


Ask for Bulletin 831 


ORATION 
d Laboratory Supplies 
ITTSBURGH 19, PA. 


— “Fo Scientists Everywhere’? 
| THE KROMO-TOG’ 
| 
| | 
\ | 
| 
— 
| 
| 
| wn 
| 


FeM GAS CHROMATOGRAPHS 


F & M's Gas Chromatographs have made significant contributions to 
organic and analytical chemists in... . 
® Analysis of highly reactive materials (All Glass Model 17A—$450) 
® Analysis of compounds boiling up to 600°C. (Stainless Steel 
Model 124—$575) 
® Rapid ppm. analysis (Model 119—$575) 
Prototypes of these instruments are described on pages 894 and 898 
of the May issue of Anal. Chem. 


F & M Scientific Glassware Co. 
ie 1001 Kendall Road 


: _ Wilmington 5, Delaware 
Phone: Wyman 4-4427 


Forced Circulation 


The working chamber 
measures: 20” wide x 14” 
deep x 20” high. Overall 
measurements are 24” 
wide x 19!/;"” deep x 34” 
high. 


Temperature range 30° 
to 200°C. Model 5660, 
priced $245.00. 


See your Laboratory Supply 
Dealer or write for free 
Bulletin 


NATIONAL APPLIANCE CO. 


7634 S.W. CAPITOL HWY. * PORTLAND 19, OREGON 
Since 1918 . . . Serving INDUSTRY - RESEARCH - MEDICINE 


Manufacturers of Ovens, Incubators, Baths and other Appliances 


OUT OF THE 


Edtter's Gasket 


Secretaries) program has been design: d 
specifically to help relieve the shortages \f 
scientific and technical manpower so in.- 
portant in the critical race with Comm :- 
nist Russia. 


* In the course of its normal functionin:, 
the tobacco plant produces the poiso,, 
nicotine, from the B vitamin that pr- 
vents pellagra, niacin. This “‘somewh it 
paradoxical’ finding was recently an- 
nounced by a team of Columbia Univer- 
sity and Brookhaven National Laborato:y 
scientists led by Columbia Botany Pro- 
fessor Ray F. Dawson. Nicotinic acid 
or nicotinamide, the forms of the niacin 
vitamin that are ordinarily used in nutri- 
tion, occur naturally in the tobacco plant. 
To follow their conversion into nicotine, 
the scientists used as radioactive tracers 
the hydrogen isotope tritium and carbon 
14. Substituting tritium atoms in the 
“pyridine ring’’ of the nicotinic acid, they 
found that three of the four “ring’’ hydro- 
gen atoms subsequently appear in the six- 
membered pyridine ring of the nicotine 
molecule. As yet, they have not deter- 
mined the biological significance of the 
conversion of a valuable vitamin into a 
poisonous alkaloid of no apparent use to 
the plant. 


% General Industrial Co., 5738 Elston 
Ave., Chicago 30, Illinois, has developed a 
handy circular slide rule. It is free to 
engineers and plant executives and only 
50 cents for others. 


% A new pH slide rule, with calibrated 
scales of pH, pK, acid, and base concen- 
trations, simplifies the calculation of titra- 
tion curves. The Graphic Calculator Co., 
633 Plymouth Court, Chicago 5, Illinois, 
has this durable rule for $3. 


% Cockroach control may be improved 
greatly as result of experiments at Uni- 
versity of California at Los Angeles with 
inert, non-toxic silica dusts which kill 
faster and more consistently than chem- 
ical insecticides. Powdered form of silica 
aerogels of Syloid group is sprinkled on 
floor, adsorbs protective, water-retaining 
coating of roaches walking through it, 
killing by dessication. Since powder's 
action is non-chemical, researchers  |e- 
lieve roaches may not develop immunity 
to it. 


% To show that science can be fun, an 
interesting new booklet for young people 
(and adults, too!), Adventures in Scicnce 
at the Smithsonian, has just been }ub- 
lished by the Smithsonian Institution in 
Washington, D. C., 25 cents a copy. 
The profusely illustrated, 
cover booklet containing full-page lor 
photos was designed expressly to |iclp 
stimulate an interest in science by the 
youth of America. For additional in- 
formation contact the Education |): pt., 
Colortone Press, 2412-24 17th St., N. W., 
Washington 9, D. C. which is assi-'ing 
the Smithsonian in the distributio: of 
the booklet. 
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for ACCURACY... PRECISION... EFFICIENCY... ECONOMY... 


in your laboratory consider C.R.C.’s line-up of laboratory aids 


LABMARK MARKING PEN 
Catalog No. 13-5655 J 


The C.R.C. Labmark Marking Pen assures clear, 
easy-to-read identification. It marks smoothly on 
glass, porcelain and other substances permanently. 
The pen is self filling, leak-proof and comes 
complete with your choice of blue, red, green, 
yellow or black ink. The ink dries instantly 
and is waterproof. $5.00 each less 


TITESEAL VIALS Catalog No. 10-5935 J 


Caps on all Titeseal Vials are scientifically 
designed to provide a fine line seal which 
assures tight closure of the vial even after 
repeated use. Vials are made of optically 
clear glass, accurate in diameter to within 
0.5 mm. All sizes except the 1 dram 
have closed bottom stoppers of 

polyethylene with white polystyrene top inserts. 

The 1 dram caps are of pelyethylene with open bottoms. 


SIZES AND PRICES 
Capacity Size Price 
in Drams in mm Per Gross 
15x 45 
19x51 
19x65 
24x 62 
24x72 
24x82 
29x65 
29x 72 
29x85 
29x98 
MINIMUM SALE ONE CARTON (144) : 


NEW RECALIBRATING DIAL THERMOMETER 
Maintain shockproof accuracy with this new ey, 


recalibrating dial thermometer. An exclusive 
C.R.C. recalibration feature permits resetting of 
the dial and complete restoration of over-the- 
scale accuracy — on the job. Accuracy is less 
than 1% of scale range. The thermometer is 
hermetically sealed and has a 2” diameter 
dial. Its one-piece stainless steel stem is ;{;" in 
diameter and 9” long. A dial thermometer 
without recalibrator is also available. 
TEMPERATURE RANGES) / 


—50to120 “F 500350 0tc50 © Oto 200 
0 to 220 0 to 500 —10 to 110 0 to 300 
0 to 300 150 to 750 0 to 150 100 to 400 
Specify range when ordering. 
Lots of three, may be assorted, 10% discount. 
Catalog No. 14-5530 J with recalibrator 
Catalog No. 14-5510 J without recalibrator 


NEW BALANCE ILLUMINATOR 
Catalog No. 16-4075 J 


The newly designed C.R.C. Balance 
Illuminator conveniently fits all new 
types of glass top Analytical 
Balances for easier, faster and 
more accurate balance readings. 
Full illumination is provided without 
distracting glare or reflection. 
The ballast is housed within the 
illuminator dome, eliminating a 
hanging, swinging weight on the lamp 
cord. It is scientifically insulated to 
prevent heating and free from hum 
and magnetic distortion. Other 
features include: one position 
mounting . . . modernistic design . . . 
beautiful gray hammerloid finish. The new C.R.C. Balance 
Illuminator comes complete with 14-watt White Floures- 
cent tube and 6-foot plug-in cord for instant use. $15.00 each 


TIMER Catalog No. 22-3820 J 


The compact and lightweight 
C.R.C. Timer is specially designed 
for precision timing in the 
laboratory. It features automatic 
and manual controls... 
portability : . . attractive neutral 
gray case ... new modern design 
ae and is guaranteed for two years. 
The C.R.C. Timer has many uses 
with laboratory items such as stirrers, shaking machines 
and drying lamps. Minimum ON or OFF time is 1 hour; 


maximum is 23 hours. $11.95 each 


ORDER DIRECT FROM OUR SALES ENGINEER NEAREST 
YOU. PLEASE REFER TO CATALOG NUMBERS WHEN 
ORDERING ... see our sales office locations below. 


Air Driven 
LABORATORY STIRRER 


all models come without 
shaft and impeller 


The versatile, compact C.R.C. Laboratory 
Stirrer is direct driven by an efficient, 
rotary type, air motor. The stirrer mounts 
easily and operates in any position on air 
pressures from 30 to 90 Ibs. It comes 
equipped with a true running chuck. 

The C.R.C. Stirrer is stall proof ... 100% explosion proof 
. » provides high torque at low speed .. . low in initial 
cost and maintenance and meets all safety requirements. 

Catalog No. 22-1300 J Model No. 1 
Develops 0.034 H.P. at 2000 R.P.M. with 30% air 
pressure . . 0.30 H.P. at 6000 R.P.M. with 804 
air pressure. Price $61.00 

Catalog No. 22-1315 J Model No. 2 
Develops 0.15 H.P. at 2000 R.P.M. with 30# air 
pressure ... 0.5 H.P. at 2000 R.P.M. with 90% 
air pressure. Price $69.50 

Catalog No. 22-1330 J Model No. 3 
Develops 0.3 H.P. at 1750 R.P.M. with 30# air 
pressure ... 1.1 H.P. at 2000 R.P.M. with 90# 
air pressure. Price $76.50 


Gob tHe/CHEMIECAL RUBBER oo. 


2310 SUPERIOR AVENUE 


SALES OFFICES: CLEVELAND + CINCINNATI * PITTSBURGH + BUFFALO + DETROIT + WASHINGTON, D.C. 
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CLEVELAND 14, OHIO 


STOCKS: CLEVELAND + CINCINNATI + WASHINGTON. D.C. 
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The Perkin-Elmer Infracord — with the develop- 
ment of this instrument infrared becomes a basic 
analytical tool of the organic chemist . . . and an 
essential part of the organic chemistry curriculum. The 
instrument's low cost makes it possible for schools to 
teach infrared techniques as fundamental prepara- 
tion for the student's future career. 


New, low-cost Infracord* Spectrophotometer means 
INFRARED FOR UNDERGRADUATES 


the chemist gives him a fast answer and a permanent 
record of his work—at the bench. It handles the spectro- 
scopist’s routine work. Write for complete information. 


To date, the cost and complexity of standard infrared spectro- 
photometers has confined the use of infrared methods to spec- 
troscopists in the large analytical laboratories. Perkin-Elmer’s 


| 
| 
| 


new Infracord instrument now greatly extends the areas in 
which infrared techniques can be profitably used. Simplicity 
of operation and low cost make the Infracord a standard ana- 
lytical tool and, therefore, a necessary part of the chemistry 
student’s training. 

The result of a 4-year development program by Perkin-Elmer, 
the Infracord embodies the latest advances in optical, elec- 
tronic, and mechanical design. A highly efficient double beam 
optical null system, previously available in only the most expen- 
sive spectrophotometers, provides the speed, energy, short path 
length and resolution so necessary for good qualitative and 
quantitative analysis. 

Designed to meet the rapidly expanding use of infrared ana- 
lytical techniques, the Infracord is as simple to operate as an 
analytical balance. 

Rugged and compact, the Infracord as an everyday tool for 
*T™M 


A400 


NOTE THESE FEATURES: 


double beam measuring system 

atmospheric and solvent compensation 
differential analysis 

linear wavelength vs. transmittance recording 
broad line of sampling accessories 

single unit construction 

requires only 120 volt, 60 cycle power source 
2.5 to 15 microns in 12 minutes 

instant wavelength reset 

direct recording on notebook size paper 
reproducible performance 


PRICE: $3850.00 f.0.b. Norwalk, Connecticut 


INSTRUMENT 


Perkin-Elmer 


NORWALK, 


(In U.S. and Canada only) 


DIVvIiSIton 


CONNECTICUT 
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Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N.. 


Tiss METALLURGY 


A. ORES AND MINERALS 


11-1s See article for many spot-color reactions used in the micro- 
determination of minerals. (Watson, J. A., 13, 46 (1936) 
from Min. Mag. 24, 21 (1935).) 


B. CONCENTRATION OR ORE 


Flotation phenomena 

11-2s Oil flotation. Three g. fine sand + 0.3g. very finely 
ground Cu + 50 ml. water ctg. few drops H2SO,-aq. + 2 ml. 
cottonseed oil + 2 drops kerosene. Shake briefly (too 
long gives an emulsion); let stand: Cu-coated oil bubbles 
rise to top, sand settles. See Dem. 11-7. (WasHBURN, 
E. R., 5, 96 (1928).) 
Xanthate separation. 

(a) Mix 1 g. 60-mesh freshly-ground galena + 9 g. 60-mesh 
white sand. Place in three cylinders: (1) 100 ml. H,0; 
(2) 100 ml. H.O + 0.1 g. potassium pentasol xanthate. (3) 
100 ml. H:O + 0.1 g. potassium pentasol xanthate + drop 
of pine oil as frothing agent. Shake tubes vigorously: 
tube (3) forms black froth ctg. 90% of the galena. Com- 
mercially 0.25 Ibs. collector oil + 0.006-0.1 lb. frothing 
agent per ton of ore. (StaBpauen, W. H., 26, 430 (1949).) 

(b) Small bow] inside larger one, in electric mixer. Mix 50 
g. 100-mesh galena + 350 g. 100-mesh sand + 2 liters 
water; add 2 drops pine oil + potassium xanthate. Bubble 
in air: froth containing black galena spills over into outer 
bowl, brown sand remains in inner bowl. (CALDWELL, 
W. E., 26, 541 (1949).) 


C. REDUCTION OF THE ORE 


D. REFINING THE METAL 


11-3s Crystalling metal from salt-aq. Thirty g. 30-mesh tin, 
free from Cu, As, or Zn, but with traces of Pb and Fe; 
cover with 50 ml. cone. HCl, sp. gr. 119, for 48 hrs.; then 
add equal volume of water, let stand 2 hrs.: crystalline 
needles form. Pour off SnCl-aq., cover Sn with 50 ml. 
conc. HCl for another 48 hrs.; then add 50 ml. H.O: Sn 
needles grow rapidly from etch-faces of the Sn granules, 
reaching 1 ecm. length in 5 min., 4 ems. in an hr. Low 
magnification shows twinning planes cutting the 111 face. 
(Kipiincer, C. C., 5, 964 (1928).) 


E. METAL PROPERTIES 


11-5s Diffusion through metals. 

(a) Make a siphon of '/, X 6” lead rod (not tubing) with 
upper end dipping in Hg, lower end over a dish: the Hg 
siphons over ina few days. (BLANK, E. W., 9,317 (1932).) 

(b) Hg in a vertical 15 X 150 mm. tubing with one-hole 
stopper at lower end; '/, X 4” lead rod (not tubing) passes 
through stopper; dish below: the Hg diffuses through the 
rod, dripping into dish. (BLANK, E. W., 9, 317 (1932).) 

(c) Boil 20 ml. Hg in an 85 ml. iron cup under hood 
(CARE: AVOID POISONOUS FUMES). Stirin, using an 
iron file) 254 g. lead foil or tubing, removing any scum. 
Cool the amalgam to a semi-solid state; press a 50 ml. iron 
cup into the amalgam, holding it there until the mass sets 
then dislodge the amalgam cup. Pour mercury and water; 
into the cup: Hg runs through, H:O does not. (Vis- 
WANATHAN, A., and SuryYARAMAN, M. G., 29, 257 (1952).) 


F. ALLOYS 


11-6s Identifying white metals. Distinguish 1-Ni, 2 Monel, 
3-Cu + Ni, 4-steel or cast iron, 5-rust resistant Ni, 6-Cr- 
stainless steels, 7-Cr + Ni stainless steels, 8-Inconel by the 
following tests. (a) Magnetic: 1,2,3,4,6. (b) With a drop 
of conc. HNO;: 2,3 react fast; 1,4,5 react slowly. (c) 


With a drop of dil. HNO;: 3,4,5 react fast; 1,2 react 
slowly. (d) Color with HNO,;: 1,2,3 color green; 4,5 
color black. (e) Rub clean iron or steel nail in the nitric 
acid solution: 1,2,3 become coated with Cu. (f) A drop 
of CuCl; solution (10g. CuCl, + 100 ml. cone. HCl) to 
the clean metal; deposits Cu in 7 but not in 8. (ANoN., 
20, 442 (1943), reprinted from Inco.) 

Low-melting alloys: Wood’s metal. 

(a) Melt 30g. Bi + 15g. Pb + 7.5 g. Sn + 7.5¢. Cd at 
60-70°C.; cast into spoons by heating to 150°C. and pour- 
ing into plaster-of-Paris mold previously made in two parts 
from a spoon. (BacuMan, G. B., 10, 241 (1933).) 

(+) Melt the four metals from (a) separately in test tubes; 
immerse in boiling water: all solidify. Fuse them to- 
gether, pour out into a long strip, hold this in water and 
heat, testing with thermometer: melts at about 60°C. 
(Fring, I., 8, 929 (1931).) 


12s. GROUP I. 
THE ALKALI METALS. 
THE COPPER GROUP 


A. GENERAL CONTRASTS 


B. THE ALKALI METALS Li, Na, K, Rb, Cs, Fr 


12-1s Electrolytic preparations. See article for photograph of 
stainless steel cell for preparing Li or K from molten chlo- 
rides. (Baker, P. S., WetL’s, G. F., and RaTHKamp, 
W. R., 31, 515 (1954).) 
Luster. Constrict a 2 X 20 cm. tubing to 2 mm. at one 
end, and seal on a 0.6 X 65m. tube. Drop three balls of 
Na or K in, draw out the open end to 6 mm. and connect 
via 3-way stopcock to vacuum, and N; tank. Evacuate; 
heat gently with hand torch to melt the K, slowly admit 
Ne, tapping tube so that the pure liquid flows into the 
small tube; impurities are caught at the stricture. Seal 
off the small tube. (FERNELIUs, W. C., and ScuuRMAN, 
I., 6, 1765 (1929). ) 

Lithium 

12-3s Grow tobacco in soil with and without Li-salts present; 
test the leaves for Li in the ashes; also, for nicotine. 
(Smitu, F. W., 10, 379 (1933).) 

Sodium 

12-4s Handling Na. (a) Heat Na under toluene: large globule 
collects. Store under toluene rather than kerosene. 
(DANGER: DO NOT HEAT Na or K UNDER CCL; 
EXPLOSIVE). (Witson, E. B., 10, 395 (1933).) 

(b) Store in rust-free friction-top metal cans, not in glass. 
Weigh under tared hydrocarbons. Cut pellets with bottle 
capper. Make Na shot by melting Na under kerosene or 
xylene then cooling and agitating just before the freezing 
point of Na is reached. See article for making Na-dis- 
persions. Clean equipment by washing with 10-20% iso- 
propanol in toluene, xylene, or kerosene. Dispose small 
amounts of Na by dumping into isopropy! alcohol. 
(Hawkes, A. S., Hitt, E. F., and Srrria, M., 30, 467 
(1953). 

Solvay Process. 

(a) Perform Dem. 12-8. Filter the precipitate, blot dry; 
heat gently, then strongly to drive off CO: and water: 
Na,CO; forms. Evaporate the filtrate, treat with NaOH: 
shows NH,X present. (Haut, A., 6, 1763 (1929).) 

(b) Bubble NH; and CO, into NaCl-sat.: NaHCO; pre- 
cipitates. (RHEINBoLDT, H., and BeumMeLBurG, L., 9, 
1832 (1932) from Z. phys. chem. Unterricht, 45, 100 (1932).) 
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AtyEA: Dem. 12-8 is simpler. Also see Hooton, A. W., 


10, 437 (1933) for similar ideas. 


Rubidium and Cesium 


12-6s 


Heat equivalent amounts of Ca + RbCl or CsCl in an 
electric furnace at 1000°C. in a sheet-iron tube inside an 
evacuated Pyrex brand glass tube with side-arm leading 
to a trap also with side-arm of 8 mm. tubing: Rb or Cs 
distilles into the trap. Warm above 38°C.: the liquid 
Rb or Cs can be run into the 8 mm. side-arm and sealed 
off for exhibition purposes. See diagram in article. 
9, 1274 (1932).) 


Ammonium 


12-7s 


c. 


Ammonium amalgam. Dip a 1.5 X 10 cm. glass tubing 
into a pool of Hg at the bottom of a 600 ml. beaker; place 
Na»SO,-aq. inside the tube, and (NH,).SO, in the outer 
compartment. Pass 10 volts d.c. between carbon elec- 
trodes for 10 minutes. Remove liquid from inner com- 
partment, add NaOH: shows presence of NH;, and that 
therefore NH,* has migrated through the Hg, forming an 
amalgam, into the inner compartment. (RueeEpy, J. H., 
6, 1767 (1929). ) 


THE COPPER GROUP. Cu, Ag, Au 


Silver 


12-8s Ag in dime. 


12-10s Etching Ag. See article. 


12-11s Silver mirrors. 


Dissolve a weighed dime in dil. HNO, ppt. 
Ag with dil. HCl, boil with Na to ppt. Ag2O, boil with cane 
sugar 15 min. to reduce to Ag, fuse on charcoal to a silver 
button, cool and weigh. FELpMAN, H. B., 26, 225 (1949).) 
Illegal. (Natnan, D., 26, 570 (1949).) 

Reclaiming Ag. See article for recipe; add NaOH, con- 
vert AgoO into Ag by igniting. (WiLLBanks, O. L., 30, 
347 (1953). But Carmopy, W. R., 31, 495 (1954) claims 
it is not profitable, consumes too much NaOH.) 

Use 3% HNOs;-aq. ctg. 0.4% 
NaNO:: mild, self-controlling etch for silver. (Kurz, 
P. F., 33, 625 (1956). ) 

See Dem. 12-19. CAUTION: DO NOT 
STORE AMMONIACAL SILVER NITRATE SOLU- 
TION. Clean glass before silvering as follows. (a) If 
greasy, clean first with KOH-aq. (6) If not greasy, rinse 
with alcohol, then with ether, then with HNO;-aq., then 
warm distilled water. At no time allow glass to become 
dry. (Sticnenmysr, H. L., 9, 1648 (1932).) 

Silver plating. Use 1 amp. per dm.? of exposed cathode, a 
bath ctg. 40g. AgNO; + 560 g. KI + 2.8 ml. cone. 
H.SO, + 1000 ml. H2O, an anode of silver and a cathode 
of sheet copper which has been cleaned beforehand by 
dipping in cone. HNO; until its surface is matted. 
(Aspgor, A. E., 17, 597 (1940).) 


13s. GROUP Il. THE ALKALI 


A. 


EARTH METALS. 
THE ZINC GROUP 


BERYLLIUM 


B. MAGNESIUM 


¢. 


13-1s Quicklime. 


CALCIUM 


Heat powdered marble chips in an iron cru- 
cible, siphoning the evolved gas into limewater: quicklime, 
(CaO) remains; the precipitate of CaCO; indicates CO, is 
the other product. (Wutson, E. B., 20, 302 (1943).) 


13-2s Face mold. Grease a student’s face with vaseline, daub 


with wet plaster-of-Paris; keep quiet 10 minutes; dry; 


Vaseline inside the mold, fill with wet concrete, 
(GriFFout, D. A., 


remove. 
allow to harden; chip off plaster mold. 
8, 909 (1931).) 
Sequestration. (That is, softening water by removing 
multivalent positive ions by negative ions, to the point 
where it suds.) (a) Mix 500 ml. distilled HxO + 9.5 ml. 
CaCl-aq. (10 g. anhydrous CaCl:/liter) + 15.5 ml. of 5% 
Calgon-aq. + a few drops phenolphthalein indicator + 
sufficient NaOH-aq. to produce pink + 10 ml. standard 
soap solution. (b) Ditto, but omit the Calgon. (c) Stir 
both solutions: the former suds copiously, since the Calgon 
sequesters the Ca*+* leaving the Na-soap free to form suds. 
(Dauauerty, T. H., 25, 482 (1948. ) 


STRONTIUM 
ZINC 
CADMIUM 
MERCURY 


13-4s Collection of Hg. Suck up Hg with eye dropper attached 


13-5s Solid Hg. 


to evacuated bottle. Nodemonstration. (BurRKE, W. R., 


23, 309 (1936). ) 
Push two frozen pieces of Hg together: they 


instantly become bonded. (ANon, 27, 209 (1950).) 


13-6s Detection of Hg vapor with SeS. Spread yellow selenium 


13-7s Detection of Hg vapor by UV absorption. 


sulfide on paper, expose to Hg vapor: blackens from a few 
ppm. Hg. (Bartvert, G., 5, 43 (1928).) 

(a) Produce Hg 
vapor by heating cinnabar in Bunsen flame, or blowing 
warm air over Hg in an open dish; pass ultra-violet light 
from a Hg lamp through the Hg vapor to a fluorescent 
screen made of boot-grease spread on paper: the Hg vapor 
absorbs the 2537 A UV light, casting a shadow. (Just, 
E. A., 17, 346 (1940).) 

(b) Shine a Hg lamp rich in 2537 A light upon fluorescent 
silicate or tungstate powder covering a 1 ml. pool of Hg: 
dark clouds appear over the powder as the Hg evaporates 
through the powder and absorbs the UV light. (FRoxEticn, 
H. C., 19, 314 (1942).) 

Pharaoh’s serpents. (For non-mercury snakes see Dem. 
16-2s). \ 

(a) See Dem. 13-21. Hg(ic) gives better serpents than 
Hg(ous). Add KCNS or NaCNS slowly, with stirring to 
Hg(NO;)2 ctg.a small amount of FeCl;-aq. until red color 
persists. Collect, dry white ppt., moisten slightly with 
gum arabic-aq. ctg. a pinch of KNO;. Make pellets by 
packing the moist powder in an 8 mm. tube 10 ems. long, 
and ejecting with a plunger having a cork piston. (Davis, 
T. L., 17, 268 (1940). ) 

(b) For flame add 2 parts ammonium dichromate + | 
part KNO; + 1 part dextrine. Mix this with 6 parts (a). 
(Davis, T. L., loc. cit.) 

Iodo-mercurates. 

(a) Mix equivalent amounts of metallic salts with K-HgI, 
to form iodo-mercurate complexes. (1) AgeHglI,, yellow, 
changes to orange at 51.2°C; darkens in light. (2) Pb- 
(OH),.3PbHgl,, orange-red to yellow at 133.8°C. (3) 
HgHgl; not sharp change to red at 60°C; sharp to orange- 
red at 172.6°C., to deep red at 220.1°C.; melts at 224.4°C.; 
darkens in light. (4) Cue-Hgl,, red to purple-brown at 
66.6°C. (not 71, as in literature); reversible change. 
Make up stirring rods containing (1) and (4); stir hot and 
cold water alternately; ditto with (2) and (3) using hot 
and cold H.SO,. (Meysr, M., 20, 145 (1943).) 

(b) (1) Heat solid + 2CurIe above 100°C.: Hg- 
Cus], forms, black above 75°C., red below this. (2) Heat 
HglI. + 2AgI above 100°C.: AgeHgI, forms, deep red 
above 45°C., yellow below this. (Ferrer, F., Mrranpa, 
L. I., and Suter, H. A., 21, 18 (1944).) 


(Topic 14s. will begin in October issue) 
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* Fully automatic rotor 
(smooth stopping) 
Accommodation { 
flow system* 
| 
Accommodates new apacit 
reter (10,000 X G) 
rotors directly iter 
Model LRA Shown set up for changeable 
continuous flow operation %& Unsurpassed refrigeration effic 
(Cover normally closed) *& Electric tachometer and — onou 


The model LRA is the first automatic refrigerated centrifuge of 
its kind. Like the non-automatic Model LR, it has the newest and 
most efficient refrigeration design ever introduced. By proper 
placement of cutouts, baffles and deflection plates, a smooth 
forced air circulation system - set up. The warm of coming od 
the rotor flows around large surface area cooling coils on the side . 
and bottom of the chamber. Upon emergence in the cooled form, Write for New General Catalog refer to CE68 
the air flows onto all portions of the rotor. This system permits 
the cooling of any Lourdes’ rotor from ambient to 0°C within ten : 
minutes by spinning at slow speed. Rotor temperatures are easily Catalog includes: 
maintained at 0°C and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or for shorter runs. ® Refrigerated centrifuges” 


By merely throwing a toggle switch, a 1 Hp. motor automa- @ Non-Refrigerated centrifuges 
pram A accelerates any rotor to a pre-set speed . Lourdes’ electro- 5 @ Automatic Centrifuges 
ynamic push-button braking system provides for smooth rotor : : 
stopping in a fraction of unbraked stopping time. A time delay © Non Automatic centrifuges 
relay releases the braking action at slow speed and permits the © Continuous flow centrifuges 
rotor stop naturally without disturbing the sediment. This same «~Rotor data 
centrifuge is now available with a Hp. motor drive (Model 
LRA-1) to provide higher speed and force with the smaller rotors. purpose. homegesizer 

@ Volumixer—Large capacity homogenizer 


Each centrifuge comes adapted to accommodate the new 
Lourdes’ continuous flow system at no additional cost. The con- 
tinuous flow rotors with polyethylene liners, in addition to ease of 
operation, assembly and disassembly, also offer fast flow rate, tied 
high speed and force and greater collection capacity than any J—_ Sole distributor in Canada ‘ 
comparable continuous flow centrifuge. New time saving ap- ene Canadian — Supplies Ltd. : 
plications for these roters are being discovered daily. Nae also 4 


Every Lourdes’ instrument is guaranteed for a period of one _ a es 
year and this guarantee insures customer satisfaction. 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES. ESTABLISHED 1944 


LOURDES Instrument Corp. 


53rd STREET & Ist AVENUE BROOKLYN 32, NEW YORK 
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NOW! 
AUTOMATIC Spectrophotometric 
and Electrometric Titrations with the 


NEW 
SARGENT-MALMSTADT 


MALMST AD! 
THTRATOR 


AUTOMATIC 


SPECTRO-ELECTRO 


TITRATOR 


MALMSTADT 
AUTOMATIC TITRATOR 


Designed and manufactured by 
E. H. SARGENT & CO. 
Patents Pending 


$-29700 Spectro-Electrometric Titration Apparatus—Model SE, SARGENT-MALMSTADT.... - $690.00 


For SPECTROPHOTOMETRIC TITRATIONS 


Provides direct automation of most titrations 
now being performed which inherently or in 
conjunction with an indicator: provide a spec- 
trophotometric end point. These include acid- 
base, oxidation-reduction, complex formation 
and some precipitation reactions, indicators 
being available for most of the titrations cur- 
rently performed by manual methods. 


For ELECTROMETRIC TITRATIONS 


Provides new and better facilities to perform 
automatic derivative potentiometric titrations 
as performed by the S-29690 SARGENT- 
MALMSTADT potentiometric titrator. Pro- 
vision is made for the convenient connection of 
simple circuits for constant current potentio- 
metric, ‘polarized electrode ’’ and similar titra- 
tions. 


For complete information contact your nearest Sargent Division or write: Dept. SE, Chicago, Illinois 


SAR CS E- SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © CHEMICA:S 


E. H. SARGENT CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. DALLAS 35, TEXAS BIRMINGHAM 4, ALA. SPRINGFIELD. 
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a recognized symbol for 
QUALITY and DEPENDABILITY 
Laboratory Equipment! 


ELECTRIC OVENS 
STERILIZERS 
AUTOCLAVES 
INCUBATORS 
CENTRIFUGES 

FLASH POINT TESTERS 
WATER BATHS 
PIPETTE WASHERS 
PIPETTE DRYER 
BASKETS & RACKS 
CRUCIBLES 

TEST TUBE WASHER 
VISCOSIMETERS 
FILTER PUMPS 
BURNERS 

CLAMPS 

TRIPODS 


AND MANY OTHER 
LABORATORY ACCESSORIES 


THE First Company IN AMERICA to manufacture and 
stock articles specifically for the sciences, our products today 
reflect the technological experience gained over the many 
years in this field. The trade-mark (B), whenever it appears, 
is your assurance as to the integrity of our offerings. We 
manufacture many special items and your inquiries will re- 
ceive our prompt, serious attention. 


Bulletins on request. 


DISTRIBUTED THROUGH LABORATORY SUPPLY DEALERS 


WM. BOEKEL & CO., Inc. 


PHILADELPHIA 6, PA. 
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INTRODUCING THE WELCH 


ig foPUMp SERIES 


FOR 
VACUUM DISTILLATION AT LOW COST 


Vacuum Distillation is easier be- 
cause Dist-o-Pump operates with 
the patented VENTED exhaust. 


Condensable vapors are removed 
before they become troublesome 
and create a real problem. 


Low original investment and sig- 
nificantly low maintenance cost. 


Quiet Operation 
makes Dist-o-Pump a pleasure 
to use. 


Improves with use 
under normal care. 


The Dist-o-Pump is designed to fulfill the demand for a low cost single stage vacuum distillation pump of 
moderate capacity. It provides dependable pumping action and effectively eliminates the troublesome con- 
densed-vapor contamination of the pump oil. Primarily, it consists of a precision Welch single stage pump 
combined with the field proven Vented Exhaust Feature. 


Simple operation permits the Vented Exhaust valve to remain open until condensable vapors have been 
removed. The valve is then closed to obtain the ultimate vacuum. This valve may be opened and closed 
while the pump is running. 


The Dist-o-Pump can serve as a convenient air pressure source for short periods of intermittent use by replac- 
ing the exhaust dome with the pressure cross fitting. Other convenient features include large easy-to-read oil 
level indicator, easy-to-drain oil chamber and provision for making belt-tension adjustment quickly. 


WRITE FOR COMPLETE LITERATURE ON THIS NEW DIST-O-PUMP 


Visit Our Booth No. 242 
Chemical Exposition, Chicago 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific I ts and Laboratory Apparatus 
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INTERSCIENCE 


new. important and recommended 


TEXTS FOR ADOPTION — 


TEXTBOOK OF POLYMER SCIENCE 
By FRED W. BILLMEYER, Jr., University of Dela- 
ware, E. I. du Pont de Nemours & Co., Inc. 
1957. 526 pages, 185 illustr., 49 tables. $11.50 


SEMIMICRO QUALITATIVE ORGANIC ANALYSIS: The 
Systematic Identification of Organic Compounds 
Second edition, revised and enlarged. 
By NICHOLAS D. CHERONIS, Professor of Chem- 
istry, Brooklyn College, and JOHN B. ENTRIKIN, 
Professor of Chemistry, Centenary College of 
Louisiana. 
1957. 788 pages. $10.00 


THE ALKALOIDS 
By K. W. BENTLEY, Chemistry Department, Uni- 
versity of Aberdeen, Scotland. 
1957. 244 pages. $5.00 


THE REACTIVE INTERMEDIATES OF ORGANIC 
CHEMISTRY 


By JOHN E. LEFFLER, Florida State University, 
Tallahassee. 
1956. 285 pages, 2 illustr., 15 tables. $6.75 


FUNDAMENTALS OF CHROMATOGRAPHY 


By H. G. CASSIDY, Sterling Chemical Laboratory, 
Yale University. 
1957. 465 pages, 85 illustrations, 61 tables. $11.00 


SCIENTIFIC GLASSBLOWING 


By E. L. WHEELER, Department of Chemistry, 
_ University of California, Los Angeles. 
1958. 500 pages, 269 illustrations, 60 tables. $11.00 


OTHER BOOKS OF MAJOR INTEREST — 


ORGANIC SYNTHESES WITH ISOTOPES _ In two parts 
By ARTHUR MURRAY, III and D. LLOYD 
WILLIAMS, Los Alamos Scientific Laboratory. 

PART I: Compounds of Isotopic Carbon 
1958. 1156 pages, 25 illustrations, 8 tables. $25.00 

PART II: Organic Compounds Labeled with Isotopes of 
the Halogens, Hydrogen, Nitrogen, Oxygen, Phos- 
phorus, and Sulfur 
1958. 1100 pages, 24 illustrations, 46 tables. $25.00 


TRACER APPLICATIONS FOR THE STUDY OF ORGANIC 
REACTIONS 
By JOHN.G. BURR, Jr., Atomics International Divi- 
sion, North American Aviation, Inc. 
1957. 301 pages, 11 tables. $7.50 


LABORATORY MANUAL OF BATCH DISTILLATION 
By F. J. ZUIDERWEG, Koninklijke/Shell-Labora- 
torium, Amsterdam, Holland. 
1957. 134 pages, 37 illustrations, 8 tables. $4.00 


THE EFFECTS OF IONIZING RADIATION ON NATURAL 
AND SYNTHETIC HIGH POLYMERS 
By FRANK A. BOVEY, Minnesota Mining & Mfg. 
Co., St. Paul. 
1958. 298 pages, 47 illustrations, 21 tables. $8.00 


LINEAR AND STEREOSPECIFIC ADDITION POLYMERS: 
Polymerization with Controlled Propagation 
By N. G. GAYLORD, Research Laboratories, Inter- 
chemical Corporation, New York, and H. MARK, 
Polytechnic Institute of Brooklyn. 
In preparation for 1958. 


ADVANCES IN CHEMICAL PHYSICS, Volume | 
e First in a new series 
Edited by I. PRIGOGINE, Faculty of Science, Free 
University of Brussels, Belgium. 
1958. 426 pages, 36 illustrations, 34 tables. $11.50 


SURFACE ACTIVE AGENTS AND DETERGENTS, Volume Il 

By ANTHONY M. SCHWARTZ and JULIAN 
BERCH, Harris Research Laboratories, Washington, 
D. C. and JAMES W. PERRY, Western Reserve 
University. 
1958. 856 pages, 26 illustrations, 7 tables. $19.50 
(This book forms.a set with “Surface..Active Agents, 
Their Chemistry and Technology.” 1949. 590 pages, 
51 illustrations, 4 tables. $13.50 


ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 

Complete in 15 volumes 

Edited by RAYMOND E. KIRK, Head, Department 
of Chemistry, and DONALD F. OTHMER, Head, 
Department of Chemical Engineering, both of Poly- 
technic Institute of Brooklyn. Assistant Editors: 
JANET D. SCOTT and ANTHONY STANDEN. 
Each volume approximately 960 pages with numerous 
illustrations and tables. Complete set: $400.00 


First Supplement Volume, devoted to recent advances 
which have been particularly striking. 
1957. 992 pages. $25.00 


See these and many more Interscience books 
at the Chemical Education Book Exhibit, 
Conrad Hilton Hotel, Chicago, September 
7-12. 


INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue. New York I. N. Y. 
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The Coleman Flame Photometer 


COLEMAN INSTRUMENTS, INC., ‘pepT. B, MAYWOOD, ILLINOIS 
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Analyzing for 
odium? Calcium? 


Here’s 
how to do it 
accurately 


quickly, 


easily 


These typical industrial analyses, accomplished 
with a Coleman Flame Photometer, demonstrate a 
speed and precision impossible by classical methods: 


1. Sodium, Potassium and Calcium in Soils— 
10,000 samples per year in an industrial Chem- 
ical Company laboratory. 

2. Potash in fertilizers—96 samples per day, in a 
State agriculture laboratory. 

38. Calcium Oxide in magnesite, brucite and dolo- 
mite ores—120 to 140 ore samples per 8-hour 
shift, in a mining company laboratory. 

4. Sodium and Potassium in such diverse materials 
as silicate rocks, plant tissues, bentonite clays, 
food-stuffs and lubricating oils. 


Find out how a Coleman Flame Photometer can 
save time and money in your laboratory—write 
for Bulletin B-242. 


Recent Sooke 


the layman, which emphasizes princip).s 
and typical applications. In this respe-t 
its British origin should not adversely j11- 
fluence its appeal to American reade:s, 
However, there is so much Americ .n 
literature available, much of it from te 
AEC itself which gives a more comp): te 
picture of isotope usage, that the purch: se 
of this book by teachers cannot be urg: d. 


W.F.K 


SCIENTIFIC CAREERS AND 
VOCATIONAL DEVELOPMENT THEORY 


Donald E. Super and Paul B. Bachrach, 
Horace Mann-Lincoln Institute of School 
Experimentation, Teachers College, Colum- 
bia University. Bureau of Publications, 
Teachers College, Columbia University, 
1957. xii + 135 pp. 14 X 21.5 cm. 
Paper bound. $1. 


TuHE publication of this monograph is 
timely in that it reflects the nation’s 
current preoccupation with the role of 
scientist and engineer in our society. 
Since the treatise deals with the early 
identification of and the quality of edu- 
cation offered to our potential scientists, 
it will be welcomed by those who are 
concerned with the many problems of 
scientific manpower. 

In May 1956 the National Science 
Foundation invited the senior author to 
submit a proposal for a project dealing 
with identification of scientific capabilities 
and with motivation in scientific career 
selection. A bibliography of pertinent 
literature comprising some 229 articles 
was compiled and reviewed. This mass 
of research data was synthesized and 
summarized into the present volume. 

The research literature supports the 
stereotype of the scientist as a lonely, 
socially inadequate, and somewhat with- 
drawn individual who is curious, self- 
disciplined, unemotional, and _ intensely 
devoted to his work. One may well 
question the quality and the validity of 
the research which substantiates such a 
thoroughly discredited conclusion. 

The scientist, the engineer, and the 
mathematician are each analyzed in 
terms of general characteristics, special 
and complex aptitudes and abilities, 
personality factors and character truits, 
and cultural and other factors. In spite 
of the apparent wealth of information, 
much more work needs to be done in this 
area of research. 

Certain conclusions are of value and 
interest to the high school guid: nce 
counsellor. Some examples follow. The 
age of crystallization of scientific interests 
appears to extend from 10 to 14. The age 
at which science interest results in the 
choice of a scientific career appear: to 
range from about 14 to 20. Verbal 
ability of a high order is a requireme it of 
the daily work of most scientists and 
engineers. Superior aptitude for co'lege 
work as judged by high school achieve! nent 
is an essential qualification for scic: tific 
and engineering studies. 
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anew concept in wood-lab equipment for 
modern teaching in schools and universities 
respet 
Americ in 
purch: se many special purpose UN - A 


W. | tures ... more 
flexibility ... 
and more of 
everything at 
lowest cost! 


THEORY 


Sachrach, 
of School 
je, Colum- 
blications, 
Jniversity, 

21.5 cm. 


Write for ‘UNIT. “LAB Catalog 


FREE ENGINEERING SERVICE AVAILABiE © 
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r society, 2 HIGH VELOCITY FUME EXHAUST Fducatione! 
the early Be 3 ACID RESISTING SINK Science 
CENTRALIZED SERVICE PANEL 
sblems of STORAGE CABINET 
7 APPARATUS ELEVATOR 


1 Science 
author to 
dealing 
apabilities 
career 
pertinent 
9 articles 
This mass 
sized and 
ume. 


lf- 
pow: Provides simple, modern way of measuring pH accurately in 


may well — field or laboratory. 
alidity of x eg j Makes it easy for untrained, unskilled persons to learn to 
es such / make pH readings. 
lyzed in presence g age 
ter traits, 
In spite 4 
ormation, 


ne in this % | 


ralue and 
id.ance ¥ 585 Main Street, Chatha: 
interests Instrument size: 35% x24 inches 
The age Case size: 3% x 6% x 4% inches 
ts in the Weight with accessories: 3 ths. 


ppears to Completely self-contained in waterproof ever-ready case with 
. Verbal shoulder strap. 


sets p Eliminates supports and beakers by combining the calomel 
tusts and glass electrodes with the sample holder, in a single 
Spe polyethylene probe unit. 

scie: tific Permits continuous, direct reading of pH with no buttons to 
hold down or dials to turn. 


Analytical Measurements, Inc. 
585 Main Street, Chatham, N. J. 


Please send full information about your pocket pH meter to: 


Name 


Company 
Address 
City State 
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LABORATORY 
FURNITURE 
COMPANY... 


Guaranteed accuracy 
to + 0.0025 mi. 

with 0.1 mi. KONTES 
Precision Grade 
Pipettes 


(See graph below for other sizes.) 


M Precision Grade Pipettes seri- 
ally numbered; supplied with a 
matching numbered Certificate 
which guarantees volumetricac- 
curacies up to +0.0025 ml. for 
the 0.1 ml. capacity, and con- 
formance to NBS specifications. 


@ A complete line of Transfer, 
Mohr, Serological and Ostwald- 
Folin Pipettes—and new Long 
Tip, Large Orifice and Auto 
matic Pipettes. 


@ Full-circle main graduations. 
Continuous intermediate lines 
for easy reading, less parallax. 
Sharp, permanent markings. 


WRITE FOR FREE, 234-PAGE 
CATALOG describing Volumetric 
Wareand all 11,000 technical glass- 
ware items. Use your letterhead. 


(@ummes MOHR AND SEROLOGICAL PIPETTES — LABORATORY GRADE 
PIPETTES ~ PRECISION GRADE 
mma TRANSFER PIPETTES - PRECISION GRADE 


10 15 
Kontes Pipettes are calibrated with extreme care. Tips are gradu- CAPACITY IN mi. 


ally tapered for correct orifice dimensions and effluent tin, e for 
each size. Extreme tip is finely ground at right angles to — 
center line, then beveled. Durable borosilicate glass is 


KONTES 
GLASS COMPANY 


First Choice For Quality In Technical Glassware 
Dept. 126 
Vineland, New Jersey 
Midwest Distributor: Research Apparatus, Inc., Cary, III. 


The precise calibration of the pipette shown here symbolizes the craftsman- 
like approach Kontes takes in every phase of technical glassware manufacturing. 


The authors are quite candid in pointing 
out the shortcomings of the research 
under review. The methods used in 
observing and treating the data are often 
subjective and nonquantitative. With 
rare exceptions the presumed components 
of scientific ability are named or describ.-d 
rather than operationally defined. Many 
studies of scientists have been male 
without the use of control groups. 

Most of the literature reviewed is based 
on the theory of individual - differenc:s, 
This classical approach is concerned 
with individual traits or factors which are 
believed to determine the choice of and 
success in an occupation. ‘If we under- 
stand what makes boys and girls become 
and remain interested in science and 
scientific occupations, and what makes 
them decide to enter those fields, we can 
then organize experiences to which they 
are exposed in ways which permit the 
development of scientific interests and 
the choice of a scientific career.’’ This 
appears to be one answer to the Russian 
incentive system of offering material 
rewards as inducements for pursuing 
careers in science and engineering. Both 
systems appear to be manipulative and 
therefore distasteful but seemingly neces- 
sary due to the nature of the times in 
which we live. This statement itself is 
a measure of the interest in and importance 
of the topic in question. 


ROLLAND J. GLADIEUX 


ELectro METALLURGICAL COMPANY 
Nragara Fanis, New York 


JON EXCHANGE RESINS 


Robert Kunin, Rohm & Haas Company, 
Philadelphia. Second edition. John Wiley 
& Sons, Inc., New York, 1958. xiii + 
466 pp. 229 figs. 76 tables. 16 xX 
23.5 cm. $11. 


Tuis second edition of ‘Ion Exchange 
Resins” supports the saying that each 
discovery stimulates many more. In 
1935 Adams and Holmes first described 
the synthetic ion exchange resins. In 
1950 Kunin and Myers surveyed the 
subject of ion exchange resins in a volume 
of 212 pages with 12 chapters, 104 figures, 
and 615 references. (For review see 
J. Cuem. Epuc. 28, 448 (1951).) Now 
in 1958 Kunin has reviewed his ever- 
expanding subject in a volume of 466 
pages with 17 chapters, 229 figures, and 
1170 references. 

The plan of the second edition is very 
similar to that of the first. The 12 
original chapter headings are unchanged. 
Five new chapters are formed with 
material treated less extensively beivre: 
namely, ion exchange treatment of sugar 
and glycerine, hydrometallurgical appli- 
cations, permselective membranes, ¢:tal- 
ysis, and stability of the resins. Major 
emphasis is placed upon the properties 
and large scale uses of the ion exchange 
resins. These include the synthesis, sta- 
bility, and capacity of the resins, the 
deionization of water and of various 
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UCATION 


FOR IMMEDIATE 
DELIVERY 


Sartorious Selecta “Rapid’’ Balance single 
pan—air damped—with symmetrical beam 
offering constant sensitivity regardless of 
load—Mechanical weight selection 0.1 to 
199.9 grams—Pan Diameter 90 mm. 


Capacity 200 grams, Sensitivity 


“Semi Micro” Model 
Capacity 100 grams, Sensitivity 
WEIGHING TIME 15 TO 25 SECONDS 


NEW ULTRA RAPID MODEL 

Capacity 200 grams, Sensitivity 1 mg, me- 
chanical weight selection 1 to 199 grams. 
WEIGHING TIME 3 SECONDS. Price. $890.00 


Note: Explosion Proof and Fume Proof weighing chamber 
are available at slight additional cost. Descriptive bro- 
chure will be sent upon request. 


ALL PRICES FOB DELIVERED CONTINENTAL 
U.S.A. 


Vente 


LABORATORY APPARATUS e BACTERIOLOGICAL AND 
CHEMICAL GLASSWARE e INSTRUMENTS AND REAGENTS 


IRVINGTON-ON-HUDSON, N. Y. 


Improved APPARATUS, 
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© TEMPERATURES TO 30°C 
NO EXPOSED COILS 
© LARGE CAPACITY REFRIGERATION 


Precisely controlled temperatures from —30°C to 
+ 50°C; with reduction volume, —40°C is obtain- 
able. 


WALL COOLING is employed rather than a coil! Heat 
transfer is spread over a large area and consequently 
there is a minimum temperature differential. Faster cooling 
or heating. — opening. No room is lost to a coil and 
diffuser panel. 


VERSATILE WACO BATH is used as a reaction site for 
organic syntheses, as a bath for the determination of physi- 
cal constants, for bio-chemical procedures, ASTM tests, 
etc., for supplying constant temperature circulant to vis- 
cosimeters, refractometers, etc. 


hermetically sealed compressor is used. An 
justable magnetic-setting mercury thermoregula- 
tor ceauilien temperature control of +.05° C. Heating 
element permits operation above room temperature. In- 
side dimensions are 29” long x 14” wide x 10” deep. Aill 
controls are conveniently arranged at one end. 


@ 884 WACO Refrigerated Bath, for 115 volt, 
t 


#IC 884-1 WACO Refrigerated Bath, same as 
#884 but with built-in centrifugal pump, deliv- 
ering 5 g.p.m. at zero head 


Many modifications have been supplied. We CUSTOM BUILD to 
YOUR specific application and YOUR requirements, as to dimensions 
and operating range: 


WRITE FOR BULLETIN JC-9 


LABORATORY SUPPLIES AND CHEMICALS 


4325 W. DIVISION ST., CHICAGO Bt, 


| REFRI | 
‘ 
REFRIGERATED BATH 
Nw 
at 
j 4 3 2 
ag 
= 
WILKENS-ANDERSON CO. 
. : ¥ 


THE 


Che Preferred 

GLASS COAXIAL SYSTEM FOR 
EXTERNAL REFERENCING OF N.M.R. 
HIGH RESOLUTION SPECTRA 


The advantages of external referencing procedures in nuclear mag- 
netic resonance high resolution spectroscopy can now be fully realized 
through the use of the Wilmad NMR Cell. It is the only cell to give consis- 
tently reliable results in the coaxial spinning system. 

The coaxial spinning system was developed for external referencing 
procedures in order to subject the sample and the standard to a common 
effective external magnetic field. It was found, however, with this system 
that imperfections in the coaxial glass tubes caused line broadening and 
field shifts which impair the reliability of. results. Certain line broadening 
phenomena occurred due to the imperfections in standard glass tubing. Ex- 
perimental measurements also show that even in selected standard glass 
stock, field shifts were often as large as 1 part in 107. But by utilizing the 
extreme precision of the Wilmad NMR Cell, line broadening and field 
shifts were negligible. 

For details on the coaxial spinning system, write for the American 
Chemical Society paper, “Standardization of N.M.R. High Resolution 
Spectra” by Dr. J. R. Zimmerman and M. R. Foster. 


Recent Sooke 


The coaxial spinning system consists of two 
precision glass tubes mounted coaxially in a 
spinning apparatus. The sample is placed in 
the inner tube (A) and the reference standard 
is placed in the region between the two tubes 
(B). In this manner, both the sample and the 
standard can be subjected to a common external 
magnetic field. Imperfections in the glass can 
cause error. Spinning the tubes rapidly helps limit the errors, but even then all 
particles do not experience the same average field. Only with the perfection 
of the Wilmad NMR Cell do errors attributable to the glass become negligible. 
The air-propelled spinning device designed to rotate the coaxial cell at 5000 
r.p.m. is also available from Wilmad Glass Company. 


THE COAXIAL NMR CELL IS MANUFACTURED EXCLUSIVELY BY WILMAD 
GLASS COMPANY UNDER A LICENSING AGREEMENT WITH MAGNOLIA 
PETROLEUM COMPANY. 


WILMAD GLASS CoO.,INC. 
LANDISVILLE, N. J. 
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nonionic substances such as_ glycerine 
and sugar, the isolation of various ior ic 
substances such as uranium, and t'e 
engineering aspects of the use of iin 
exchange resins. The analytical ad 
biochemical applications treat 
briefly. Astonishingly, there are no r.{- 
erences to the isolation of the synthe ic 
transuranium elements by ion exchanye 
chromatography, a series of separaticns 
that have not been achieved in any ot} er 
way. 

This second edition illustrates ag: in 
the great contribution of the ion «x- 
change manufacturers to research and 
progress in basic science through the 
production of standardized, stable resis, 
Even the preparation of this book has 
had the support of a leading producer 
of ion exchange resins. 

All students, teachers, engineers, and 
practica! workers who are interested in 
the phenomenon and application of ion 
exchange will find this second edition 
an invaluable introduction and guide 
to the subject. 


HAROLD H. STRAIN 
ARGONNE NATIONAL LABORATORY 
Lemont, 


CHEMICAL ANALYSIS. VOLUME 8: 
COLORIMETRIC DETERMINATION OF 
NGNMETALS 


Edited by David F. Boltz, Wayne State 
University, Detroit. Interscience Publish- 
ers, Inc., New York, 1958. xii + 372 
pp. 16 X 23.5 cm. $8.50. 


Tus is definitely a long awaited and 
welcome edition in the ‘Chemical 
Analysis Series.”” Although it has been 
mentioned: by the editor in the preface 
that it is a supplemental volume of Pro- 
fessor Sandell’s ‘‘Colorimetric Determina- 
tion of Traces of Metals,” the present 
volume is complete in itself. 

In Chapter I the theory of measure- 
ment of radiant energy has been de- 
scribed after a short introduction to the 
basic concepts of radiant energy. Pes- 
sibly it would have been better to show 
the usefulness of the Ringbom plot in- 
stead of just mentioning it. The short 
discussion on instrumentation gives a 
general idea. The broad principles of 
methodology have also been discussed 
here. The elements dealt with in this 
book are phosphorous, silicon, nitrogen, 
chlorine, bromine, iodine, fluorine, sulfur, 
tellurium, selenium, and boron. 

The chapter on phosphorus is excellent. 
The chapter on nitrogen in accord nce 
with its importance occupies almost one- 
fourth of the entire book. The various 
modifications of Kjeldahl methods ‘ave 
been discussed elaborately. The de 
scriptions of actual procedures are s me- 
time too short. Otherwise, this ch:pter 
covers a wide range of materials and 
the analyst will find it very handy. The 
reviewer does not know when the n inu- 
script was completed. The oD 
chloride does not include the exc: ‘lent 
method for chloride developed by ‘Vest 
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treat d 
ete z Working Manual with methods and extensive 
exchan ye bibliography prepared as a result of research at 
paratic ns Battelle Memorial Institute is provided with 
any otl er each unit. Copies are free upon request. 
tes agin 
Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
resis, needed for continuous duty and the versatility re- 
book has ics quired for research. Ammeter, voltmeter, polarity 
pains un reversing switch and power control knob are provided 
eers, and f me for each position. Front is stainless steel; sides are 
rested in ; finished hammertone gray. Operates from 115 
a ix Ba : el or 230 volt, 60 cycle AC. Unit measures 2914” by 


nd guide if iy woe 14144” by 1645” deep. Ask for Bulletin 130-S on 
Eberbach Electro-Analysis Apparatus. Price $490.00 


Fberbach 


CORPORATION 
| P.O. Box 63 Ann Arbor, Michigan 
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Griffin 
[CATHETOMETER 


r to show 
1 plot in- S 31-950 
The short 
gives a This fine quality cathetometer 
nciples of offers new economy combined 
barrage with high precision. It is a 
sturdy instrument, sufficiently 
‘ag strong for constant duty and 
yet of research accuracy, at 
excellent. a price which makes it at- 
cord ince tractive in all fields of use. 
most one- 
e various * Vernier reads to 0.01 mm 
1ods ave 
The bo Range 100 cm Manufactured in England by 
is ch pter scale engine GRIFFIN & GEORGE (SALES) LIMITED 
4 The ed mm Ealing Road, Alperton, Wembley, Middlesex, England 
os ‘ - Level sensitive to 10 seconds Marketed in the United States by 
apt«' 0 * 
For vertical or horizontal use THE EALING CORPORATION 
uy We with rack and Box 90, Natick, Massachusetts 
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and Coll (Anal. Chem., 27, 1221 (1956)). 
Among the methods for the isolation and 
stabilization of sulfur dioxide that, based 
on the formation of disulfitemercurate 
(Anal. Chem., 28, 1816, (1956)), should 
have been included. The reviewer feels 
that although cyanide and thiocyanate 
are not nonmetals, they could have been 
included in this book as special cases 
along with the halogens. 

The analyst will find varied and exten- 
sive use for the book. All through the 
book is easyreading. The traditional 


CHEMISTRY OF THE STEROIDS 
W. Kline, Reader in Biochemistry, Uni- 


versity of London. John Wiley & Sons, | 


Inc., New York, 1957. 216 pp. 13 xX 


19 cmy $3.50 


Tuis book is intended to serve as a 
companion to J. K. Grant’s volume on 
the “Biochemistry of the Steroids” which 
is now in preparation. The book is 
written in such a style that a non-special- 
ist (with one year of organic chemistry) 
can read and obtain a knowledge which 
will better enable him to discuss his prob- 
lems with chemists; it also offers a good 
review for organic and biological chemists. 


high standard of the publisher has been 
maintained in the get-up of the book. 


BUDDHADEV SEN 
Louisiana State UNIVERSITY 
Baton Rovae, Louisiana 


An interesting historical outline is 
included in the introduction. Sterio- 
chemistry is well covered and emphasized 
throughout the book; configurations are 
depicted in a clear and simple manner. 


The MICRO-WARE Universal Apparatus 


nothing matches it for... 


Here is a compact seven-piece as- 
sembly which can be arranged for 
refluxing, distillation, separation, 
filtration and extraction. Made with 
interchangeable joints, it can be sei 
up for several operations without 
vessel-to-vessel transfer and result- 
ing loss of material. 

Complete Universal Apparatus 
of seven pieces includes two pear- 
shaped flasks, 25 ml. All parts have 
® 14/20 joints and are suitable for 
50 to 1000 mg quantities in micro 
preparative work. 


MICRO-WARE Makes America’s 
Most Complete Line of 
Micro and Semi-Micro 

Instruments and Apparatus 


* Functionally proved by leading universities 
%* Designed for needs of research laboratories 
%* Time, space and money-saving 


Price $ 95 i. and remember our 
ZY low-cost a tus fe 
Complete 29 student ue 


Send for free 24-page, illustrated 
Micro-Ware catalog with prices, 
the most complete in the field. 
*Ref.: Vol. VI "Micro and Semimicro Methods, Tech- “4 


nique of Organic Chemistry,” Interscience Publ. Inc. 


“AMERICA’S MICRO SPECIALIST’’ 


MICRO-WARE, INC. 
VINELAND, NEW JDRSEY 


MICRO-WARE 


Nomenclature is briefly discussed anq 
references are made to older and sinj. 
trivial systems of nomenclature. [m. 
portant physical and chemical properties 
are presented in some detail. Seventy. 
eight pages are devoted to the naturally 
occurring steroids. The last chxpter 
describes methods used in the separation 
of steroids. Several tables are yivep 
which contain valuable information op 
symbols, physical and chemical prope: ties, 
and some of the natural sources. The 
eight pages of references given at the end 
of the book are chiefly to some o/ the 
important reviews. Standard refernces 
are included in the preface. 


ARTHUR W. DI-VoR 
Onto State UNIVERSITY 
Cotumsvus, Ox10 


LIBELLUS DE ALCHIMIA: ASCRIBED 
TO ALBERTUS MAGNUS 


Translated by Sister Virginia Heines, 
Professor of Chemistry, Nazareth College 
Louisville, Kentucky. University of Cal. 
ifornia Press. xiii + 79 pp. 145 x 
22.5cm. $3.50. 


Cuemists and students of chemistry are 
usually handicapped in making even 4 
cursory examination of chemistry’s past 
because of their inability to read medieval 
Latin. Most of the important chemical 
and alchemical tracts of medieval and 
renaissance times were written in Latin 
While some of the early Latin texts have 
been translated, many of the most im- 
portant have not. Sister Heines has done 
a great service to the history of chemistry 
and alchemy by presenting an excellent 
translation into English of the ‘“Libellus 
de Alchimia.” 

Albertus Magnus, who lived from 1193 
to 1280, was perhaps the outstanding 
scholar of the thirteenth century in th 
field of natural sciences. His interest 
covered astronomy, minerology, botany, 
and the transmutation of metals—al 
chemy. 

Albertus’ little book on alchemy maj 
actually be considered to be a_ pocket 
handbook of most of the chemical reactions 
known at the time. While purported) 
devoted to alchemy, the bulk of the 
writing has to do with straight chemical 
technology. 

This work, which has been ascribed t0 
Albertus Magnus and which was probably 
modified by other writers has appeared 
in many manuscripts and in two Latin 
editions of Albertus’ works. Sister Heines 
translation is from the well-known Borgnet 
edition. 

Sister Heines has taken pains in trans 
lating the work into English to transml 
to the reader the flavor of Albertus’ Latit 
writing. The copious notes that the 
author has added makes the litt!e boo 
understandable even to one who is nots 
specialist in alchemical literature. 

This volume should make a welcomt 
supplement to the histories of chemist 
normally studied by students. Th 
wealth of technical information concert 
ing chemical processes apparently know) 
to the adepts of the middle ages 1s amar 
ing. It is short enough not to bore am 
yet is complete and detailed enough 
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Finest Quality | 


NEW! SAFETY 


REAGENT 


DISPENSER 


%* The Safe Way to Handle Acid 
% Unbreakable, Ail-Polyethylene 
* Instant, One-Hand Control 

*% Easy to Clean 

% Compact, Space-Saver Design 
* Fits Standard 5-Pint Bottle 


This amazingly simple new Pioneer Reagent 
Dispenser solves just about every problem 


Rinco Rotating 
Vacuum-Type Evaporator 


Speed evaporation of solvents of low volatil- 
ity four or five times—varying with solvents. 


Adaptable for volumes of 1 ml to 500 ml. Utilizes the 
principle of the spreading out of a thin film over large area 
and subjecting to negative pressure. Can be used in single 
or multiple units. At 20°C, 30 ml of water will be evaporated 
in 30 minutes. Especially useful with biological extracts or 
heat-sensitive compounds; will operate faster with increased 
temperature, if sample permits. Consists of a monel metal 
shaft with a F 19/38 joint at lower end. Shaft rotates on 
oilite bronze bearings; Teflon ring seals; monel metal hous- 
ing. Use with standard pump and trap, or standard aspirator. 
Flasks rotate at 93 r.p.m. 
39474—Rinco Rotating Vacuum-Type Evaporator, with ¥ 

19/38 joint to accommodate small flasks, such as 50 ml; 

with induction type motor; for 115 v., 60 cycles, A.C. 

$114.50 
39475—Rinco Evaporator, with brush-type motor. . $96.50 


80820D— Adapter, “Pyrex” Brand, for adapting 19/38 joint 


ibed to 
od common to laboratory handling of reagents. of Rinco Evaporator to larger flasks, having a 7 24/40 
as appeared The simplified, one-hand operation provides joint, each $1.83 
a two Lat Positive-control _sStops flow when you New Rinco “Solvent Recovery Condenser” 
‘ister Heines want it to. Contaminant-free delivery at ‘ 
own Borgne the rate of approximately 1000 ML / Valuable accessory to Rinco Evaporator. Connects to flask 
. of Rinco Evaporator with standard taper ground glass joints. 
‘ins in trans Rotates with evaporating flask. Recovers in excess of 75% 
to transmit PRICE of solvent. Increases speed of evaporation 2 to 3 times. 
yertus’ Latio Easy to cool with cold water or ice. Protects vacuum pump 
=) ow a Each 3.75, Doz. @ 3.50, Case (36) @ 3.25 and system from corrosive solvents. 
2 little book : 
: 39477—Solvent Recovery Condenser, standard size, 1000 
3 t Throug houses direct 
ml, with 500 ml working capacity, 24/40 ground glass 
er entalog of complete line. joints, (Other sizes available on request) Each. . . . $16.00 
a welco Minimum order, $10.00. 
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For Reduction of Ores; Manufacture of oiefins, waxes, 
methanol, higher alcohols, organic acids, esters, 
aldehydes; Reducing atmospheres in heat treatment of 
metals; Metals refining. 


Now—at Higher Purities! 


Matheson O 


Convenient ready-to-use, compressed 
Carbon Monoxide in 5 cylinder sizes 
Minimum Purity: CP 99.5%; Commercial 98% 


Simplify your gas usage problems with safe, easy-to-use 
Matheson compressed gases. 76 gases plus custom 
mixtures. Flow and pressure controls individually tailored 
for each gas and your needs. Our Sales Engineering 
Department will be glad to recommend compressed gas 
systems to suit your requirements. 


The Mathes Company, Inc. 


Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


730 


List Price 


W/O ATTACHMENT WEIGHTS 


CAPACITY 2610 Gram SENSITIVITY 0.1 Gram 


++ ++ATTACHMENT WEIGHT SET #707 
This handy weight rack fits under base of scale. 
Extends capacity to 2610 Gram. List price $5.00 


for complete 
information write for 


FREE bulletin . . SCALE CORPORATION 


ITOSO COMMERCE AVE. 
UNION, NEW JERSEY 
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furnish the student with a typical and 
important work on alchemy from the 
middle ages. 

Credit is due especially to the Unj- 
versity of California Press not only for 
publishing Sister Heines’ work but also 
for taking pains to present the book ip 
an attractive and readable form. 


SIDNEY M. EDELS'EIN 
DextTER CHEMICAL CORPORATION 
New York, N. Y. 


METHODEN DER ORGANISCHEN 
CHEMIE. BAND I: ALLGEMEINE 
LABORATORIUM-SPRAXIS. TEIL I 


Edited by Eugene Miiller. Fourth edi. 
tion. Georg Thieme Verlag, Stuttgart, 
1958. xliv + 1048 pp. 57 figs. 185 
X 26cm. $46.90. 


PHILOSOPHERS in dealing with the basic 
kinds of individuality suggest that there 
are six fundamental attitudes toward: 
life: esthetic, social, theoretic, religious, 
political, and economic. They reckon not 
with the vibrant and assertive organic 
chemists who have lost their minds over 
gadgets of the utmcest complexities which 
enable them to do the simplest exper 
ments. - These men live outside th 
ordinary realms of esthetics; they ar 
unsocial, untheoretic, and irreligious, if 
the Golden Rule: ‘Thou shalt not steal 
thy neighbor’s Variac”’ is valid; they 
observe neither the political nor economic 
factors in an organization, but gladly 
yield up their future in a power struggle 
with the director over an unneeded gadget. 
This mania is widespread. Hence, it is 
that any book on laboratory techniques 
will be subject not only to more, but toa 
greater variety of criticism than books 
on other aspects of chemistry. This 
volume is no exception. 

Perhaps the only grounds for examin: 
tion then are the number and variety o/ 
techniques considered and whether the 
descriptions are developed beyond the 
elementary level. The first 130 page: 
of this volume embrace eight sections 
dealing with information about materials 
used in laboratory apparatus. The chem- 
ical and physical properties of a variety 
of glasses, ceramic materials, metals, 
plastics, cements, and adhesives art 
described in detail. 

The remaining portion of this volume 
surveys the general methods of sepurating f 
organic compounds. About 20 differen! 
techniques are described. Decantatior, 
filtration, and ultrafiltration; elutriation, 
clarification, and decoloration; filte 
presses; breaking of emulsions; extraction; 
crystallization; use of inclusion col- 
pounds; separation through formation 0 
complex double compounds; emp!oyment 
of adsorption techniques in liquid and 
gas phases; isolation with ion echangt 
resins; redox resins; centrif\:gatiol 
dialysis and _ electrodialysis; «lectr 
phoresis; drying; distillation; 
ration; and sublimation are the ;rincip! 
topics ‘considered. 


(Continued on page A418) 
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GOW-MAC 
HIGH POSITIVE COEFFICIENT 


RESISTANCE FILAMENTS 


For Repair, Experiment and Instruction in 


® GAS ANALYSIS BY T/C 
@PIRANI GAUGES ¢ ANEMOMETERS 


TYPE 9225 FILAMENTS (AVAILABLE IN MATCHED 
PAIRS) AMBIENT RANGE: —250° TO OVER 300°C. 


Inasmuch as it would be possible to 
write a monograph on most of these topics, 
the authors displayed good taste in 
omitting the elementary descriptive de. 
tails, and the innumerable instrume::tal 
variations, but rather focused their at- 
tention on the basic principles involved 
in each of these operations. For the 
most part the literature is surveyed up to 
1956 although for the sections on inclusion 
compounds, redox resins, and evapo- 
ration the coverage is up to 1957. Some 
idea of the extent of the development of 
these topics may be gathered from the 
fact that over 5000 entries are listed in 
the subject index, and there are over 
3600 entries in the auther index. 

This volume of ‘‘Methoden der organ- 
ischen Chemie” should receive generous 
recognition as a comprehensive reference 
work; it will be of value to research 
=t I workers in both university and industrial 
= laboratories. 


GEORGE HOLMES RICHTER 
Tue Rice INstTITUTE 
Houston, Texas 


34 3 
ee Other Gow-Mac Products 
CURRENT IN AIR Portable and Panel 


FORM (OHMS) AT ROOM TEMPERATURE Instruments mo 


(MILLIAMPS 0.C.) Pate 
TUNGSTEN HELIX 20 30 150 $10.00 e Power Supplies 


on ¢ Thermal Conductivity pean Federation of Chemical Engineers, 
TUBE NUTS AVAILABLE. CAT. No. 9611 (Brass)...Price Per Pair .50 Cells (Hot Wire and Pergamon Press, New York, 1957. viii + 


evacincrer eit Thermistor) | 200 pp. 107 figures. 19 X 25.5 cm. 
VISIT BOOTH 1508 GOV) SAAC $12.50. 
INSTRUMENT Co. No, chemical reaction engineering 


PHILADELPHIA, PA. 100 KINGS ROAD, MADISON, NEW JERSEY —Tel. FRontier 7-3450 | is not a new kind of chemical engineering. 


This title was given to the twelfth meet- 
MAINTENANCE 


® ing of the European Federation of Chem- 
resists acids 
Vulcathene 


ical Engineering held at Amsterdam in 
1957 which sponsored the first European 

symposium on chemical engineering. 

Thi jum i in this book. 

tough, horn-like Polyethylene . . . practically unbreakable 

NEW Vulcathene sinks 
complete perfect drain systems 
for laboratories 


Papers are printed in English, French 
(1 paper), and German (4 papers). 
“Chemical reaction engineering is a 
part of chemical engineering in general. 
It is a new branch of science which is 
still in the development stage. It aims 
at controlling the chemical conversions 
on a technical scale and will ultimately 
Non-corrosive: > lead to appropriate and successful re- 
All surfaces actor design. An important part is 
remain smooth al Be p played by various factors, such as flow 
under extreme > _ phenomena, mass and heat transfer, and 
corrosive it ‘ —— i reaction kinetics. It will be clear that 
conditions. it is necessary to know these factors 
Chemical Resistance: ee separately. Yet this knowledge in it- 


Resists all alkalies 
and most 
strong acids. 


Solvent Resistance: 
Virtually insoluble 
in all organic solvents. 


We invite your request for more 
detailed information about Vulcathene 
equipment and installations. 


Vulcathene 


625 S. GOODMAN ST., ROCHESTER 2, N. Y, 


S'ION-OF THE NALGE CO INC 


Easily put together 
with threaded couplings 
or socket welds (polyfusion*) 


@ 


self is insufficient. The development 
of chemical conversions on a_ technical 
scale can only be understood from the 
relation and interaction between the 
above-mentioned factors. This relation 
and interaction will be the main theme 
of the symposium on chemical reaction 
engineering.” 

Our European colleagues in the chenm- 
ical, or process, engineering field are 
very fundamental in their attack on 
problems. This symposium gives ‘heir 
views on industrial kinetics or process 
rates. Everyone interested in this ield 
will want to study this collection of ps pers 
by European authorities in the field. 


KENNETH A. KOBE 
UNIVERSITY oF TEXAS 
Austin, Texas 
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SAUTER 


ANALYTICAL BALANCES 
ASSURE 


Performance 
Reliability 
e Constancy 
in the 
modern laboratory 


Anew, fully illustrated twenty page brochure 
designed to help you select the balances best 
suited to your weighing problems is available 
without obligation. 


Write for Brochure 


AUGUST SAUTER OF NEW YORK, INC. 
866 Willis Avenue 
Albertson, L.I., N.Y. 


CONTROLLED HUMIDITY CABINETS 
* 


CONTROLS HUMIDITY 
*20 to 99% + 2% 


CONTROLS DRY BULB 
Room to 85°C.+ 1°C. 


MEETS MOST JAN., 
MIL., ASTM, NEMA 
HUMIDITY TESTS 


HIGH HUMIDITY 
WITHOUT CONDENSATION fi 


4 STANDARD SIZES to 
serve the needs of research 
laboratories requiring ex- 
tra capacity. Fully auto- 
matic in operation; easy to 
install and operate. 


Write for Complete Data 
Full range controlled hu- 
midity cabinets available 
with mechanical refrigera- 
tion, programmer-recorder 
controller. 


BLUE M ELECTRIC CO. sir sano 


MANUFACTURERS AND DESIGNERS OF COMPLETE _ 
TEMPERATURE CONTROLLED EQUIPMENT 


MECHANICAL HAND 


Apparatus Clamp 


An apparatus clamp that always provides convenience 
and positive grasping power. ONE STYLE and 2 
SIZES meet every clamping requirement. The NYLAB 
Mechanical Hand can firmly grasp, with equal effi- 
ciency, any object from a thin wire to a condenser or 
flask. Adapts to and holds all conventional shapes. 


The most versatile laboratory clamp yet designed! 


Bird's-eye-view showing the exclusive swivel feature of 
Mechanical Hand .... A new type of V-Block mounting 
provides complete angular adjustability . . . . Flip-over 
clamping arm (one side for small objects—the other side 
for large objects) adjusts for apporatus up to 3%” 
maximum diameter. 


Constructed of a strong, corrosion resistant aluminum alloy 
with small parts of stainless steel. 
Large size 


Small size 

Range: 0 to 24%," Range: 0 to 34%,” 

Catalog No. 22990-6 ae" No. 22990-10 
75 


$4.25 


Write for further detailed information. 


> 
New York Laboratory Supply Co., Inc. 


76-78 VARICK STREET NEW YORK 13.N_Y 
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Acenaphthylene; Acetobromo: 
3-Acetylpyridine; 
Aconitic Acid; Acridine Hydrochloride; 
‘Adonidine; A ines, Alkaloid, 4-Amino 
Arachidonic Ac’ 
Bacitracin; = Carbo- 
eryst.; Cell Cerotic Acid; 
B.Chloralose -Chloroanil lidophos- 
Cholestero sters; Circula- 
ol Columbiam Chloride, 


eascorbic Acid; 
Dieluric Acid; 
1 Fluorophosphate; Dithiol, 
Erucie Acid; 
thylpyridinium 
Glycylleucine Glycyl Hex 
Acid; a-Hydroxyphenazine; ydroxystearic acid; etamide; 
o-lodosobensole Ac id; Isoascorbic Acid; Isocitsic Acid; Isocytosine; 
ic Acid; Leucylglycine; Leucyltyrosine; 
Lianocere Lithiom Amides Acid) Menthol Glucwon- 
jopropionic Ac Mescaline Sulfat 


Ask us for others! 


DELTA CHEMICAL WORKS nc. 


23 West 60th St. New York 23,N.Y. 
: Telephone PlLaza7-6317. 


120 


OF LABORATORY INSTRUMENTS AND SUPPLIES 


Lists many new items for general science, biology, 
chemistry and physics with up-to-date prices and 
eight pages of order blanks. Special sections de- 
scribe semi-micro chemistry equipment and modern 
easy-to-use projection apparatus. Write today (on 
school letterhead) for your copy. 


Cenco, the leading manufacturer of instruments for laboratories 


CENTRAL SCIENTIFIC CO. 
1748E Irving Park Road Chicago 13, illinois 


inside, N. 3. 
Boston Santa Clara Los Angeles Tusa 


Photometers 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


| 
KLETT SCIENTIFIC PRODUCTS———_— 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETEH NEPHELOMETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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hill-Chaser. 
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AUTOMATIC ELECTRIC IMMERSION HEATER 
acid resisting Stainless Steel Heating Element 


A UNIQUE LABORATORY INSTRUMENT 


Automatically maintains desired temperature 
within +1° F. Just set the dial. Specially de- 
signed, built-in Thermostat does the rest. Liquid 
absorbs all the heat generated; none is wasted. 


[THOUSANDS IN DAILY USE! 


SAFE +-CONVENIENT - ECONOMICAL 
FULLY GUARANTEED FOR 1 YEAR 


* Completely portable 
* Fully insulated against electric shock 
* “Finger Grip” plastic handle never overheats 
* Safety cut-out operates when instrument is out of liquid 
* No danger of burning out element—no fire hazard 
* No special wiring required ¢ Economical to operate 
* Plugs into any 115V-A.C. (only) outlet. 
Also available for Photo & X-Ray developing tanks. 

Immer- 

sion 
Length 


Operating 
Wattage Range 


140°-212°F 
150°—212°F 


| 
| 
| 105°-212°F | 5” 


Models S-1020 and S-1040 have built-in ground wire—an addi- 
tional safety factor. Because of finger-grip, over-all length of all 
units are 4” a than listed immersion iota. O. D. o! 

and crossbar 21/44”. 

if your laboratory equipment dealer cannot supply ‘you, we will 
gladly ship direct. 


ir its field! 
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429 East 164th St. New York 56, N. Y. 


COLLEGE, UNIVERSITY AND INDUSTRIAL 
LABORATORY! 
Perfect for student dorms’, too! 
Luxo Lamps provide proper lighting where needed 
on the lab table, instruments, drawing board, 
equipment, desks, etc. 
Luxo Lamps direct all the light where you 
want it. With finger-tip ease you raise, lower, 
extend, turn or tilt to any angle... get the 
desired focus and direction. 


Comfortable to work under, too, because 
you get glare-free illumination—no reflec- 
tions or disturbing shadows. 


Used in institutions throughout the world! 
Order from your laboratory supply o—~ 


or write for catalog and details. UL 
CSA approved. 


LUXO LAMP CORPORATION 


SAN FRANCISCO, CAL. TUCK AHOE, N.Y. montrear, quesec 


FARRAND. 


ELECTRON MULTIPLIER 


PHOTOMETER 


For Use in- 
COLORIMETRY 


@ Sensitivity — selective over a wide range @ Photomultiplier tubes — interchangeable MICROSCOPY 
@ Linear and stable response @ Compact and simple to operate FLUOROMETRY 


® Detectable flux—as low as 4x10-10 lumens 


TRACE 


Bulletin No. 804 Sent Upon Request 


FLAME 
PHOTOMETRY 
ETC. 
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EVERYTHING 
IN SCIENTIFIC 
INSTRUMENTS AND 
LABORATORY SUPPLIES 


available quickly... 
when you specify 


CENCO* 


and Warehouses at: 


Mountainside, New Jersey 
237 Sheffield Street 
ADams 3-2000 


Cambridge 42 (Boston), Mass. 
79 Amherst Street 
TRowbridge 6-3400 


Birmingham 4, Alabama 
3232 Eleventh Avenue, North 
FAirfax 4-2433 


Chicago 13, Illinois 
1700 Irving Park Road 
WEllington 5-8600 


Los Angeles 22, California 
6446 Telegraph Road 
RAymond 3-6141 


Santa Ciara, California 
1040 Martin Avenue 
CHerry 8-1600 


Tulsa 20, Oklahoma 
621-23 E. 4th Street 
Gibson 7-8141. 


Houston 3, Texas 
2215 McKinney Avenue 
CApito!l 7-5358 


CENCO the most complete line of scientific Ine 
struments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC co. 


1718-E Irving Park Road « Chicago 1 


99.9999% Pure Water 
For Class Use 


The D-Ion Master Cabinet Model de- 
mineralizer offers a practical solution to 
the problem of supplying chemistry 
classes with ion-free water in adequate 
quantity. tes need for water 
stills—Large savings in time and equip- 
ment. No storage tanks are required as 
water is available instantly at flow rates 
up to 100 gals. per hour. is unit 
houses a purifying cell of mixed bed ion 
exchange resins. When built-in purity 
light shows resin is exhausted, cell is re- 


DEMINERALIZED WATER 

From Trickles to Torrents 
TABLE MODEL—An exceptionally conven- 
ient laboratory demineralizer, featuring flow 
rates up to 60 gals. per hour. Continuous 
flow, instant connection to laboratory faucet. 
Has direct reading purity meter and choice of 
two kinds of resin refills to supply deminera- 
lized water for any n $59.50 


Write for descriptive literature— 
er models also available 


ION EXCHANGE 


6817 Stony Island Ave. 
Chicago 49, Ill. 


Research and 


Technical Uses 


for Lotest 
CATALOG 


RACINE & COMPANY: 


Specialists in Fine Timers — Since 1890 


20 WEST 47th STREET, NEW YORK 36 


About the most important years in this 
country’s chemical history....... 


The Life of Ira Remsen 
by Frederick H. Getman 


“As a biography of a man important in the history of 
American Ch , Prof. Getman’s story is ie and 
sympathetically told. He has had access to diari 
= letters and family memorabilia which cooled 

im to write a book which students of chemical his- 
tory and Remsen’s many friends will welcome. 


“But more than the life of a great chemist and teacher, 
the book 1s a condensed version of the most important years 
in this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a science and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due to 
the teachings of Dr. Remsen.” 

Chemical Engineering 


This story of the career of a leader in the pear ye ome 
of sound scientific instruction in chemistry and chemi- 
cal research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the Ries of great people, it is a rewarding biogra- 
phy of a notable career. 


Handsomely bound, gold stamped, and illustrated with 
photographs. 


172 pages (postPaID) $4.50 


CHEMICAL EDUCATION PUBLICATIONS 
EASTON, PENNSYLVANIA 
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ets Research Grade PURE WATER ON TAP soa 
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HIGH SCHOOL TEXTS 


Hoge, Joun C., ALLEY, OTts Epwarp and Bicket, CHARLEs L. 
Chemistry: A Basic Science. 3rd Edition 1957 622 pp 
D. Van Nostrand Co., Ine. (#1) 


SURVEY 


BawpEN, T. Man’s Physical Universe. 4th Edition 
1957 840 pp $6.50 Macmillan. (#2) 
BawpEN, ArtHuR T. Matter and Energy. 1957 512 pp 
$6.75 Henry Holt & Co., Inc. (#3) 
BonNnER, Francis T. and Mesa. Principles of 
Physical Science. 1957 736 pp $7.50 Addison-Wesley Pub- 
lishing Co., Inc. (#4) 
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ConraD E. The Study of the Physical World. 3rd Edition 
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De Vries, JoHN and BoarpMan, Donatp C. Essentials of 
Physical Science. 1958 375 pp $6.96 Wm. B. Eerdmans 
Publishing Co. (#6 
McCusg, J. J. G. The World of Atoms—An Introduction to 
ines Science. 1956 659 pp $6.50 The Ronald i” 
PostL, ANToN. Laboratory Experiments in the Physical Sciences. 
1956 99 pp $3.00 Burgess Publishing Co. (#8) 
Routu, JosepH I. Fundamentals of Inorganic, Organic and 
Biologic Chemistry. 3rd Edition 1954 418 pp $4.00 W. 
B. Saunders Co. #9) 
I. Laboratory Manual of Chemistry. 3rd 
Edition 1954 109 pp $1.75 W.B. Saunders Co. (#10) 
SLaBAUGH, WENDELL and Butier, ALFRED B. College Physical 
Sciences. 1958 496 $7.75 Prentice-Hall, Inc. (#11) 
Swenson, H. N. and Woops, J. E. Physical Science. 1956 
333 pp $6.50 Wiley. (#12) 


GENERAL CHEMISTRY 


Anperson, H. V. Chemical Calculations. 6th Edition 1955 
305 pp $4.75 McGraw-Hill. (#13) 
Basor, JosEPpH A. Basic College Chemistry. 2nd Edition 1953 
766 pp $5.50 Thomas Y. Crowell Co. (#14) 
Basor, JosepH A. and Kremer, Cuester B. How to Solve 
Problems in General Chemistry. 2nd Edition 1955 152 pp 
$1.50 Thomas Y. Crowell Co. (#15) 
Bazor, JoserH A. and LEHRMAN, ALEXANDER. General College 
Chemistry. 3rd Edition 1951 800 pp $6.00 Thomas Y. 
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Basor, JosEpH A. and LEHRMAN, ALEXANDER. Introductory 
College Chemistry. 2nd Edition 1950 814 pp $6.00 
Thomas Y. Crowell Co. (#17) 
-— S. W. Chemical Calculations. 1952 217 pp $3.25 
Wiley. #18 
Bogert, L. Jean. Fundamentals of Chemisiry. 8th Edition 
1958 615 pp $5.50 W. B. Saunders Co. (#19) 
BrinKLEy, Stuart R. Principles of General Chemistry. 4th 
Edition 1951 703 pp $6.75 Macmillan. (#20) 
Brooks, Stewart M. Basic Facts of General Chemistry. 1956 
375 pp $4.75 W. B. Saunders Co. 21 
Compton, CHARLEs. Introduction to Chemistry. 
pp $6.85 D. Van Nostrand Co., Inc. . # 
Coutson, C. A. Valence. 1952 348 pp Oxford Univ. Press. 
CourcHAINE, ARMAND JosEPH, Cowan, M. Corpe.ia, Editor. 
Chemistry Visualized and Applied. Revised Edition 1957 
7 PR $5.50 G. P. Putnam’s Sons. (#23) 
Crago, L. H. and Granam, R. P. An Introduction to the Prin- 
— of Chemistry. 1955 740 pp $6.50 Rinehart & yan 
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pp $5.90 Maem llan. (#25) 
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Francis, CHARLOTTE A. and Morse, Epna. Fundamentals of 
Chemistry and Application. 4th Edition 1956 543pp $6.00 
Macmillan. (#27) 

Frey, Paut R. Chemistry Problems and How to Solve Them. 
5th Edition 1958 163 pp $1.25 Paperbound Barnes & 
Noble. (#28) 

Frey, Paut R. College Chemistry. 2nd Edition 1958 688 
pp $7.00 Prentice-Hall, Inc. (#29) 

Garrett, ALFRED B., Haskins, JosepH F. and Sister, Harry 
x Essentials of Chemistry. 1955 570 pp $6.00 “=. 

(#30 

GarRRETT, ALFRED B., Haskins, JosePH F. and Sister, Harry 
H. Essentials a Experimental Chemistry. 1951 336 pp 
$3.50 Ginn & Co. (#31) 

Goostray, STELLA and Scuwenck, J. A Textbook of 
Chemistry: Applied to the Field of Nursing. 7th Edition 1954 
426 pp $4.75 Macmillan. (#32) 

GraHaM, R. P. and Craae, L. H. Essentials of Chemistry. 
1959 608 pp Approx. $7.00 Rinehart & Co., Inc. (#33) 

Grece, Donatp C. The Principles of Chemistry. 1958 600 
pp $6.50 Allyn Bacon, Inc. (#33-1) 

Haeniscu, E. L. and Quam, G. N. Basic General Chemistry 
Outline Form. 1953 290 pp $4.00 Burgess a 

0. #34 

Hazeu, J. F. A Basic Laboratory Course in College Chemistry. 
2nd Edition 1957 233 pp $3.95 Wiley. (#35) 

Joe, H. and Powe Ricnarp E. Principles 
of Chemistry. 6th Edition 1952 444pp $5.75 Macmi 9 

(#36 

HILDEBRAND, JoEL H. and Powe, Ricnarp E. Principles of 
Chemistry. (Combined with Latimer-HivpEBRAND  Refer- 
ence Book of Inorganic Chemistry. 3rd Edition) 6th Edition 
1952 625pp $8.50 Macmillan. (# 

Hotmes, Harry N. General Chemistry. 5th Edition 1949 
708 pp $6.75 Macmillan. #38 

Houtmes, Harry N. Introductory College Chemistry. 5th 
Edition 1951 594 pp $6.25 Macmillan. (#39) 

Kerevaar, J. A. A. Chemical Constitution: An Introduction 
to the Theory of the Chemical Bond. 1953 398 pp $8.50 
D. Van Nostrand Co., Inc. (#40) 

Kine, G. Brooks and CaLpwELL, E. The Funda- 
mentals of College Chemistry. 2nd Edition 1954 598 pp 
$5.50 American Book Co. (#41) 

LAUBENGAYER, ALBERT W. General Chemistry. 2nd Edition 
Revised 1957 602pp $6.50 Rinehart & Co., Inc. (#42) 

Lewis, Joun R. First Year College Chemistry. 7th Edition 
1951 365pp $1.75 Paperbound Barnes& Noble. (#43) 

Luper, F., VerRNon, ARTHUR A. and ZuFFANTI, SAVERIO 
General Chemistry. 1953 595 pp $6.00 W. B. Saunders 
Co. (#44) 

Mack, Epwarp; Garrett, ALFRED B., Haskins, Josepn F. 
and VERHOEK, Frank H. Teztbook of Chemistry. 2nd Edi- 
tion 1956 863pp $6.50 Ginn & Co. (#45) 

MarxkuHaMm, Epwin C. and Smitrn, SHERMAN E. General Chemis- 
try. 1954 613 pp $6.50 Houghton Mifflin Co. (#46) 

Meyer, Linuian H. Introductory Chemistry. 1951 532 pp 
$5.75 Macmillan. (#47) 

Muster, JoserH C., Rourer, S. and CaMPaAIGNE, 
Ernest E. Introduction to Chemistry. 1957 448 pp 
Prentice-Hall, Inc. 

Mysets, Karou J. and Copetanp, 8. Introduction 
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Nepercaut, W. H. and Scumr, F. C. College Chemistry. 
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ORGANIC CHEMISTRY 


Donald J. Cram 
University of California at Los Angeles 


George S. Hammond 
California Institute of Technology 


Ready in Spring, 1959 


A pioneering approach to elementary organic 
chemistry. The extensive treatment of mecha- 
nisms is presented more scientifically than usual. 
It attempts to bring the undergraduate student 
closer to the frontiers of organic chemistry which 
is approached from three different points of view. 
The first group of chapters treats relationships 


based on structure; the second, emphasizes the 
relationship among organic reactions; and the 
third group illustrates associations based upon 
origin, use and chemical terminology of organic 
compounds. Thus, students are thoroughly 
grounded in structure and reactivity before they 
encounter complex molecules and their reactions. 


PHYSICAL ORGANIC CHEMISTRY 


Jack Hine, Georgia institute of Technology 
McGraw-Hill Series in Advanced Chemistry 


492 pages, $9.00 


Fundamental principles are stressed in this text 
designed for advanced courses. 


mechanisms of organic reactions and the effect 


STATISTICAL MECHANICS: Principles and Selected Applications 


Itecovers the 


of structure on reactivity in these reactions. 
Both polar and free radical reactions are treated. 


Terrell L. Hill, University of Oregon 
McGraw-Hill Series in Advanced Chemistry 


432 pages, $9.00 


Distinctive features of this graduate text include 
a review of quantum mechanics, a detailed treat- 
ment of statistical ensemble types, and chapters 


on distribution functions and the theory of the 
Liquid State and on nearest-neighbor lattice sta- 
tistics. 


NUCLEAR MAGNETIC RESONANCE: Ores 


John D. Roberts, California Institute of Technology 
McGraw-Hill Series in Advanced Chemistry 


Ready in January, 1959 


This brief book is the outgrowth of a series of 


forty lectures in which the phenomenon of nu- 
clear magnetic resonance absorptions is ex- 


plained, along with the uses of high resolution 
nuclear, magnetic resonance spectroscopy. 


ADVANCED ANALYTICAL CHEMISTRY 


Louis Meites 
Polytechnic Institute of Brooklyn 


Henry C. Thomas 
University of North Carolina 


540 pages, $8.90 


Gives the advanced student a firm theoretical 
foundation in instrumental methods. It explains 


300 West 42nd Street 


the theory and practice of many modern tech- 
niques of chemical analysis and research. 
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BASIC CONCEPTS IN CHEMISTRY 


George W. Watt University of Texas 
550 pages, $6.50 


This new and different introductory chemistry text for majors 


and nonmajors teaches less total subject matter, but teaches - 


The text is logical in approach, introduction, and 


chemistry. It thus provides a minimum framework of basic 
concepts and descriptive material. A sharp distinction is 
drawn between transitional and nontransitional elements, 


Pwith an attempt at generalization with respect to properties. 


Rather than set organic chemistry apart artificially, a 
limited number of carbon compound classes are introduced 
to illustrate predominantly covalent species and their prop- 
erties. Two new Laboratory Manuals deal with macro- 
scale and semi-micro experiments and emphasize principles, 
methods, and techniques (a—College Chemistry Laboratory 
Manual, 262 pages, $3.50; b—Laboratory Experiments in 
General Chemistry and Qualitative Analysis, 275 pages, $3.50) 


DIELECTRIC BEHAVIOR AND STRUCTURE 


Charles P. Smyth Princeton University 
438 pages, $9.50 


This specialized work explains the relations between the 
molecular structure and the dielectic behavior of matter. 


It considers the interpretation of dielectric constant and loss 
data in terms of structure and methods of measurement. 


CHEMICAL PUBLICATIONS 


M. G. Mellon Purdue University New Third Edition—327 pages, $7.00 


A long-awaited revision of a standard text and reference. 
It gives a balanced perspective of chemical publications with 


up-to-date titles in periodicals, treatises, government publi- 
cations, etc. 


MOLECULAR VIBRATIONS: The Theory of Infrared and Raman Vibrational Spectra 


E, Bright Wilson, Jr. 


Harvard University 


John C. Decius 
Oregon State College 


P. C. Cross 
University of Washington 


390 pages, $9.00 


A thorough coverage of the theory of the vibrations of 
polyatomic molecules and the applications of the theory to 


the interpretations of infrared and Raman spectra. 


THE INORGANIC SYNTHESES SERIES 


Representing an effort by an outstanding group of inorganic 
chemists to make available detailed and tested methods for 


the synthesis of organic compounds. Each book is ar- 
ranged on the bases of the Mendeleev periodic classification. 


« Volume |—Edited by Harold S. Booth, Western Reserve University. 197 pages, $6.00 

¢ Volume ll—Edited by W. C. Fernelius, the Pennsylvania State University. 293 pages, $6.00 
¢ Volume Ill—Edited by L. F. Audrieth, University of itinois. 230 pages, $5.00 

« Volume IV—Edited by John C. Bailar, Jr., University of itinois. 218 pages, $6.00 

« Volume V—Edited by Therald Moeller, University of ittinois. 262 pages, $6.00 


BOOK COMPANY 


New York 36, N. Y. 
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Nirz, Orro W. Introductory Chemistry. 1956 520 pp $5.75 
D. Van Nostrand Co., Inc. (#51) 
Partineton, J. R. General and Inorganic Chemistry for Univer- 
sity Students. 3rd Edition In <r, Approx. 900 pp 
Approx. $7.50 St. Martin’s Press, Inc. #51-1) 
Paving. Linus. College Chemistry. 2nd Edition 1955 697 
pp $6.75 W.H. Freeman & Co. ie (#52) 
Pauutne, Linus. General Chemistry. 2nd Edition 1953 722 
pp $6.75 W.H. Freeman & Co. #53) 
Pierce, Conway and Siro, Newson. General Chemistry 
Workbook. (How to Solve Problems) 1958 246 pp $1.75 
UAGLIANO, JAMEs V. istry. pp i - 
tice-Hall, Inc. (#55) 
Remy, H. Treatise on Inorganic Chemistry. In two volumes 
(Volume I—Introduction and Main Groups of the Periodic 
able) 1956 866 pp $21.00 Complete set, $37.00 D. 
Van Nostrand Co., Inc. (#56) 
Remy, H. Treatise on Inorganic Chemistry. In two volumes 
(Volume II—Sub-Groups of the Periodic Table and General 
Topics) 1956 800 pp $21.00 Complete set, $37.00 D. 
Van Nostrand Co., Inc. (#57) 
Rirrer, H. L. Iniroduction to Chemistry. 1955 649 Bp 
$6.50 (#58 
Rosertson, G. Ross. Modern Chemistry for the Engineer and 
Scientist. $9.50 McGraw-Hill. ys) 
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1958 184 


$2.50 Stipes Publishing Co. (761-1) 
SANDERSON 


. T. Introduction to Chemistry. 1954 542 p 
$5.50 Wiley. (4o2) 


Scartett, ANDREW T. College Chemistry. 1956 499 pp 
$6.00 Henry Holt & Co., Inc. ( 
ScarLett, ANDREW T. and Gomez-IBANEz, JosE. General 
College Chemisiry. 5thEdition 1954 654pp $6.95 Henry 
Holt & Co., Inc. (#64) 
Scuwenck, J. Rae and Martin, Raymonp M. Basic Principles 
of Chemistry. 1958 448 pp $6.75 Prentice-Hall Inc. (#65) 
Semwe.it, ATHERTON. Solubilities. (Volume I—Solubilities of 
Inorganic and Metal Organic Compounds) 3rd Edition 1941 
1698 pp $16.00 D. Van Nostrand Co., Inc. #66) 
Sempe.L, ATHERTON. Solubilities. (Volume II—Solubilities of 
Organic Compounds) 3rd Edition 1941 926 pp $16.00 
D. Van Nostrand Co., Inc. (#67) 
ATHERTON. Solubilities. (Volume lement 
to Solubilities of Inorganic and Organic Compoun Ay 1952 
1255 pp $16.00 D. Van Nostrand Co., Inc. (#68) 
Setwoop, Pierce W. General Chemistry. Revised Edition 
1954 243pp $6.75 Henry Holt & Co., Inc. (#69) 
Srenxo, J. and PLane, Ropert A. Chemistry. 1957 
621 pp $6.75 McGraw-Hill. (#70) 
Sister, Harry H., Van Der Werr, Cavin A. and Davipson, 
ArtHur W. College Chemistry: A Systematic Approach. 
1953 623 pp $6.00 Macmillan. (#71) 
Sister, Harry H., Van Der Werr, Cavin A. and Davipson, 
THUR W. al Chemistry: A Systematic Approach. 
1949 870pp $6.75 Macmillan. (#72) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, RoBERT 
C. General College Chemistry. 2nd Edition 1954 693 pp 
$6.50 D. Van Nostrand Co., Inc. (#73) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, RoBert 
C. Comprehensive Inorganic Chemistry. (Volume I—Atomic 
and Molecular Structure) Nuclear Chemistry, Actinide Series 
1953 264 pp $6.00 D. Van Nostrand Co., Inc. (#74) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, ROBERT 
C. Comprehensive Inorganic Chemistry. (Volume II—Copper 
Silver and Gold) 1954 256 pp $6.00 D. Van Nostrand 
‘o., Inc. (#75) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, RoBERT 
C. Comprehensive Inorganic Chemistry. (Volume {II—The 
Halogens) 1954 250 pp $6.00 D. Van Nostrand Co., 
Inc. (#76) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, ROBERT 
. Compr ive Inorganic Chemistry. (Volume 1V—2Zinc, 
Cadmium and Mercury-Scandium, Yttrium and the Lantha- 
nide Series) 1955 193 pp $6.00 D. Van Nostrand Co., 
Inc. (#77) 
Sneep, M. Cannon, Maynarp, J. Lewis and Brasrep, RoBERT 
Comprehensive Inorganic Chemistry. (Volume V—Nitro- 
gen, Phosphorus, Arsenic, Antimony, and Bismuth-Nonaque- 
ous Chemistry) 1956 214pp $6.00 VanNostrand (#78) 
Snuzp, M. Cannon, Maynarp, J. Lewis and Brastep, RoBERT 
C. Inorganic Chemistry. (Volume VI—The 
Alkali Metals; Hydrogen and its Isotopes) 1957 234 p 
$6.00 D. Van Nostrand Co., Inc. (479) 


Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, Roserr 
. Comprehensive Inorganic Chemistry. (Volume VII—The 
Elements and Compounds of Group IV A) 1958 325 pp 
$6.00 D. Van Nostrand Co., Inc. 0) 
Sorum, C. N. Fundamentals of General Chemistry. 1955 588 
pp $7.00 Prentice-Hall, Inc. (#€1) 
Sorum, C. N. How to Solve General Chemi: Problems. 2nd 
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Sreriner, Luxe E. and CampBet, J. A. General Chemisiry 
1955 676 pp $6.75 Macmillan. (#83) 
Timm, JoHN ARREND. General Chemistry. 3rd Edition 156 
636 pp $6.50 McGraw-Hill. (#84) 
Wa ker, Burnuam §&., Asimov, Isaac and Nicuouas, Kotaya. 
Chemistry and Human Health. 1956 445 pp $5.75 Me- 
Graw-Hill. (#85) 


296 pp $4 (#88) 
Woop, Jesse Hermon and KEENAN, CHARLES WILLIAM. Gen- 
eral College Chemistry. 1957 689 pp $6.50 Harper & 
Brothers. (#89) 
Youne, Leona and Porter, C. W. General Chemistry: A 
First Course. 4th Edition 1958 640 pp $6.75 Prentice- 
Hall, Inc. (#90) 


GENERAL CHEMISTRY LABORATORY MANUALS 


LEHRMAN, ALEXANDER. Laboratory 


Basor, JosepH A. and 
1952 227 pp $2.75 Thomas 


Studies in College Chemistry. 
Y. Crowell Co. 
Basor, JosepH A. and LEHRMAN, DER. Ex- 
Ip ome in College Chemistry. 1953 125pp $1.75 Thomas 
. Crowell Co. (#92) 
Baxter, JoHN F., Jn. General Chemistry—A Laboratory Manual 
of Semi-micro Methods. 1956 140 pp $3.50 Burgess Pub- 
lishing Co. (#93) 
Betcuer, J. E. and CoLBert, JAMES CANFIELD. Ezperiments 
and Problems for a. Chemistry. Alternate 5th Edition 
1958 214 Pp $2.75 Inc. (#94) 
Betcuer, J. E. and JaMEs CANFIELD. Properties 
and Numerical Relationships of C El ts and 
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Bogert, L. Jean. Laboratory Manual of Chemistry. (Prepared 
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pp $1.50 W.B. Saunders Co. (#96) 
Boys, Sot, Gantz, E. St. Cua, and Rice, C. N. General 
Chemistry Laboratory Manual. 1950 243pp $3.50 Hough- 
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Bray, Wituiam C., Latimer, WENDELL M. and Powell, 
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CAMPBELL, JaMEs A, and SreinerR, Luke E. Laboratory Exper- 
iments in General Chemistry. 1955 216 pp $3.25 Mac- 
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DameERELL, V. R. Laboratory Experiments in College Chemistry. 
1952 125pp $2.40 Macmillan. (#102) 
Dopp, R. E. and Rosinson, P. L. Experimental Inorganic 
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$8.25 D. Van Nostrand Co., Inc. 
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ratory Program for General Chemistry. 2nd Edition 
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Edition 1955 295 pp $2.75 
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Frantz, Harper. A Laboratory Study of Chemical Principles. 
2nd Edition 1956 296 pp $2.75 W. H. Freeman & Co. 


Garrett, ALFRED B., Haskins, JosepH F., Rusin, 
and VERHOEK, Frank H. Chemistry for the =. 
Edition 1957 413 $4.25 Ginn & Co. (7107) 

Hanneman, Watrer W. Daily Assignment Problems in esl 
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Brewster, Ray Q., ORGANIC CHEMISTRY, 2nd Edition, 1953, 
855 pages, $7.95 (Organic) 


Brewster, Ray Q.. ORGANIC CHEMISTRY, A Brief Course, 
2nd Edition, 1958, $6.75 (Organic) 


Cason, James, ESSENTIAL PRINCIPLES OF ORGANIC 
CHEMISTRY, 1956, 530 pages, $7.50 (Organic) 


Cason, James; LABORATORY TEXT IN 
ORGANIC CH STRY, 1950, 416 pages, $5.00 (Organic) 

Dekker, Adrianus, SOLID STATE PHYSICS, 1957, 544 pages, 
$9.00 (Physics) 


Dole, Malcolm, INTRODUCTION TO STATISTICAL THER- 
MODYNAMICS, 1954, 248 pages, $6.50 (Physical) 


Ferguson, Lloyd N., ELECTRON STRUCTURES OF OR- 
GANIC MOLECULES, 1952, 335 pages, $7.50 (Organic) 


Frank, Philip, PHILOSOPHY OF SCIENCE: The Link 
Between Science and Philosophy, 1957, 424 pages, $6.00 
(History and Reference) 


Frey, Paul R., COLLEGE CHEMISTRY, 2nd Edition, 1958, 
688 pages, $7.00 (General) 


Gamow, George, MATTER, EARTH AND SKY, 1958, 576 
pages, $6.95 (Physics) 


Harrison, George R.; Lord, R. C.; Loofbourow, J. R., PRAC- 
TICAL SPECTROSCOPY, 1949, 605 pages, $9.50 (Physical) 


Kammermeyer, Karl; Osburn, James, PROCESS CALCULA- 
TIONS, 1956, 188 pages, $4.00 (Chemical Engineering) 


King, Wendell B., SEMIMICRO EXPERIMENTS IN GEN- 
ERAL CHEMISTRY, 2nd Edition, 1955, 192 pages, $3.50 
(Laboratory Manual) 


Kharasch, M einmuth, Otto, GRIGNARD REACTIONS 
OF NON-METALLIC SUBSTANCES, 1954, 1384 pages, 
$17.50 (Organic) 
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Klotz, Irving M., CHEMICAL THERMODYNAMICS: Basic 
Theory and Method, 1950, 416 pages, $6.75 (Physical) 


Latimer, Wendell M., OXIDATION POTENTIALS, 2nd Edi- 
tion, 1952, 392 pages, $8.00 (Inorganic) 


Martell, Arthur; Calvin, Melvin, CHEMISTRY OF THE 
METAL CHELATE COMPOUNDS, 1952, 613 pages, $10.00 
(Inorganic) 


Moore, Walter J., PHYSICAL CHEMISTRY, 2nd Edition, 1955, 
633 pages, $7.50 (Physical) 


Muhler, Joseph C.; Rohrer, Charles S.; Campaigne, Ernest E., 
INTRODUCTION TO CHEMISTRY, 1957, 448 pages, $4.75 


(General) 


Muhler, Joseph C.; Rohrer, Charles S.; Campaigne, Ernest E., 
INTRODUCTION TO EXPERIMENTAL CHEMISTRY, 
1958, 192 pages, $3.25 (Laboratory Manual) 


Murray, Raymond L., NUCLEAR REACTOR PHYSICS, 1957, 
3868 pages, $8.00 (Nuclear Science) 


Murray, Raymond L., INTRODUCTION TO NUCLEAR EN- 
GINEERING, 1954, 418 pages, $8.50 (Nuclear Science) 


Peterson, William; Strong, Frank M., GENERAL BIOCHEM- 
ISTRY, 1953, 608 pages, $7.95 (General) 


Pitzer, Kenneth S., QUANTUM CHEMISTRY, 1953, 529 pages, 
$8.50 (Physical) 


Quagliano, James V., CHEMISTRY, 1958, 720 pages, $6.95 
General) 


Rietz, Edward G.; Pollard, Cash B., PROBLEMS IN ORGANIC 
CHEMISTRY, 1953, 523 pages, $4.95 (Organic) 


Royals, E. Earl, ADVANCED ORGANIC CHEMISTRY, 1953, 
948 pages, $12.00 (Organic) 


Schwenck, J. Rae; Martin, Raymond M., BASIC PRINCIPLES 
OF CHEMISTRY, 1958, 448 pages, $6.75 (General) 


Schwenck, J. Rae; Martin, Raymond M., BASIC PRINCIPLES 
OF EXPERIMENTAL CHEMISTRY, 1958, 384 pages, $3.95 
(Labaoratory Manual) 


Siller, Lars; Lange, Paul W.; Gabrielson, Carl O., PROBLEMS 
IN PHYSICAL CHEMISTRY, 1952, 370 pages, $6.75 
(Physical) 


Slabaugh, Wendell; Butler, Alfred B., COLLEGE PHYSICAL 
SCIENCE, 1958, 496 pages, $7.75 (Physics) 


Sorum, C. N., FUNDAMENTALS OF GENERAL CHEM- 
ISTRY, 1955, 588 pages, $7.00 (General) 


Sorum, C. N., INTRODUCTION TO SEMIMICRO QUALI- 
TATIVE ANALYSIS, 2nd Edition, 1958, 198 pages, $3.00 
(Laboratory Manual) 


Sorum, C. N., HOW TO SOLVE GENERAL CHEMISTRY 
PROBLEMS, 2nd Edition, 1958, 176 pages, $2.25 (General) 


Walton, Harold, ELEMENTARY QUANTITATIVE ANALY- 
SIS, 1958, 342 pages, $5.75 (Quantitative Analysis) 


Walton, Harold, PRINCIPLES AND METHODS OF CHEMI- 
CAL ANALYSIS, 1952, 435 pages, $7.00 (Analytical) 


Young, Leona; Porter, C. W., GENERAL CHEMISTRY: A 
First Course, 4th Edition, 1958, 640 pages, $6.75 (General) 


To receive approval copies, write Box 903. 


PRENTICE-HALL, Inc. 


Englewood Cliffs, New Jersey 
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OUTLINES of ENZYME CHEMISTRY, Second Edition 


By J. B. Neilands and P. K. Stumpf, both of the University 
of California, Berkeley. Revised and enlarged to include 
recent developments in the field. Provides new chapters 
on metal ion binding, the mechanism of enzyme action, 
and the dynamics of nucleotide transformations. More 
than 50% of the book is devoted to the general properties 
of enzymes, thus providing the reader with information 
he can apply with profit to all enzymes. Although the 


authors have avoided writing a specific ‘‘catalog of 
enzymes,’ they have included a list of the imporcant 
properties of more than 500 enzymes, together with their 
main references. Like its predecessor, the second edi- 
tion also includes a chapter on the Synthesis of Enzymes 
by R. Y. Stanier of the Department of Bacteriology at 
Berkeley. 1958. Approx. 464 pages. Prob. $7.50. 


GENERAL BIOCHEMISTRY, Second Edition 


By Joseph S. Fruton and Sofia Simmonds, both of Yale 
University. Provides the background for understanding 
current research and future advances and applications of 
biochemistry. Since the preparation of the first edition, 
the rapid progress made in many areas of biochemistry 
has rendered much of what has been written obsolete. 


This has necessitated extensive revision of the text. 
New information has been included on protein structure; 
dehydrogenases; oxidative phosphorylation; metab- 
olism of carbohydrates, fatty acids, and amino acids; 
biosynthesis of proteins; and vitamins. 1958. 1077 
pages. College edition, $15.00. 


QUANTITATIVE ANALYSIS, Fourth Edition 


By W. Conway Pierce, University of California; Edward L. 
Haenisch, Wabash College; and Donald T. Sawyer, Uni- 
versity of California. Gives students who will be working 
with chemical or biological reactions an understanding 
and appreciation of what is involved in an analysis. 
The fourth edition has been revised and rewritten and 
includes such new features as: liberal use of the Lowry- 


Bronsted treatment of acid-base equilibria; section on 
evaluation of data and precision of measurements; 
strong emphasis upon physico-chemical principles; a 
large number of stimulating problems and questions, 
use of modern equipment stressed. 1958. 497 pages. 
$5.75. 


The INFRA-RED SPECTRA of COMPLEX MOLECULES, Second Edition 


By L. J. Bellamy, Ministry of Supply, U.K. Presents a 
critical review of the data on which infra-red spectral 
correlations are based, indicating the classes of com- 
pounds which have been studied in each case and the 
known factors which can influence the frequencies or 
intensities of the characteristic bands. In doing so, 


special attention is paid to publications dealing with 
groups of compounds containing common structural 
units. The origins and significance of group frequency 
shifts in large molecules is covered in a new chapter 
appearing in this revised edition. 1958. 425 pages. 


$8.00. 


PRINCIPLES of GEOCHEMISTRY, Second Edition 


By Brian Mason, Columbia University. Like its pred- 
ecessor, the new second edition summarizes the signifi- 
cant facts concerning the chemistry of the earth and pro- 
vides a coherent account of the physical and chemical 
evolution of our planet. Due to the many advances and 
discoveries that have been made in this field, much has 


been added to this edition. Some of the new matcrial 
includes discussions on electro-negativity as a geochem- 
ical factor, isotope fractionation in geological processes, 
minor and trace elements in metamorphic rocks, and 
energy changes in the geochemical cycle. 1958. 309 
pages. College edition, $7.00. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N.Y. 


JOURNAL OF CHEMICAL EDUCATION 


A428 


} 
@ 
B 
Uni 
4 
acct 
sou 
| sigt 
} 
i 
I 
sub 
sor 
Pre 
| 
| 
the 
=f | ; 
ang M. 
ag 
gi 
TI 
ch 
= 
G 
fr 
M 
i. ( 
ry 
$ 


mportant 
vith their 
cond edi- 
Enzymes 
iology at 
50. 


the text. 
tructure; 

metab- 
10 acids; 
58. 1077 


ction on 
rements; 
iples; a 
lestions; 
7 pages. 


ition 
1g with 
ructural 
equency 
chapter 
5 pages. 


naterial 
ochem- 
OCesses, 
cs, and 
8. 309 


N.Y. 


‘ATION 


atalor of 


By David Kritchevsky, The Wistar Institute and the 
University of Pennsylvania. This book serves as an 
accurate guide to present-day research and future investi- 
gations in the field of cholesterol. It provides a central 
source of information on the biological function and 
significance of the subject. The author has gathered 


By the late Emile Monnin Chamot, and Clyde Walter 
Mason, Cornell University. Volume I of the Handbook is 
subtitled, Principles and Use of Microscopes and Acces- 
sories: Physical Methods for the Study of Chemical 
Problems. The standard book on the subject both in 
the U. S. and abroad, it has now been thoroughly re- 


By S. Chaberek, Jr., Dow Chemical Company, and A. E. 
Martell, Clark University. The only book now available 
dealing exclusively with the properties of sequestering 
agents in aqueous solution. It includes a completely up- 
to-date discussion of the principles of chelation. Also 
given is a relatively complete account of the applications 


Editor-in-Chief, Carl S. Vestling, University of Illinois. 
The latest volume in this annual series. Contents in- 
cludes: Crystalline Animal Cytochrome c!. Deoxy- 
ribonucleic Acid. 2,3-Diphosphoglyceric Acid. L-a- 
Glycerophosphorylcholine. 3-Hydroxyanthranilic Acid. 
8-Hydroxy-8-Methylglutaric Acid. Insulin. Lanosterol 
from ‘‘Isocholesterol."” Leucine Aminopeptidase. a- 
Methylserine and Bis(-Hydroxymethy]l)-Glycine. Crys- 


Edited by John F. Elliott, Massachusetts Institute of Tech- 
nology. Papers presented at the Conference on the 
Physical Chemistry of Iron and Steelmaking which was 
held in Massachusetts in 1956. They cover a diverse 
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CHOLESTEROL 


HANDBOOK of CHEMICAL MICROSCOPY 
Volume I, Third Edition 


ORGANIC SEQUESTERING AGENTS 


BIOCHEMICAL PREPARATIONS, Vol. 6 


The PHYSICAL CHEMISTRY of STEELMAKING 


Send for examination copies. 


together pertinent material which has been dispersed 
throughout the chemical and medical literature, The 
book is not merely a collection of special chapters but a 
unified work. It covers cholesterol chemistry, biochem- 


istry, and physiology, collating the most recent data in 
these areas. 


1958. Approx. 310 pages. Prob. $10.00. 


vised. It emphasizes the basic principles of instruments 
and methods with educational experiments, rather than 
routine manipulative directions. It offers new material 
on electron microscopy, particle size, colloids, and 
aggregates, plus a mew polarization chart. 1958. 
Approx. 526 pages. College edition, prob. $11.50 


of sequestering agents in the chemical laboratory, in the 
study of biological systems, and in industry. Structural 
and graphic formulas of coordination compounds are 
used throughout as a means of explaining the properties 
and applications of the agents. Coming in November. 
Approx. 596 pages. Prob. $18.50. 


Old Yellow Enzyme. 
Prep- 
aration of Crystalline Muscle Phosphorylase 6 and Con- 


talline Horse Oxyhemoglobin. 
Crystalline Papain and Benzoyl-L-Argininamide. 


version to Phosphorylase #. Phosphoserine. Ribo- 
nucleic Acid. Ribulose Diphosphate. DL-Tryptophan- 
Ja-C'*. Coming in October. Approx. 128 pages. Prob. 
$5.00. 


group of topics or recent origin and summarize the think- 
ing of a number of leaders in the field of metallurgy. A 
Technology Press Book, M.I.T. Coming in October. Approx. 
313 pages. Prob. $16.50. 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N.Y. 
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Hoitmes, Harry N. Laboratory Manual of General Chemistry. 
5th Edition 1949 267pp $3.75 Macmillan. (#110) 
Kine, G. Brooxs and CALDWELL, E. Ex- 
periments in General Chemistry. 1956 324pp $3.25 Ameri- 
can Book Co. (#111) 
Kine, WENDELL B. Semimicro Experiments in General Chemi 
try. 2nd Edition 1955 192 pp $3.50 ae oT 
#1l 
Lee, Garto L. Laboratory Manual for General Chemistry. 
1956 121 pp $2.25 Burgess Publishing Co. (#113) 
Lee, Raupu. General Chemistry. 1958 Approx. 224 pp 
Approx. $4.00 Burgess Publishing Co. (#114) 
Mack, Epwarp; Garrett, ALFRED B., Haskins, Josep F. 
and VERHOEK, Frank H. Chemistry for the Laboratory. 1951 
367 pp $3.75 Ginn & Co. (#115) 
MarkHAM, Epwin C. and Cuartes N. A Laboratory 
Manual for General Chemistry. 1954 432pp $3.50 Hough- 
ton Mifflin Co. (#116] 
MarkuaM, Epwin C. and Situ, SHERMAN E. General Chemis- 
try Problems (Forms A or B) Form A 1942 Form B 
1945 each 190 pp each $2.50 Houghton Mifflin Co. 
#117) and (#117-1) 
Mam Luioyp and Frantz, Harper. College Chemistry in the 
Laboratory. No. 2 1954 368 pp $3.30 W. H. Free- 
man & Co. (#118) 
MarsiE, Davip P. Workbook and Experiments for College 
Chemistry. 1956 122 pp $3.50 Burgess 
#119 
Meyer, Litit1an H. Laboratory Manual for Introductory Chem- 
istry. 1951 114 pp $2.20 Macmillan. (#120) 
Morse, STANLEY Chemical Symbolism and Calculations. 
2nd Edition Revised and enlarged 1953 141 pp $2.00 
National Press. (#121) 
Muuter, JoserpH C., Rouwrer, S. and CAMPAIGNE, 
Ernest E. Introduction to Experimental Chemistry. 1958 
192 pp $3.25 Prentice-Hall, Inc. (#122) 
MyseEts, Karou J. and CopeLanp, Cuartes S. Laboratory 
Manual. 1952 120pp $2.50 Ginn & Co. (#123) 
NECHAMKIN, Howarp. Laboratory Problems in General Chem- 
ow 2nd Edition 1956 305 pp $2.75 Thomas Y. Cro- 
well Co. (#124) 
NeckeErs, J. W., T. W. and Van Lente, K. A. 
perimental General Chemistry. 3rd Edition 1958 317 pp 
$3.50 Thomas Y. Crowell Co. (#125) 
Quam, G. N. and Haeniscu, E. L. Laboratory Practice of Gen- 
eral Chemistry. 1954 177pp $3.00 Burgess Publishing rs 
(#126 
Rosertson, A. J. B., et al. Laboratory Glass-Working for 
Scientists. 1957 184pp $4.00 Academic Press, Inc. (#127) 
ScuweEnck, J. Rae and Martin, Raymonp M. Basic Principles 
of Chemistry. 1958 384 pp $3.95 Prentice- 
all, Inc. (#128) 
Sister, Harry H. and Stewart, Jay J. A Systematic Labora- 
tory Course in General Chemistry. 1950 396 pp $3.50 
Macmillan. (#129) 
Woop, Jesse Hermon and Smitn, T., Jr. Labora- 
tory Manual for General College Chemistry. 1957 224 pp 
$2.40 Harper & Brothers. (#130) 
ZuFFANtTI, SAVERIO, VERNON, ARTHUR A. and LupER, WILLIAM 
- A Laboratory Manual for General Chemistry. 1955 310 
pp $3.75 W. B. Saunders Co. (#131) 


ANALYTICAL CHEMISTRY 
neral 


AuLporT, and Keyser, J. W. Colorimetric Analysis. 
(Volume I: Determinations of Clinical and Biochemical 
Significance) 1st American Edition (Import) 1957 419 pp 
$9.00 Macmillan. (#132) 

BELCHER, Ronatp and Wiison, Ceci. L. New Methods in 
Analytical Chemistry. 1955 297 pp $6.00 Reinhold Pub- 
lishing Corp. (#133) 

Betiamy, L. J. Infra-Red Spectra of Complex Molecules. 2nd 
Edition August, 1958 Wiley. (#134) 

Ber., W. G., Editor. Physical Methods in Chemical Analysis. 
Volume III 1956 652 pp $15.00 Academic Pres Ine, 

#135 
Birrin, Frank M. and Seaman, Witt1am. Modern Instruments 
in Chemical Analysis. 1956 333 pp $7.50 mac 
#136) 
Brock, R. J., Durrum, E. L., and Zweia, G. 
Paper Chromatography and 


$(?) D. Van Nostrand Co., Inc. (#138) 
F. and Ramirez-Mvunoz, J. Flame Photom- 

etry: A Manual of Methods and Applications. 1957 531 p 

$12.75 D. Van Nostrand Co., Inc, (#139 


Cuamot, E. M. and Mason, C. W. Handbook of Chemical 
Microscopy. 3rd Edition VolumeI October, 1958 
ry. (#140) 
Coates, V. J., Norsets, H. J. and Facerson, I. 8., Editors, 
Gas Chromatography: A Symposium held under the Auspices 
of the Analysis Instrumentation Division of the Instrument 
‘ociety of America, Aug. 1957. 1958 323 pp $10.00 
Academic Press, Inc. (#141) 
Conway, Epwarp J. Microdiffusion Analysis and Volume’ric 
Error. 4th Edition Revised 1958 465 pp $8.50 Mac. 
millan. (#142) 
Devanay, Paut Instrumental Analysis. 1957 396 pp $7.90 
Macmillan. (#143) 
Ewine, GaLen. Instrumental Methods of Chemical Analysis, 
1954 434pp $6.50 McGraw-Hill. ms 144) 

Feic., F. Spot Tests in Inorganic Analysis. 5th Edition 
640 pp $13.25 D. Van Nostrand Co., Inc. ae. 

FEIa., P. Spot Tesis in Organic Analysis. 5th Edition 
620 pp $11.00 1D. Van Nostrand Co., Inc. ( 

Frieper, R. A. and Orcuin, M. Ultraviolet Spect 
matic Compounds. 1951 708 pp $14.50 Wiley. 

GituaM, A. E. and Srern, E. 8. An Introduction to Electronic 
Absorption Spectroscopy in Organic Chemistry. 2nd Edition 
1958 337pp $10.00 St. Mzrtin’s Press, Inc. (#147-1) 

Hamitton, Leicester F. and Simpson, SterHEN G. Calcula- 
tions of Analytica! Chemistry. 5th Edition 1954 340 pp 
$5.00 McGraw-Hill. (#148) 

Haruey, J. H. and S. E. Instrumental Analysis. 
1954 440 pp $6.50 Wiley. (#149) 

Harrison, GeorcE R., Lorp, R. C. and Loorsourow, J. R. 
Practical Spectroscopy. 1949 605 pp $9.00 Prentice-Hall, 
Inc. (#150) 

HitLeBRaNnD, W. F. and Lundell, G. E. Applied Inorganic 
Anaiysis. 2nd Edition 1953 1034 pp $18.50 af i‘. 

) 

Houzpock, WERNER G. Instruments for Measurement and 

Control. 1955 377 pp $10.00 Reinhold Publishing aun 
) 

Kevutemans, A. I. M. Gas Chromatography. 1957 238 pp 
$7.50 Reinhold Publishing Corp. (#153) 

Kuve, H. P. and Avexanpser, L. E. X-Ray Diffraction Pro- 
cedures. 1954 716pp $16.00 Wiley. (#154) 

Kottuorr, I. M. Acid-Base Indicators. 1937 414pp $10.00 
Macmillan. (#155) 

Kotruorr, I. M. and Betcuer, R. (With the Cooperation of 
V. A. SrencerR and G. Matsuyama.) Titration Methods: 
Oxidation-Reduction Reactions. (Volume III—Volumetric 
Analysis) 2nd English Edition Revised and enlarged 1957 
724 pp $16.50 Interscience Publishers, Inc. (#156) 

LepeRER, Epcar and Leperer, M. Chr phy. 2nd 
Edition 1957 711 pp $14.00 D. Van Nostrand Co., 
Ine. (#157) 

LepERER, M. Introduction to Paper Electrophoresis and Related 
Methods. 1957 206 pp $7.75 D. Van Nostrand Co., 


ne. (#158) 
McCrone, Watrer C., Jr. Fusion Methods in Chemical 
Microscopy: A Textbook and Laboratory Manual. 1957 326 
pp $8.00 Interscience Publishers, Inc. (#159) 
Mertes, Louis. Polarographic Techniques. 1955 332 pp 
$7.00 Interscience Publishers, Inc. (#160) 
Louis and Tuomas, Henry. Advanced Analytical 
Chemistry. In press. McGraw-Hill. (#161) 
Metion, M. G. Analytical Absorption Spectroscopy. 1950 
618 pp $12.50 Wiley. 


= pp Approx. $14.00 Text Edition approx. 
ile 


(#162) 
MiTcHELL, JouN, Jr., Kouruorr, I. M., Proskaugr, E. S. and 
WeissBerGER, A., Editors. Organic Analysis. Volume III 
1956 554 pp $12.50 Interscience Publishers, Inc. (#163) 
Morrison, G. H. and Ferser, H. Solvent Extraction in Analytic 
Chemistry. 1957 269 pp $6.75 Wiley. _ (#164) 
Miter, Orro H. Polarographic Method of Analysis.  \956 
= Edition 209 pp $4.50 Chemical Education seer 
0. # 
NacuTrigB, Norman H. Principles and Practices of Spectro- 
chemical Analysis. 1950 324 pp $7.00 
Rosin, Joseru. Reagent Chemicals and Standards. 3rd {di- 
tion 1955 565 pp $10.00 D. Van Nostrand Co., Inc. 


(+167) 

Samue.son, R. D. Jon Exchanges in Analytic Chemistry. ‘953 
291 pp $7.00 +168) 
ScHAEFFER, Harotp F. Microscopy for Chemists. 1953 264 
pp $5.00 D. Van Nostrand Co., Inc. (+169) 
Scott, WitFrRED W. Standard Methods of Chemical Ana’ ysis. 
In two volumes 5th Edition 1939 $30.00 D. Van ‘Nos- 
trand Co., Ine. (#170-7 171) 
Stara, and Stoiten, HansJ. An/Jntroduction to Modern 
Organic Analysis. 1956 258 pp $5.50 Interscience )ub- 
lishers, Inc. (¢172) 
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Brookes, Vincent J. and Jacoss, Morris B. Poisons: Their | 
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ELEMENTARY 
QUANTITATIVE ANALYSIS: 


Theory and Practice 


“Un livre remarkable, bien présenté, tres complet que nous recommandons vive- 
ment.”—D. Monnier, Analytica Chimica Acta, 18, 264 (1958). 


“Any new textbook on quantitative inorganic analysis must pass the acid test of 
being superior in content or presentation of subject matter to the many excellent 
books now in use. With this criterion in mind it must be adjudged that the present 
work is impressive, and deserves close examination by all those whose concern is 
the teaching of quantitative inorganic analysis at university and technical college 
level. ... It is delightfully readable, which is an outstanding and unusual property in 
any textbook.”—T. S. West, The Analyst, December, 1957. (Dr. West is 1956 
Meldola Medallist of the Royal Institute of Chemistry.) 


“In my opinion this is a fine book, and will do well even competing with the classic 
book by —— and and the very popular one by ——, ——, and The 
students in our class have found the main part of the text clear and understandable. 
The supplement of the book is of course unique. Those students who have a desire 
for a fuller, more advanced exposition of the topics of analytical chemistry like the 
supplement very much.”—From a letter by an outstanding professor of chemistry. 


A Partial List of Adoptions 


Carson-Newman College Morgan State College University of Buffalo 

Duquesne University Northwestern University University of Chicago 

George Pepperdine College Pennsylvania State University University of Illinois 

Marshall College Rensselaer Polytechnic Institute University of Mississippi 

McMaster University Rockford College University of Utah 

a a St. Olaf's College Utah State Agricultural College 
Technology Seton Hall University Wellesley College 


Price $6.90 Examine a copy of the book at the Book Exhibit 


ROW, PETERSON AND COMPANY 
Evanston, Illinois White Plains, New York 
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FUNDAMENTAL 
PRINCIPLES OF 
PHYSICAL CHEMISTRY 


Third Edition 
by Samuel H. Maron, Case Institute of 


Technology, and Carl F. Prutton, Food 
Machinery and Chemical Corporation 


Offering a thorough modern back- 
ground in the essential principles of 
physical chemistry, theit effective use 
and their correct application, this edi- 
tion has been reorganized, rewritten 
and brought up to date. New features 
include: (1) new material on micro- 
wave spectroscopy, electron diffraction 
of gases, intermolecular forces, and 
radiation chemistry; (2) more rigorous 
treatments of mathematic discussions, 
especially those pertaining to thermo- 
dynamics and chemical equilibrium; 
and (3) revisions of many problems 
and the total number increased to 634 
(the largest number of problems in 
any book on elementary physical 
chemistry). 1958, 789 pages, $8.50 


PHYSICO CHEMICAL 


EXPERIMENTS, edition 


by Robert Livingston, 
University of Minnesota 


“This is the third edition of a very use- 
ful laboratory manual in physical chem- 
istry. . . . This manual has much to 
commend it in that enough variety of 
experiments is at hand to accommodate 
any respectable laboratory. Two new 
experiments have been added, one on 
the determination of dipole moment 
and another on the determination of 
transference numbers by the moving 
boundary method. . . . This is an excel- 
lent laboratory manual. It includes a 
fine range of 42 experiments covering 
all fields of elementary physical chem- 
istry. These are all well set up with a 
concise theoretical introduction, an 
itemized list of apparatus and materials, 
and successive sections on procedure 
and computations.” —Journal of Chem- 


ical Education 
1958, 273 pages, $4.50 


GENERAL 
CHEMISTRY 


by Luke Steiner, Oberlin College, and 
J. A. Campbell, Harvey Mudd College, 
California 


“Of the many new texts of general 
chemistry that have appeared since 
World War II, only a few can be called 
exceptional in character. This volume 
definitely is in that category. It should 
be on the study desk of every teacher 
of general chemistry to show that new 
approaches to the teaching of general 
chemistry are possible. . . . In this text, 
chemistry is presented as a science. The 
student is expected to think and learn 
rather than to merely memorize and 
possibly think. This is achieved ‘by 
continual emphasis on the interpreta- 
tion of properties and reactions in terms 
of structural relationships.’ . . . The 
student who takes no more chemistry 
will have a good introduction to or- 
ganic chemistry. . . . The format of 
the volume is pleasing and the illustra- 
tions are excellent.”—Journal of Chem- 
ical Education 


1955, 676 pages, $6.75 


LABORATORY EXPERIMENTS 
IN GENERAL CHEMISTRY 


by J. A. Campbell and 
Luke Steiner 


“This manual should be examined by all 
teachers of general chemistry who wish 
to break away from the lock-step, work- 
book type of manual and have the student 
assume some responsibility for his own 
work in the laboratory.” — Journal of 
Chemical Education 

1955, 216 pages, $3.25 


The Macmillan E 
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INTRODUCTION TO 
SEMIMICRO QUALITATIVE 
CHEMICAL ANALYSIS 


Revised Edition 
by Louis J. Curtman, The College City, 
New York 


“The choice of problems is very good 
for they are directly applicable to the 
laboratory work and are sufficiently 
varied to provide the student with a 
complete understanding of the prin- 
ciples involved. The material in the 
section devoted to theory is particularly 
impressive in its completeness, and it 
provides a much needed foundation 
for the advanced work of quantitative 
analysis and physical chemistry. .. . 
The author most certainly accomplishes 
his purpose of closely coordinating 
theory and laboratory work. Curtman’s 
book is excellent and stands as one of 
the best in its field."—Journal of the 
Franklin Institute 

1950, 391 pages, $4.75 


INSTRUMENTAL 
ANALYSIS 


by Paul Delahay, 
Louisiana State University 


“... the book, as a whole, is excellent. 
Actually, the reviewer considers this 
book to be by far the most satisfactory 
book in the area of textbooks for ‘in- 
strumental analysis’ which has yet been 
published. The book can be heartily 
recommended to teachers looking for 
a satisfactory advanced undergraduate 
and graduate student text as well as to 
chemists who would like a review or 
refresher survey in certain techniques 
of analytical importance.”—Journal of 
Chemical Education 

1957, 384 pages, $7.90 
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QUANTITATIVE 
CHEMICAL ANALYSIS 


Eleventh Edition 


by Leicester F. Hamilton and Stephen 
G. Simpson, both at Massachusetts 
Institute of Technology 


This well-known text has long been 
noted for its balanced combination of 
technique, theory and stoichiometry for 
beginning courses. Now in its eleventh 
edition, the text has been thoroughly 
rewritten, revised, reset and epanded. 
New features include: (1) expanded 
discussions of theory, especially per- 
taining to precipitation and properties 
of solutions; (2) important new mate- 
rial on coulometric methods, the bro- 
mate and iodate processes, and numeri- 
cal methods on optical methods; (3) 
revisions of some of the laboratory 
procedures; and (4) chapter numbers 
at the top of each page facilitating 
reference work. 

1958, 566 pages, 


$5.85 


TEXTBOOK OF 
QUANTITATIVE 


INORGANIC ANALYSIS 
Third Edition 

by I. M. Kolthoff and E. B. Sandell, 
both at the University of Minnesota 


“This text provides practical work and 
theory for a course in elementary 
quantitative analysis and also for a 
course in advanced quantitative anal- 
ysis. The theoretical basis for labora- 
tory techniques is worked out in detail. 
A full description of apparatus and 
materials is given so that the thoughtful 
student can refer to the text and see 
for himself that the laboratory direc- 
tions were wisely chosen. The text 
makes full use of the principles of 
physical chemistry as a basis for the 
methods and techniques employed. The 
student is given a firm foundation in 
the principles of chemistry, an under- 
standing of phenomena observed dur- 
ing the course of analysis, and an un- 
derstanding of the steps in analysis.” 
—School Science & Mathematics 
1952, 759 pages, $6.50 
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Smita, Orsino C. Inorganic Chromatography. 1953 146 pp 
$6.00 D. Van Nostrand Co., Inc. (#173) 
Watter, Hutt, CLARENCE J. and MarKLE, GERALD 
. Advanced Analytical Chemistry. 1956 288 pp $6.50 
Reinhold Publishing Corp. (#174) 
Watton, Haroitp. Principles and Methods of Chemical Analysis. 
1952 '435 pp $9.35 Prentice-Hall, Inc. (#175) 
We tcuer, Frank J. Organic Analy ytical Reagents. 
volumes Volume I 1947 442 pp $10.25 Complete set, 
$38.50 D. Van Nostrand Co., Inc. (# 176) 
Wetcuer, Frank J. Organic Analytical Reagents. In four 
volumes Volume II 1947 530 pp $10.25 Complete set, 
$38.50 D. Van Nostrand Co., Inc. (4177) 
We tcuer, Frank J. Organic Analytical Reagents. In four 
volumes b oa Ill 1947 593 pp $10.25 D. Van Nos- 
trand Co. (#178) 
WELCHER, eres J. Organic Analytical Reagents. In four 
volumes Volume IV 1948 530 pp $10.25 D. Van Nos- 
trand Co., Inc. (#179) 
WILLARD, Hopart H., Merritt, Lynne L., Jr. and Dean, 
Joun A. Instrumental Methods of Analysis. 3rd Edition 
1958 627 pp $7.50 D. Van Nostrand Co., Inc. (#180) 
Yor, J. H. and Kocn, H. J. Trace Analysis. 1957 672 pp 
$12.00 Wiley. (#181) 


QUALITATIVE 


Basor, JoserpH A. and Macaupine, J. Kenneto W. How to 
Solve Problems in Qualitative Analysis. 1943 93 pp $1.25 
Thomas Y. Crowell Co. (#182) 

BarsBer, Hervey Hupparp and Taytor, T. Ivan. Semimicro 
Qualitative Analysis. Revised Edition 1953 404 pp $5.00 
Harper & Brothers. (#183) 

CaLpWELL, E and Kina, G. Brooks. A Brief Course 
in Semimicro Qualitative Analysis. 1953 181 pp $2.95 
American Book Co. (#184) 

CornoG, Jacos. Semimicro Qualitative Analysis. 1948 259 
pp $4.50 Houghton Mifflin Co. (#185) 

Curtman, Louis J. Introduction to Semimicro Qualitative 
Chemical Analysis. 2nd Edition 1950 391pp $4.75 Mac- 
millan. (#186) 

Evans, L., GARRETT, ALFRED B. and Sister, Harry 
H. Semimicro Qualitative Analysis. Revised Edition 1957 
239 pp $3.75 Ginn & Co. (#187) 

Esmarcu. Qualitative Analysis. 1954 285 p 

$4.50 McGraw-Hill. (4188 

THORFIN and JOHNSON, WaRREN C. Introduction 
to Qualitative Analysis and Chemical Equilibrium. 1957 384 
pp $3.95 Henry Holt & Co., Inc. (#189) 

Hoeness, THORFIN and JOHNSON, Warren C. Qualitative 
Analysis and Chemical Ei ilibrium. 4th Edition 1954 621 
pp $5.75 Henry Holt & Co., Inc. (#190) 

Ketsey, Erwin B. and Drerricu, Harotp G. Fundamentals of 
Semimicro Qualitative Analysis. 2nd Edition 1951 328 
pp $4.90 Macmillan. (#191) 

McAtping, Roy K. and Soutz, Byron A. Fundamentals of 
Qualitative Chemical Analysis. 4th Edition 1956 340 pp 
$5.00 D. Van Nostrand Co., Inc. (#192) 

McGooxin, ALEXANDER. Qualitat ive Organic Analysis. 1955 
165 pp $4.50 Reinhold Publishing Corp. (#193) 

MELDRUM and DaGccGett, ALBERT FREDERICK. 
A Tex Qualitative Analysis. 1951 440 p 
American Bost Co. 

MOELLER, THERALD. Qualitative Analysis. 

Mc-Graw-Hill. 

Smiru, Orstno C. Identification and Qualitative Chemical Analy- 
sis of Minerals. 2nd Edition 1953 420 pp $8.50 D. Van 
te Co., Ine. (#196) 

N. Introduction to Semimicro Qualitative Analysis. 

$3.00 Prentice-Hall, Inc. (4197) 

WELCHER, Frank J, Hawn, Ricuarp B. Semimicro 
Qualitative Analysis. 1955 497 pp $8.00 D. Van Nostrand 
Co., Ine (#198) 

West, Purur W,, Vick, Maurice M. and Le Rossn, Arruur L. 
Qualitative Analysis and Analytical Chemical ‘Separations. 
1953 223 p %. $4.50 Macmillan. (#199) 

Wue, Epwin O., Ling, R. and Fiace, Joun F. Semi- 
micro Qualitative Analysis. 2nd Edition 1954 408pp $4.75 
D. Van Nostrand Co., Inc. (#200) 


Sorum 
2nd edition 1953 198 p 


QUANTITATIVE 


ARENSON, Saut B. How to Solve Problems in Quantitative Analy- 
sis. 1942 89 pp $1.25 Thomas Y. Crowell Co. (#201) 

BENEDETTI-PIcHLER, A. A. Essentials of Quantitative Analysis— 
An Introduction to the Basic Unit Operations. 1956 666 p 
$15.00 The Ronald Press Co. (#202 
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BuaEDEL, W. J. and Metocue, V. W. Elementary Quantitative 
Analysis. 1957 702 pp $6.90 Row, Peterson ‘. Co. 
203) 


Cuarvot, G. and Bezier, D. Quantitative Inorganic Analysis. 
#204) 


1957 $15.00 ‘Wiley. 

H and G Quantitative Analysis. 

539 pp $5.50 Wiley. #205 

—— Rosert B. Quantitative Chemical Analysis. 

pp $5.50 W. B. Saunders Co. (#206. 

Ves, S. and Hammonp, G.S. Quaniitative Organic Analysis 
1957 303 pp $6.50 Wiley. (#207, 

Hami.ton, Lercester F. and Simpson, STEPHEN G. Quanti- 
tive Chemical Analysis. 11th Edition 1958 566 pp $5.85 
Macmillan. (#208) 

Kotrtuorr, I. M. and Sanne, E. B. Textbook of Quantitative 
Inorganic Analysis. 3rd Edition 1952 759pp $6.50 - 

an. 

Mac Nevin, MarsHALL and SwEEt, THoMas RICHARD. 
Quantitative Analysis. 1952 247 pp $4.00 Harper & 
(#210) 

MELLon, G. Quantitative Analysis. (Methods of Separa- 
tion and 1 Wikacemoen 1955 694 pp $6.50 Thomas Y. 
Crowell Co. (#211) 

Metiton, M. G. Quantitative Analysis Record Book. 

200 pp Hard cover $1.00 Thomas Y. Crowell Co. 

Mitron, R. F. and Waters, W. A., Editors. Methods of 
Quantitative Micro-Chemical Analysis. 2nd Edition 5 
732 pp $17.50 St. Martin’s Press, Inc. (#212-1) 

OusEeN, AXEL, Kocu, and PIMENTEL, GreorGE. [ntro- 
ductory Quantitative Chemistry. 1956 480 pp $5.50 W. H. 
Freeman & Co. (#213) 

OLsEN, AXEL, ORLEMANN, Epwin and Kocu, [nitro- 
ductory Quantitative Analysis. 1948 308 pp $3.75 W. H. 
Freeman & Co. (#214) 

Ossorn, G.H. Syntheticlon-Exchangers. 1956 194pp $6.00 
Macmill an. (#215) 

Prerce, W. C., Hareniscu, E. L. and Sawyer, D. T. Quanti- 
tative Analysis. 4th Edition 1958 497 pp $5.75 pink 

216) 

Watton, Haroip. Elementary Quantitative Analysis. 1958 
342 pp $5.75 Prentice-Hall, Inc. (#217) 

WELcHER, FRANK J. The Analytical Uses of Ethylenediamine- 
tetraacetic Acid. 1957 366pp $8.50 D. Van Nostrand Co., 

ne. (#218) 

West, W. Calculation of Quantative Analysis. 1948 
162 pp $3.75 Macmillan. (#219) 

Hosart H. and Harvey. Advanced Quantita- 
tive Analysis. 1943 457 pp "$6.50 D. Van Nostrand Co., 
Inc. (#220) 

oo. Hosart H., Furman, N. Howe. and Bacon, E. K. 

A Short Course in Quantitative Analysis. 2nd Edition 1957 
243 pp $4.25 D. Van Nostrand . Inc. (#221) 

Hopartr H., Furman, and BRICKER, 
Cuark A. Elements of rsa Analysis, Theory and 
Practice. 4th Edition 1956 576 pp $6.25 D. Van Nos- 
trand Co., Inc. (#222) 


ORGANIC 


Acueson,R.M. Acridines. (Volume IX—Chemistry of Heter- 
ocyclic Compounds) 1956 422 pp $13.50 Interscience 
Publishers, Inc. (#223) 

Apams, R. Organic Reactions. Volume VII 1953 440 pp 
$10.00 Wiley. (#224) 

Apams, R. Organic Reactions. Volume VIII 1954 437 pp 
$12.00 Wiley. (#225) 

Apams, R. Organic Reactions. Volume IX 1957 468 pe 
$12.00 Wiley (#226) 

ALEXANDER, E. 00 Wily of Ionic Organic Reactions. 
1950 318 Pa Wile (#227) 

ALLEN, C H. ‘Gte-Membored Heterocyclic Nitrogen Com- 
pounds with Four Condensed Rings. (Volume II—Chemistry 
of Heterocyclic Compounds) 1951 359 pp $10.00 Inter- 
science Publishers, Inc. (#228) 

ALLEN, C. F. H. Six-Membered Heterocyclic Nitrogen Compounds 
Containing Three Condensed Rings. (Volume XII—Chemistry 
of Heterocyclic Compounds) 1958 Approx. 581 pp 
$20.00 Interscience Publishers, Inc. 

ALLEN, Milton J. Organic Electrode Processes. 
$6.50 Reinhold Corp. 

AMUNDSEN, LAWRENCE H. Organic Chemistry. 

$5.50 Henry Holt & Co., Inc 
ph My L. G. and BACHMANN, M. K. A Manual for ‘he 
Organic Chemistry Laboratory. 1953 164 pp $3.25 

ArNotp, R. T. Syntheses. Volume XXXII 1952 
119pp $3.50 Wi (#233) 

ELVIN J. SHEtton, J. Rew. Organic Chemist: y. 

1953 771 pp $7.50 Harper & Brothers. (#234) 
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A New Book! 
Negherbon on INSECTICIDES 


(Volume 3 of HANDBOOK of TOXICOLOGY) 


This work, in two volumes, gives you a tabular compila- 
tion of all reported data on toxic effects of various 
chemical agents on insects. The information includes 
such varied data as: The toxicity for higher animals of 
Acrylonitrile; the effect of Aldrin on growth and sur- 
vival of young quail; the effects of DDT on beneficial 
insects; the solubility of Dieldrin at 25°C in representa- 
tive solvents such as: Acetone, Benzene, Fuel Oil, Metha- 
nol, etc.; field experiences using Dichloroethyl Ether in 
the economic control of insects; etc. 


You will find the material logically and conveniently 
arranged by type of chemical agent. Each single item 
of information is documented by reference to an orig- 
inal report in the literature and structural formulas are 
shown for all important compounds. 

By Witu1am O. Necuerson, Ph. D., Prepared under the Direction of the 
Committee on the Handbook of ‘Biologteal Data, National Academy of 

esearch Council. 


Sciences—The National R 2 volumes totalling about 830 
pages, 81/2” X 11”. About $12.00. New—Ready in October! 


New (2nd) Edition! 
von Oettingen — POISONING 


This valuable, up-to-date New (2nd) Edition is already 
a reference of international repute. It gives you an 
alphabetical listing of all known toxic agents. Under 
each agent is a short discussion of signs, symptoms 
and treatment of poisoning. One section of the book 
is devoted to the classification of poisons, the medical 
legal aspects of poisoning and the emergency measures 
and equipment necessary for adequate management of 
toxicologic problems. 


Another section gives you the general principles in the 
treatment of all types of poisoning. 


In this New (2nd) Edition you will find current drugs, 
recently marketed industrial agents and new household 
preparations capable of causing poisoning! 


Here is a very useful reference for the laboratory or 
your home library. 


By W. F. von Orrrincen, M.D., Ph.D., National Institutes of Health, U. S. 
Department. — Health, Education and Welfare. About 620 620 pages, 6" X 91/4". 
New (2nd) Edition—Just Ready! 
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Here are Three Up-to-Date SAUNDERS BOOKS 


New (7th) Edition! 
Harrow and Mazur's 


TEXTBOOK of BIOCHEMISTRY 


Here is a remarkably well developed text, presenting 
a well rounded picture of biochemistry in readable, 
thoroughly up-to-date terms. This New (7th) Edition 
leads the reader naturally from one topic into another 
—fully preparing him for the discussions which follow. 
The authors first give you material on the organic 
constituents of the cell. Next they present a general 
description of enzymes and their mode of action, then 
a full discussion of digestion and absorption. This 
is followed by a study of blood and respiration, which 
introduces biologic oxidation and the intermediary 
metabolism of carbohydrates, lipids, etc. Specialized 
topics, such as energy metabolism, vitamins, immuno- 
chemistry, etc., are reserved for the latter part of the 
book. The improvements and additions which run 
through this revision make it practically a new book. 
Every chapter has been carefully reviewed and brought 
completely up-to-date. Gladly sent to College Teachers 
for consideration as a text! 

By Benzamin Harrow, Ph.D., Professor ABRA- 


Emeritus of Chemistry; 
HAM Mazur, Ph.D., Associate Professor of Chemis , City College, New York. 
557 pages, 61/2” x’ 91/4", with 136 illustrations. $7.50. New (7th) “Edition! 


Order Form 


W. B. SAUNDERS COMPANY 
West Washington Square, Philadelphia 5 


Please send and charge my account: 


; O Harrow and Mazur 
O Negherbon About $12.00 


0 von Oettingen About $12.00 
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Baker, Joun W. Electronic Theories of Organic Chemistry. 
1958 $4.80 Oxford University Press. (#235) 
BamsBas, L. L. Five-Membered Heterocyclic Compounds with 
Nitrogen and Sulfur or Nitrogen, Sulfur and Oxygen (except 
Thiazole). (Volume IV—Chemistry of Heterocyclic Com- 
pounds) 1952 416pp $15.50 Interscience a 
236 
Bemstein’s Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXVIII Part I: Cumulative Subject Index, 
Part I 1955 1289 pp $110.40 Walter J. Ne 
BemstEin’s Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXVIII Part II: Cumulative Subject Index, 
Part II 1956 1183 pp $101.76 Walter J. en 
BertsTEIn’s Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXIX Part I: Cumulative Formula feaes, 
PartI 1956 1183pp $101.76 WalterJ. Johnson, Inc. (#239) 
BerustTein’s Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXIX Part II: Cumulative Formula Index, 
Part II 1956 1166 pp $101.76 Walter J. on, 
240 
Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXIX Part III: Cumulative Formula Index, 
Part III 1957 1029 pp $90.00 Walter J. ere 9 
#241 
Handbuch der Organischen Chemie. 3rd_Supple- 
ment Volume I Part I: Systems 1-15, Acylic Hydrocar- 
bons, Oxy- and Oxo-Compounds ? ? pp $123.84 Walter 
J. Johnson, Inc. (#242) 
Bentiey, K. W. The Alkaloids. (Volume I—The Chemistry 
of Natural Products) 1958 244 pp $5.00 Interscience 
Publishers, Inc. (#243) 
Brriow, Evetyn, Bartu, Rosert H. and Snow, Joun E. 
The Pentaerythritols. 1958 326 pp $10.00 Reinhold Pub- 
lishing Corp. (#244) 
BILtMAN, JoHN H. and CLEeLanp, Evizaseta S. Methods of 
Synthesis in Organic Chemistry. 3rd Edition 1954 255 pp 
$2.75 Distributed by Indiana University Bookstore. Pub 
lished by authors. (#245) 
Buartr, A. H. Organic Syntheses. Collective Volume II 1943 
654 pp $12.00 Wiley. (#246) 
Bouiensack, G. N. Methyl Glucoside: Preparation, Physical 
Constants, Derivatives. 1958 183pp $5.50 Academic Press 
Inc. (#247) 
Bounpy, R. H. and Boyer, R. F. Styrene. 1952 1321 pp 
$22.50 Reinhold (#248) 
Braupg, E. A. and Nacuop, F. C., Editors. Determination of 
Organic Structures by Physical Methods. 1955 810pp $15.00 
Academic Press, Inc. (#249) 
Brewster, Ray Q. Organic Chemistry. 2nd Edition 
855 pp $7.75 Prentice-Hall, Inc. 
Brewster, Ray Organic Chemistry, A Brief Course. 
409 pp $6.50 Prentice-Hall, Inc. # 
Burr, Jonn G., Jn. Tracer Applications for the Study of Organic 
Reactions. 1957 301 pp $7.50 Interscience Publishers, 


Ine. (#252) 
Carrns, T. L. Organic Synthesis. Volume XXXV_ 1955 
pp $3.75 Wiley. (#253) 
CampaiGng, E., Hart, Haroup and Scnuetz, Ropert D. A 
Laboratory Manual for a Short Course in Organic Chemistry. 
153 Be $2.75 Houghton Mifflin Co. ~ (#254) 
J. mic Syntheses. Volume XXXVII 1957 109 
pp $4.00 iley. (#255) 
Cason, JAMEs. Essential Principles of Organic Chemistry. 1956 
530 pp $7.50 Prentice-Hall, Inc. (#256) 
Cason, JamMEs and Rappaport, Henry. Laboratory Text in 
Organic Chemistry. 1950 416pp $4.50 Prentice-Hall, Inc. 


Cassipy, H. G. Fundamentals of Chromatography. 
X—Technique of Organic Chemistry) 1957 465 pp $11.00 
Interscience Publishers, Inc. (#258) 

CuaBEREK, 8S. and MarTEL, A. E. Organic Sequestering Agents. 
November, 1958 Approx. 496 pp Approx. $18.50 wan) 

259 

Cueronis, Nicwotas D. Micro and Semimicro 
(Volume VI—Technique of a Chemistry) 1954 650 
pp $13.50 Interscience Publishers, Inc. (#260) 

Cueronis Nicuo.as D. Semimicro Experimental Organic Chem- 
istry. 1958 440 pp $5.50 John de Graff. (#260-1) 

Cueronis, D. and ENTRIKIN, JoHN B. Semimicro 
Qualitative Organic Analysis: The Systematic Identification of 
Organic Compounds. 2nd Edition Revised and enlarged 1957 
788 pp $10.00 Interscience Publishers, Inc. (#261) 

Ciapp, Leattyn. Chemistry of the Covalent Bond. 1957 698 
pp $7.50 W.H. Freeman & Co. (#262) 

Conant, James H, and Buatt, AtBert H. Chemistry of Organic 
Compounds. 4th Edition 1952 665 pp $6.50 acmillan. 

(#263) 


Conant, James H. and Biart, ALBert H. Fundamentals of 
Organic Chemistry. 1950 413pp $5.50 Macmillan. (#264) 
Cook, A. H., Editor. The Chemistry and Biology of Yeasts. 
763 pp $22.00 Academic Press, Inc. (# 
Cook, P., Editor. Cholesterol: 
Pathology. 1958 542 pp $15.00 Academic eae 
Cook, J. W., Editor. Progress in Organic Chemistry. Volume 
IV 1958 256 pp $8.80 Academic Press, Inc. (#267) 
Cops, A. C. Organic Syntheses. Volume XXX 1950 115 pp 
$3.00 Wiley. 268 
Decerine, E. F. Organic Chemisiry. 7th Edition 1958 422 
pp $1.95 Paperbound Barnes & Noble. (#269) 
Dun op, A. P. 1953 892pp $22.50 Reinhol 
Publishing 
ELDERFIELD, R.C. Heterocyclic Compounds. 
674 pp $21.00 Wiley. _ (#271) 
ELDERFIELD, R. C. . Heterocyclic Compounds. Volume V_ 1957 
744 pp $20.00 Wiley. #272) 
ELDERFIELD, R.C. Heterocyclic Compounds. Volume VI 1957 
753 pp $25.00 Wiley. (#273) 
EnGuisH, JAMES and Cassipy, Haroup. Principles of Organic 
Chemistry. 2nd Edition 1956 512 pp $6.50 McGraw- 
Hill. (#274) 
Erickson, G., Witey, Paut F. and Wystracu, V. P. 
The 1,2,3- and 1,2,4 Triazines, Tetrazinzes and Pentazines. 
(Volume X—Chemistry of Heterocyclic Compounds) 1957 
274 pp $11.50 Interscience Publishers, Inc. (#275) 
Fercuson, Luoyp N. Electron Structures of Organic Molecules. 
1952 335 pp $7.25 Prentice-Hall, Inc. (#276) 
Ferguson, Luoyp N. Textbook of Organic Chemistry. 
620 pp: (?) D. Van Nostrand Co., Inc. ( ; 
Frieser, L. F. Experiments in Organic Chemistry. 3rd Edition 
Revised 1957 359 pp $5.75 D.C. Heath & Co. (#278) 
Freser, L. F. and Freser, M. Introduction to Organic Chemis- 
try. 1957 616pp $7.00 D.C. Heath & Co (#279) 
Fieser, Louis and Freser, Mary. Organic Chemistry. 3rd 
Edition 1956 1118 pp $10.00 Reinhold Publishing Corp. 


Fuson, R. C. Advanced Organic Chemistry. 
$9.00 Wiley. 
, R. C. and Snyper, H. R. Organic Chemistry. 2nd 
Edition 1954 544pp $6.50 Wiley. (#282) 
Gaytorp, Norman D. Reduction with Complex Metal Hydrides. 
1956 1062pp $16.50 Interscience Publishers, Inc. (#283) 
Gitman, H. ganic Chemistry. Volume III 1953 607 pp 
$12.50 Wiley. (#284) 
Gruman, H. Chemistry. Volume IV 1953 692 pp 
$12.50 Wiley. (#285) 
Guan, H. and Buarr, A. H. Organic Syntheses. Collective 
VolumeI 1941 580pp $11.50 Wiley. (#286) 
Hammet, Louts. Organic Chemistry. 
$7.50 McGraw-Hill. 
Hart, and Scuuetz, A Short Course in 
Chemistry. 1953 326 pp $5.25 Houghton 
0. #288) 
Hartouen, H. D. Thiophene and Its Derivatives. (Volume 
II1I—Chemistry of Heterocyclic Compounds) 1952 552 pp 
$17.50 Interscience Publishers, Inc (#289) 
Hartovueu, H. D. and MEIsEL, 8. a Compounds with Condensed 
Thiophene Rings. (Volume VI—Chemistry of Heterocyclic 
Compounds) 1954 532pp $18.00 Interscience et 
7 #290) 
1955 324 pp $4.75 
(#291) 


he Furans. 


Lewis. Organic Chemistry. 
McGraw-Hill. 
Hatcu, L. F. Higher Oxo Alcohol. 1957 120 pp - $4.50 
Wiley. (#292) 
Hersron, I. M. and Bunsury, H. M., Editors. Dictionary of 
Organic Compounds. In four volumes 1953 $100.00 Ox- 
ford University Press. (#293, #294, #295, #296) 
Hermans, P. H. Introduction to Theoretical Organic Chemistry. 
1954 507 pp $8.50 D. Van Nostrand Co., Inc. (#297) 
Hicxinsotrom, W. J. Reactions of Organic Compounds. 3rd 
— 1957 620 pp $8.75 ngmans, Green a 
ne. 98) 


Hiprrcn, T. P. Chemical Constitution of Natural ser 3rd 


Edition 1956 664 pp $16.00 
Hine, Jack. Physical Organic Chemistry. 

McGraw-Hill. 
HormMann, Kzuaus. 


Wiley. 299) 
1956 497pp $9.00 
(#300) 


Imidazole and Its Derivatives. Part | 
(Volume VI—Chemistry of Heterocyclic Compounds) 1953 
465 pp $15.00 Interscience Publishers, Inc. (#301) 

Hornine, E. C. Organic Syntheses. Collective Volume !i! 
1955 890 pp $15. Wiley. (#302) 

Hucket, W. Theoretical Principles of Organic Chemisi’y. 
Volume I 1955 904 pp $16.50 D. Van Nostrand Co., 
Inc. (#303) 

Hucket, W. Theoretical Principles of Organic Chemisiry. 
Volume II 1958 1040 pp $19.00 Van (#304) 
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ELECTRONIC THEORIES OF ORGANIC CHEMISTRY 


By G. I. Brown and A. N. Binder. A brief and simple discussion of atomic structures, inter- 
atomic bonds, covalent bonds, the structure of benzene, substitution in the benzene rii_3z, 
hydrogen bonding, and reaction mechanisms. October 1958. 224 pp. 5 by 7% in. $3.00. 


ELEMENTARY PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel. Principles and techniques, based on small scale preparations. 
Complete Edition. 1958. 890 pp. 5 by 834 in. $9.00. 


Also in three parts, sold separately: 

Part I: Small Scale Preparations. 1957. 362 pp. $4.50. 

Part II: Qualitative Organic Analysis. 1957. 320 pp. $4.50. 
Part III: Quantitative Organic Analysis. 1958. 242 pp. $4.50. 


PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel. Comprehensive survey, suitable for the advanced student and the in- 
dustrial chemist. Third Edition. 1956. 1188 pp. 614 by 10in. $12.00. 


REACTIONS OF ORGANIC COMPOUNDS 


By W. J. Hickinbottom. Analysis and identification in terms of reactions of func- 
tional groups. Third Edition. 1957. 620 pp. 5% by 8 in. $8.75. 


INORGANIC CHEMISTRY 


By E. de B. Barnett and C. L. Wilson. For the second course, covering recent developments. 
Second Edition. 1957. 588pp. 6by10in. 94 figs. $7.00. 


A PROPOSED INTERNATIONAL CHEMICAL NOTATION. 


Tentative edition, sponsored by the International Union of Pure and Applied Chem- 
istry, based mainly upon the Dyson system of linear ciphers. 1958. 184 pp. $7.00. 


MELLOR’S INORGANIC AND THEORETICAL CHEMISTRY 

Sixteen volumes (1922-37), 6144 by 9in. Each: $27.50. 

Supplement II, Part I: The Halogens. 1956. 1153 pp. $35.00. 
Supplement II, Part II: The Alkali Metals. About 1150 pp. Nov. 1958. 
Supplement VIII, Part I: Nitrogen. In preparation; ready, late 1959. 


DICTIONARY OF PHYSICS 


Edited by H. J. Gray. Convenient reference for students, teachers, technicians and 
specialists, in physics and related sciences. 1958. 544 pp. 6% by 10 in. 450 figs. 
$16.50. 


LONGMANS, GREEN AND CO., Inc. 


119 West 40th Street, New York 18, N. Y. 
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Jenkins, G. L., Harrune, W. H., Dara, J. B. and Hamuin, K. 
E. The Chemistry of Organic Medicinal Products. 4th Edition 
1957 569 pp $10.75 Wiley. (#305) 

Jounson, W. S. Organic Syntheses. Volume XXXIV_ 1954 
121 pp $3.50 Wiley. (#306) 

Kuarascu, M. S., ErsenpRatH, Cart W. and REINMUTH, 
Orro. Grignard Reactions of Non-Metallic Substances. 1954 
1384 pp $17.50 Prentice-Hall, Inc. (#307) 

Ke.iey, Lovutse. Organic Chemistry. 1957 728 pp $7.50 
McGraw-Hill. (#308) 

Kuiyne, W. and De La Marg, P. B. D., Editors. Progress 
in Stereochemistry. Volume II 1958 323 pp $8.80 Aca- 
demic Press, Inc. (#309) 

Lerr.er, JoHn E, The Reactive Intermediates of Organic Chem- 
istry. 1956 285 pp $6.75 Interscience Publishers, aa 
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Leonarp, N. J. Organic Syntheses. Volume XXXVI_ 1956 
120 pp $3.75 Wiley. (#311) 

LinsteaD, R. P. and WeeEpon, B. C. L. A Guide to Qualitative 
Organic Chemical Analysis. 1957 169 pp $4.50 —- 

#312 


Luss, H. A. The Chemistry of Synthetic Dyes and Pigments. 
1955 748pp $18.50 Reinhold Publishing Corp. (#314) 
Lucas, H. J. and Pressman, D. Principles and Practice in 
Organic Chemistry. 1949 a $7.25 Wiley. (#315) 
Lucas, Howarp J. Organic Chemistry. 2nd 1953 
768 pp $7.50 American Book Co. (#316) 
Macy, Scpenen. Organic Chemistry Simplified. 2nd Edition 
Revised and enlarged 1955 611 pp $12.00 Chemical 
Publishing Co., Inc. (#317) 
Mann, Frepertck Georce. The Heterocyclic Derivatives of 
poss, wae Arsenic, Antimony, Bismuth and Silicon. (Vol- 
ume I—Chemistry of Heterocyclic Compounds) 1950 190pp 
$6.25 Interscience Publishers, Inc. (#318) 
Manskg, R. H. F. and Hotes, H. L., Editors. Pharmacology. 
(Volume V—The Alkaloids) 1955 388pp $9.50 Academic 
Press, Inc. (#319) 
MarveL, C. 1955 140 pp $3.75 
Wiley. (#320) 
MarveEL, E. N. and Logan, A. V. An Introduction to the Chem- 
ical Properties of Organic Compounds. 1955 326 pp $4.75 
Wiley. (#321) 
Mc Etvain, SamuEL M. The Characterization of Organic Com- 
pounds. 2nd Edition 1953 303 pp $5.25 acmillan. 


(#322) 
Megson, N. J. L. Phenolic Resin Chemistry. 1958 323 pp 
$10.80 Academic Press, Inc. (#323) 
MIGRDICHIAN, VARTKES. Organic Synthesis. In two volumes 
1957 1866 pp Two volumes, $35.00 (Not sold separately) 
Reinhold Publishing Corp. (4324 and #325) 
Moutpon, Hueu C. and Buake, Martin I. Systematic Organic 
Chemistry. 1957 779 pp $7.75 McGraw-Hill. (#326) 
Murray, III, ArtHur and D. Luoyp. Organic Syn- 
thesis with Is s. In two parts. Part I 1958 1156 pp 
$25.00 Part If In preparation. Interscience Publishers, 
Ine. (#327) 
Newman, M. S. Steric Factors in Organic Chemistry. 1956 
710 pp $12.50 Wiley. (#328) 
Nouuer, Cart R. Chemistry of Organic Compounds. 2nd Edi- 
tion 1957 978pp $9.00 . B. Saunders Co. 
Cart R. Textbook of Organic Chemistry. 
pp $7.00 W. B. Saunders Co. (#330) 
Perkin, W. H. Centenary. ? ? pp $7.50 Pergamon Press. 
#331) 
Pigman, W., Editor. The Carbohydrates: Chemistry, 
istry, Physiology. 1957 902 pp $20.00 Adademic Press, 
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. (#332) 
Price, C. C. saga Syntheses. Volume XXXIII 1953 115 
pp $3.50 Wiley. (#333) 
REED, Rowanp, I. and Tucker, 8. Horwoop. Organic Chem- 
istry, Electronic Theory and Reaction Mechanism. 1956 
128 pp $3.00 St. Martin’s Press, Inc. (4333-1) 
Rietz, Epwarp G. and B. Problems in Organic 
Chemistry. 1953 523 PP $4.95 Prentice-Hall, Inc. (#334) 
Rosertson, G. Ross. boratory Practice of Organic Chemis- 
try. 3rd Edition 1954 377 pp $4.25 Macmillan. (#335) 
Rocuow, E. G. Introduction to the Chemistry of the Silicones. 
2nd Edition 1951 213 pp $6.00 Wiley. (#336) 
Ropp, E. H. Chemistry of Carbon Compounds. Volume III 
Part B 1956 982 pp $30.00 D. Van Nostrand (#337) 
Ropp, E. H. Chemistry of Carbon Compounds. Volume IV 
Part A 1958 808 pp $28.00 D. Van Nostrand Co., Inc. 
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Royats, E. Earu. Advanced Organic Chemistry. 1953 948 
pp $12.00 Prentice-Hall, Inc. (#339) 
ScurerBer, R. S. Organic Syntheses. Volume XXXI_ 1951 
122 pp $4.00 Wiley. (#340) 
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Suirtey, D. A. Preparation of Organic Intermediates. 1951 
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Shoppee, C.W. Chemistry of the Steroids. 
Academic Press, Inc. 2 
Suriner, R. L., Fuson, R. C. and Curtin, D. Y. Systematic 
Identification of Organic Compounds. 4th Edition 1956 
426 pp $6.00 Wiley. (#343) 
Sieara, 8. Quantitative Organic Analysis via Functional Groups. 
2nd Edition 1954 227 pp $5.25 Wiley. é 
SrmonsEn, Sir JoHn and Ross, W. C. J. The Terpenes. 
ume V—The Triterpenes and Their Derivatives) 1958 672 
pp $15.50 Cambridge University Press. (#345) 
Smmpson, J. C. E. Condensed Pyridazine and Pyrazine Rinis 
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ny of Heterocyclic Compounds) 1953 410 jp 
$14.00 Interscience Publishers, Inc. (#346) 
Situ, W. T. and Suriner, R. L. Examination of New Organ ic 
Compounds. 1956 136 pp $3.50 Wiley. (#347) 
Stone, K. G. Determination of Organic Compounds. 1956 
233 pp $5.50 McGraw-Hill. (#348) 
Sumprer, W. C. and F. M. Heterocyclic Compoun:s 
with Indole and Carbazole Systems. (Volume VIII—Chemis- 
try of Heterocyclic Compounds) 1954 319 pp $11.0 
Interscience Publishers, Inc. (#349) 
Swan, G. A. and D.G.1I. Phenazines. (Volume XI — 
Chemistry of Heterocyclic Compounds) 1957 712 pp 
$23.00 Interscience Publishers, Inc. (#350) 
THEILHEIMER, W. Synthetic Methods of Organic Chemistry. 
Volume XII 1958 Approx. 560 pp $22.25 Interscience 
Publishers, Inc. (#351) 
Tuomson, R. H. Naturally Occurring Quinones. 1957 302 pp 
$9.00 Academic Press, Inc. (#352) 
Topp, Str ALEXANDER, Editor. Perspectives in Organic Chemis- 
try. (A volume dedicated to Sir Robert Robinson) 1956 
537 pp $9.00 Interscience Publishers, Inc. (#353) 
UNDERKOFLER, LELAND A. A Brief Introduction to Organic 
Chemistry. 1953 352 pp $5.00 D. Van Nostrand Co., 
Ine. (#354) 
VoceL, ArtHur I. Elementary Practical Organic Chemistry. 
hree parts, complete 1958 890 pp $9.00 Longmans, 
Green & Co., Inc. (#355) 
Voce, Arruur I. Practical Organic Chemistry. 3rd Edition 
1956 1188pp $12.00 Longmans, Gen Oo. Inc. (#356) 
Waener, R. B. and Zoox, H. D. Synthetic Organic Chemistry. 
1953 887 pp $13.50 Wiley. (#357) 
Watuine, C. Free Radicals in Solution. 1957 631 pp $14.50 
Wiley. (4358) 
WetssBERGER, A., Editor. Technique of Organic Chemistry. 
Volume II In two parts. (Part E Separation and Purifica- 
tion.) 1956 883 pp $18.50 Interscience ee Ine. 
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WEIssBERGER, A., Editor. Technique of Organic Chemistry. 
Volume II Intwoparts (Part II: Engineering. ) 
1957 401 pp $9.50 Interscience Publishers, Inc. (#360) 
WHELAND, G. W. Advanced Organic Chemistry. 2nd Edition 
1949 799 pp $10.50 Wiley. (#361) 
WHELAND, G. W. Resonance in Organic Chemistry. 1955 846 
pp $15.00 Wiley. (#362) 
Wotrrom, M. L. and Tipson, R. S., Editors. Advances in Car- 
bohydrate Chemistry. Volume XII 1957 367 pp $10.00 
Academic Press, Inc. ( #363 
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1953 284 pp $8.50 Wiley. 
BaGnati, K. W. Chemistry of the Rare Radioelements. 
177 pp $5.00 Academic Press, Inc. ’ (#369) 
Bartar, JoHN C. The Chemistry of the Coordination Compouids. 
1956 844pp $18.50 Reinhold Publishing Corp. (#370) 
JoHn. Inorganic Syntheses. Volume IV 1953 218 
pp $6.00 McGraw-Hill. (#371) 
Barnett, E. de B. and Wiuson, C. L. Inorganic Chemisiry, 
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Boots, Harotp Simmons. Inorganic Volume I 
1939 197 pp $6.00 McGraw-Hill. (#374) 
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Coates, G. E. Organo-Metallic Compounds. 
$2.50 Wiley. 

Emeteus, H. J. and ANperson, J. 8. Modern Aspects of In- 
organic Chemistry. 2nd Edition 1952 557 pp $7.25 D. 
Van Nostrand Co., Inc. (#378 

Ferne.ius, W.C. Inorganic Syntheses. VolumeII 1946 293 
pp $6.00 McGraw-Hill. (4379) 

GitreatH, Esmarcu. Fundamental of Inorganic Chem- 
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Johnson, Inc. (#383) 
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Nacuop, F. C. and Scuvusert, J., Editors. Jon Exch: ngé 
Technology. 1956 660 pp $15.00 Academic tt r 
$443) 
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ACADEMIC PRESS BOOKS 


ALTSCHUL, A. M. (ed.) 
PROCESSED PLANT PROTEIN 
FOODSTUFFS 
May 1958, 955 pp., illus., $26.00 


BAMFORD, C. H., BarB, W. G., JENKINS, A. D., 
and Onyon, P. F. 

THE KINETICS OF VINYL 
POLYMERIZATION BY RADICAL 
MECHANISMS 

July 1958, 318 pp., illus., $8.80 


BIKERMAN, J. J. 
SURFACE CHEMISTRY 
Theory and Applications 
SECOND EDITION 
February 1958, 501 pp., illus., $15.00 


BRACHET, J. 
BIOCHEMICAL CYTOLOGY 
1957, 516 pp., illus., $8 80 


Coates, V. J., NOEBELS, H. J., and FAGERSON, 
I. S. (eds.) 

GAS CHROMATOGRAPHY 
Proceedings of a Symposium held under the 
Auspices of the Analysis Instrumentation Divi- 
sion of the Instrument Society of America 

July 1958, 323 pp., illus., $10.00 
After October 1, 1958, $12.00 
Cook, A. H. (ed.) 
THE CHEMISTRY AND BIOLOGY OF 
YEASTS 
January 1958, 763 pp., illus., $22.00 


Cook, R. P. (ed.) 
CHOLESTEROL 
Chemistry, Biochemistry, and Pathology 
May 1958, 542 pp., illus., $15.00 


DANIELLI, J. F. (ed.) 
GENERAL CYTOCHEMICAL METHODS 
Volume 1 
June 1958, 471 pp., illus., $12.80 


Drxon, M., and WEBB, E. C. 
ENZYMES 
May 1958, 782 pp., illus., $16.00 


EpsALL, J. T., and WyMaN, J. 
BIOPHYSICAL CHEMISTRY 
Volume 1. Thermodynamics, Electrostatics, and 
the Biological Significance of the Properties of 
Matter 
January 1958, 699 pp., illus., $14.00 


FIELD, F. H., and FRANKLIN, J. L. 
ELECTRON IMPACT PHENOMENA 
and the Properties of Gaseous Ions 
1957, 349 pp., illus., $8.50 
JABLONSKI, S. 


RUSSIAN-ENGLISH MEDICAL DICTIONARY 
Edited by B.S. Levine 


September 1958, 423 pp., approx. $11.00 


Janz, G. J. 
ESTIMATION OF THERMODYNAMIC 
PROPERTIES OF ORGANIC COMPOUNDS 
June 1958, 211 pp., illus., $6.00 


KAUZMANN, W. 


QUANTUM CHEMISTRY 
An Introduction 
1957, 744 pp., illus., $12.00 


KHARBANDA, Om P. 
NOMOGRAMS FOR CHEMICAL ENGINEERS 
September 1958, 247 pp., illus. 


Lacey, W. N., and Sace, B. H. 


THERMODYNAMICS OF ONE-COMPONENT 
SYSTEMS 


1957, 376 pp., illus., $8.00 


MEGcson, N. J. L. 
PHENOLIC RESIN CHEMISTRY 
April 1958, 323 pp., illus., 810.80 


MEHLER, A. H. 
INTRODUCTION TO ENZYMOLOGY 
1957, 425 pp., illus., $10.80 


MEISTER, A. 
BIOCHEMISTRY OF THE AMINO ACIDS 
1957, 485 pp., illus., $10.00 


PIGMAN, W. (ed.) 


THE CARBOHYDRATES 
Chemistry, Biochemistry, Physiology 
1957, 902 pp., illus., $20.00 


SHOPPEE, C. W. 


CHEMISTRY OF THE STEROIDS 
January 1958, 314 pp., illus., $9.00 


H. M. (ed.) 


ESSENTIAL FATTY ACIDS 


Proceedings of the Fourth International Con- 
ference on Biochemical Froblems of Lipids, Oxford 


September 1958, 268 pp., illus., $9.50 


Detailed literature available upon request 
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Announcing REINHOLD 
College Textbook Editions 


The Reinhold College Department has lowered prices of several Reinhold scientific books to betier 
serve educational needs. These price reductions apply to those Reinhold titles which have proved 
useful as adopted textbooks or supplemental student references. . 
College editions of immediate interest to chemical educators are described below. All prices shown 
are college prices only. These titles ordered for other than college use will be billed at usual non- 


educational prices. 


Analytical Chemistry 


GAS CHROMATOGRAPHY 

by A. I. M. KeuLemans, Research Chemist, Koninklijke /Shell- 
Laboratorium, Amsterdam. This thorough book, written by the 
leading authority on the subject, is a remarkably clear account 
of the practical and theoretical aspects of these rapidly growing 
methods of separation. Includes the many new procedures. 
1957. 238 pages. College Edition $6.25 


ADVANCED ANALYTICAL CHEMISTRY 


by Water WacGNER, CLARENCE J. and Geratp E. 
MarkLE, all of The University of Detroit. First to cover newest 
chemical and physiochemical methods of Seupente analysis as 
well as established classical methods. Describes gas analysis, 
thermogravimetric analysis and statistical procedures for the 
ge in a textbook. 1956. 288 pages. College Edition 


QUALITATIVE ORGANIC ANALYSIS 


by ALEXANDER Mc Gookin, Senior Lecturer in Organic Chem- 
istry, The University, Liverpool, England. A practical scheme 
of organic analysis used successfully by the author for over 30 
years with chemistry students. Emphasizes scientific method 
rather than mere laboratory technique, and outlines each method 
in terms of experiment—observation—inference to show the 
student what to look for and how to work out the necessary 
steps. 1955. 165 pages. College Edition $3.75. 


NEW METHODS IN ANALYTICAL CHEMISTRY 


by RonaLp BEtcuer, University of Birmingham, England, and 
Ceci. L. Wixson, The Queen’s University of Belfast. Skilfully 
compiles a selected group of analytical methods that have either 
been only very recently discovered, or hidden in the vast litera- 
ture of analytical chemistry. All are based on classical tech- 
niques. 1955. 297 pages. College Edition $5.00. 


Organic Chemistry 


ORGANIC PROTECTIVE COATINGS 


edited by W. Von Fiscner, Head, Dept. of Chemistry and 

Chemica Engineering, Case Institute of Technology. Solutions 

to the — of formulation, specification and application. 

Covers for the student the fundamental theory and practice of 
aint as an engineering material. 1953. 400 pages. College 
dition $6.25. 


PAINT AND VARNISH TECHNOLOGY 


edited by W. Von Fiscuer, Heod, Dept. of Chemistry and 
Chemical Engineering, Case Institute of Technology. A com- 
plete survey of the chemistry, formulation, manufacture, and 
5 me of paints, varnishes, lacquers and enamels. There 
is broad coverage of exposure tests, viscosity, film properties, 
hiding power, application technique and surface preparation. 
1948. 505 pages. College Edition $7.10. 


Chemical Engineering 


- NOMOGRAPHY AND EMPIRICAL EQUATIONS 


by Date S. Davis, Professor of Chemical Engineering, Virginia 
Polytechnic Institute. Explains the many engineering applica- 
tions of empirical equations and nomography, and shows how 
to employ these tools to speed up calculations. Special features 
pad om a short-cut method of interpolation; tables and tech- 
niques for rectifying sigmoid curves; material on graphical 
anamorphosis; and over 360 problems from industry. 1955. 
242 pages. College Edition $5.65. 


ELEMENTS OF FOOD ENGINEERING. 3 Volumes. 


by Mitton E. Parker, Chairman, Dept. of Food Engineering, 

Illinois Institute of Technology. Treats the production, prepa- 

ration, processing, handling and distribution of foods from a 

unit operation and unit process viewpoint. Vol. 1 outlines the 

engineering factors involved. Vol. 2 covers assembling and 

preparing raw materials. Vol. 3 describes raw material conver- 
sion and treatment of final products. College Edition. 

Vol. 1. 1952. 392 pages. $7.30 

Vol. 2. 1954. 360 pages. $7.10 

Vol. 3. 1954. 247 pages. $5.65 

Combination Price—All 3 Volumes $14.60 


CHEMICAL PROCESS MACHINERY 
2nd Edition 


by E. RayMonp RiecEL, Professor of Industrial Chemistry, Uni- 
versity of Buffalo. Describes and illustrates latest developments 
in the equipment of the chemical and process industries. _ In- 
cludes such striking devices as multospheres and multicylinders, 
high-speed centrifugal separators, the P-A cyclonic spray tower, 
the P-A Venturi scrubber, continuous crystallizers, absorption 
refrigerators and the turbo-dryer. 1953. 743 pages. College 
Edition $11.25. 


INDUSTRIAL WASTES 


edited by Rupotrs, New Jersey Agricultural Exyeri- 
ment Station, Rutgers University. An authoritative presenta- 
tion of industrial waste problems by ee experts. In- 
structs the student in correcting waste discharge to meet statu- 


be requirements. An ACS Monograph. 1953 510 pages. 
College Edition $7.90. 


Industrial Chemistry 


INDUSTRIAL CHEMISTRY. 5th Edition. 


by E. RayMonp Rieck, Professor of Industrial Chemistry, Uni- 
versity of Buffalo. This best-selling, universally acclaimed |)ook 
covering 50 major industries is especially designed for stu: ents 
who need a handy cross-section presentation of the cheriica 
and process industries. Replete with production figures, t«)les, 
charts, and diagrams of equipment. 1949. 1,020 pages. Col- 
lege Edition $8.35. 


Send for your examination copies 


JOURNAL OF CHEMICAL EDUCATION 


i 4 
4 
4 
| 
ich. 
} 
| 
ty 
} 
i 
j 
| 
i 
( 
I 
| 
Be 
pe 
| 
Ware 7 
A442 
4 


shown 
al non- 


Virginia 
applica- 
ows how 
| features 
ind _tech- 
graphical 
r, 1955. 


es. 

tineering, 
n, prepa- 
s from a 
lines the 
ling and 
1 conver- 


try, Uni- 
Jopments 
ries. In- 
oylinders, 
ay tower, 
bsorption 

College 


Experi- 
presenta- 
arts. In- 
2et statu- 
0 pages. 


try, Uni- 
hook 
stucients 
chemica 
2S, tables, 
es. Col- 


copies 


ICATION 


Physical Chemistry 


FUNDAMENTALS OF HIGH POLYMERS 

by O. A. Battista, Head of Analytical Group, Research and 
Development Div., American Viscose Corp. A basic orienta- 
tion text that covers every important area of high polymer sci- 
ence. Here is a unique apo written especially to 
provide a basic knowledge of this vast field. 1958. 150 pages. 
College Edition $4.60. 


THE PHYSICAL CHEMISTRY OF ELECTROLYTIC 
SOLUTIONS. Third Edition. 

by Hersert S. HarNep and B. Owen, both of Yale 
University. The distinguished work that will stand unsurpassed 
for many years to come. It is a “must” for graduate work in- 
volving solutions of electrolytes. 1958. 838 pages. College 
Edition $16.70. 


‘Petroleum 


THE CHEMISTRY OF PETROCHEMICALS 

by Metvin J. AstLe, Professor of Organic Chemistry, Case 
Institute of Technology. Up-to-date in every respect, this book 
offers a systematic survey of the petrochemical industry. It 
describes the preparation and important chemical reactions of 
industrial chemicals made directly or indirectly from petroleum 
hydrocarbons. 1956. 273 pages. College Edition $6.25. 


VOLUMETRIC AND PHASE BEHAVIOR 
OF OIL FIELD HYDROCARBON SYSTEMS 


by M. B. Sranpine, California Research Corp. Collects into a 
single volume the scattered data on the behavior of hydrocarbon 
systems in petroleum reservoirs. Covers gases, condensate sys- 
tems and dissolved gas systems. 1952. 125 pages. 9 x 12. 
College Edition $8.35. 


Textile Chemistry 


TEXTILE CHEMICALS AND AUXILIARIES 
Second Edition. 


edited by Henry C. Speex and E. W. K. Scuwanrz, Chemical 
Consultants. is is the second, revised edition of a boo 
dealing primarily with the significant role of chemicals used in 
the processing, fabrication, dyeing or finishing of a fiber into a 
4 textile article. 1957. 545 pages. College Edition 
$11.25. 


Agricultural Chemistry 
CHEMISTRY OF PLANTS 


by Erston V. Mitxer, Research Professor of Botany, Univer- 
sity of Pittsburgh. Consists of a concise discussion of the 
chemical constituents of plants, including recent developments 
in plant hormones, enzymes, carbohydrates, vitamins and chem- 
istry of photosynthesis. Each chapter begins with simple ter- 
minology and moves progressively and gradually to more pro- 
found phases. 1957. 182 pages. College Edition $4.60. 


CHEMISTRY AND USES OF PESTICIDES. 
Second Edition. 


by E. R. DE Onc, Consulting Entomologist and Agricultural 
Technologist. Includes new information on insecticides, fungi- 
cides, herbicides, rodenticides, repellents and seed disinfectants. 

covers newest synthetic organic compounds. Features a 
dictionary of 500 pesticide names, and accepted tolerances for 
pesticide residues on fresh fruits and vegetables. 1956. 342 
pages. College Edition $7.30. 


HANDBOOK OF FOOD AND AGRICULTURE 


edited by Frep C. BLANcK, Consultant to U.S. Dept. of Agri- 
culture. A gigantic, one-volume reference that provides stu- 
dents with expert information on the newest applications of 
science to the food and agricultural fields. Covers in concise 
form: soils and plant growth, fertilizers, insecticides, nutrition, 
storage of raw products, f processing, preservation, spoilage, 
packaging, quality control, and waste disposal. 1955. 1,048 
pages. College Edition $12.50. 


CHEMISTRY OF THE SOIL 


edited by Fmman E. Bear, Former Chairman, Dept. of Soils, 
Rutgers University. Describes chemical aspects of soils in rela- 
tion to their development, present constitution, and uses. Covers 
composition, colloids, organic matter relationships, oxidation- 
reduction phenomena, nutrient fixation, and trace element chem- 


istry. An ACS Monograph. 1955. 383 pages. College Edi- 
tion $7.30, 


The REINHOLD 
College Textbook Department 
is pleased to announce the appointment of 


HARRY S. SISLER, Ph.D. 


Chairman, Department of Chemistry 
University of Florida 


as Consulting Editor in Chemistry 


The forthcoming Textbook Series to be 
sponsored by Dr. Sisler will be known as the 
PHysICAL AND INORGANIC CHEMISTRY SERIES 


Automation and Instrumentation 


AUTOMATIC CONTROL: 
Principles and Practice 


by Werner G. Houzsock, Chief Engineer, Askania Regulator 
Co. A fundamental text that offers the practical results of 
scientific research on contro] systems in nonraathematical terms. 
Throughout, the aim is to allow the student to derive direct 
benefits by understanding the design and application of control 
systems for automatic processes. 1958. 266 pages. College 
Edition $6.25. 


COMPUTERS: 
Their Operation and Applications 


by Epmunp C. Berke.ey, Berkeley Enterprises, Inc., and 
LAWRENCE WAINWRIGHT, Consultant. Stresses practical infor- 
mation on exactly how automatic computing machines work 
and what they can do. Basic elements of digital, analog and 
miniature computers are fully explained, as are such important 
considerations as computer reliability, advantages, limitations 
and maintenance. 1956. 376 pages. College Edition $6.70. 


INSTRUMENTS FOR MEASUREMENT AND CONTROL 


by WerNER G. Houzpock, | Engineer, Askania Regulator 
Co. Describes and illustrates all recent devices for measuring 
and controlling temperature, moisture, pressure, flow, uniformity, 
and discusses design and construction. This k has received 
enthusiastic acclaim from all quarters. 1955. 377 pages. Col- 
lege Edition $8.35. 


General Reference 


BETTER REPORT WRITING 


by Wiiuts H. Waxpo, Technical Editor Research Dept., Mon- 
santo Chemical Co. This handy student manual presents au- 
thoritative facts on the important details of effective scientific 
composition, style, division of reports, tables, illustrations, and 
use of words. Three appendices condense a vast amount of 
information on abbreviations, symbols, and hyphenation. 1957. 
256 pages. College Edition $3.95. 


ORAL COMMUNICATION 
OF TECHNICAL INFORMATION 


by Rospert S. Casey, W. A. Sheaffer Pen Co. Methods of 
dine speaking for almost all situations are assembled here 
in “how-to” manner for science students. Covers organization, 
composition, speech delivery, mechanical aids, presiding, oral 
reports, and conversation. 1958. 208 pages. College Edition 
3.7 


75. 


HANDBOOK OF CHEMICAL DATA 


edited by F. W. Atacx. Industrial Processes Development Ltd. 
A convenient, pocket-size student reference containing clear, 
relevant tables of physical constants and properties. The small 
format provides a handy lightweight volume that is easily taken 
= 1957. 4'/: x 6'/s. 638 pages. College Edition 
5.65. 


ECONOMIC GEOGRAPHY 
OF INDUSTRIAL MATERIALS 


edited by ALBert S. Carison, Professor of Geography, Dart- 
mouth College. The first book to assemble in easily accessible 
form the essential facts on such factors as plant location, cli- 
mate, soil, topography, water resources, minerals, fuels, labor, 
capital, management, transportation and markets. 1956. 
pages. College Edition $12.50. 
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Noyes, Arruur A, and SHerritt, Mites $8. A Course of Study 
in Chemical Principles. 2nd Edition 1938 554 pp 
Macmillan. (#444) 

and Witson. Introduction to Quantum Mechanics. 
1935 468 pp $7.00 McGraw-Hill. (4445) 

PirzerR, KennetH Quantum Chemistry. 1953 529 pp 
$8.00 Prentice-Hall, Inc. 6 

Rew, C. Excited States in Chemistry and Biology. 
pp $7.50 Academic Press, Inc. 

Ricci, Joan E. The Phase Rule and Heterogeneous Equilibrium. 
1951 468 pp $13.50 D. Van Nostrand Co., Inc. (#448) 

Rossini. Freperick D., Editor. Experimental Thermochemis- 
try: Measurement of Heats of Reaction. 1956 342 pp $8.50 
Interscience Publishers, Inc. (#449) 

Rutgers, A. J. Physical Chemistry. 1954 824 pp $9.50 
Interscience Publishers, Inc. 50 

Sanperson, R. T. Vacuum Manipulation of Volatile Com- 
pounds. 1948 162 pp $5.50 Wiley. (#451) 

Scuutman, J. H., Editor. Surface Activity: Proceedings of the 
Second International Congress on Surface Activity, London, 
April 8-13, 1957. (Volume uid and 
Interface) 1958 521 pp $15.00 Complete set of four 
volumes—$50.00 Academic Press, Inc. : (#452) 

Scuutman, J. H., Editor. Surface Activity: Proceedings of the 
Second International Congress on Surface Activity, London, 
April 8-13, 1957. (Volume II—Solid/Gas Interface) 1958 
348 pp $12.60 Academic Press, Inc. (#453) 

Scuuutman, J. H., Editor. Surface Activity: Proceedings of the 
Second International Congress on Surface Activity, London, 
April 8-13, 1957. (Volume III—Electrical Phenomena: 
Solid/Liquid Interface) 1958 621 pp $16.80 Academic 
Press, Inc. (#454) 

ScuuLman, J. H., Editor. Surface Activity: Proceedings of the 
Second International Congress on Surface Activity, London, 
April 8-13, 1957. (Volume IV—Solid/Liquid Interface 
‘“Washings, etc.’’; ell/Water Interface) 1958 352 pp 
$12.60 Academic Press, Inc. (#455) 

SELwoop, Prerce W. Magnetochemistry. 2nd Edition Revised 
1956 447 pp $12.50 Interscience Publishers, Inc. (#456 

Semenov, N. N. Some Problems of Chemical Kinetics and 
Reactivity. ? ? pp $12.50 Pergamon Press. (#457) 

Sitter, Lars, Lance, Paut W. and Cari O. 
Problems in Physical Chemistry. 1952 370 pp $6.50 Pren- 
tice-Hall, Inc. (#458) 

Smytu, C. 'P. Dielectric Behavior and Structure. 
$9.00 McGraw-Hill. 

STanpDING CoMMITTEE ON ComBusTION Symposrum. Fourth 
Symposium (International) on Combustion. 1953 946 pp 
$11.00 Williams & Wilkins Co. (#460) 

Sreactz, E. W. R. Atomic and Free Radical Reactions. 2nd 
Edition 1954 In two volumes 915 Two volumes, 
$30.00 (Not sold separately) Reinhold Publishing Corp. 

(#461) and (#462) 

Srernsacu, Orro F. and Kine, Cecit V. Experiments in Physi- 

cal Chemistry. 1950 256 pp $3.75 American Book =o; 


#463 

Treatise on Phys- 
(Volume I—Atomistics and Thermodynamics) 
$12.00 D. Van Nostrand Co., Inc. 

Treatise on Physi- 
(Volume II—States of Matter) 1951 701 pp 
an Nostrand Co., Inc. 465) 
Temperty, H.N.V. Changes of State: A Mathematical-Physical 


Taytor, S. and GuassTong, SAMUEL. 
ical Chemistry. 
1942 677 pp 

Taytor, 8. and GLasstone, SAMUEL. 
cal Chemistry. 
$13.00 D. 


Assessment. 1956 335 pp $7.50 Interscience Publishers, 


ne. (#466) 
Want, A. C. and Bonner, N. A. Radioactivity Applied to Chem- 
istry. 1951 604 pp $10.50 Wiley. (#467) 
Watt, Frepericx. Chemical Thermodynamics. 1958 448 pp 
W. H. Freeman & Co. (#468) 
Waterman, H. I. Correlation Between Physical Constants and 
Chemical Structure. 1958 132 pp $5.25 D. Van Nostrand 
Co., Inc. j (#469) 
Witson, Decrus and Cross. Molecular Vibrations. 1955 370 
pp $8.50 McGraw-Hill. (#470) 


PHYSICS 


AMERICAN INsTITUTE oF Puysics. Temperature: Its Measure- 
ment and Control in Science and Industry. Volume II 1955 
477 pp $12.00 Reinhold Publishing Co (#471) 

BENNETT, CLARENCE E. Physics. 6th "Tidition Reprinted 
1958 208 pp $1.25 Paperbound Barnes & Noble. (#472) 

BENNETT, CLARENCE E. Physics Problems and How to Solve 
Them. 1958 240 pp $1.75 Paperbound Barnes & 

#473 

BENNETT, CLARENCE E. Physics without Mathematics. 1949 
200 pp $1.25 Paperbound Barnes & Noble. (#474) 

CompBustion Institute. Sixth Symposium (International) on 
Combustion. 1957 970 pp $28.00 Reinhold (#475) 
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Coox, Metvin E. The Science of High Explosives. 
pp $22.50 Reinhold Publishing Corp. ( 

Cowu1ne, T. G. Magnetohydrodynamics (No. 4—Interscience 
Tracts on Physics and Astronomy) 1957 123 pp $3.85 
Interscience Publishers, Inc. #477 

Curry, C. Wave Optics—Interference and Diffraction. 195% 
161 pp $5.50 St. Martin’s Press, Inc. (4477-1 


DEKKER, ApriaNus. Solid State Physics. 1957 544 pp $12.0( 
Prentice-Hall, Inc. #478 
Diengs, G. J. and VineyarD, G. H. Radiation Effects in Solid: 
(Volume II—Interscience Monographs in Physics and Astron 
omy) 1957 234 pp $6.50 Soewetlonse Publishers, Inc 
#479 

Erricu, F. R., Editor. Rheology: Theory and Applications 
Volume I 1956 761 pp $20.00 Academic Press, Inc 


#480 
Erricu, F. R., Editor. Rheology: Theory and Applications 
Volume II 1958 591 pp $18.00 Academic Press, Inc 
(#481) 
Fietp, F. H. and FrRaNKLIN, J. L. Electron Impact Phenomenu 
and the Properties of Gaseous Ions. (Volume I—Pure ani 
Applied Physics: A Series of Monographs & Textbooks) 
1957 349 pp $8.50 Academic Press, Inc. ( #482 ) 
Gamow, GeorGe. Matter, Earthand Sky. 1958 576pp $10.00 
Prentice-Hall, Inc. (#483) 
Gray, H. J., Editor. Dictionary of Physics. 1958 556 pp 
$16.50 Longmans, Green & Co., Inc. (#484) 
Hine, G. J. and BRownELL, G. L., Editors. Radiation Dosimetry. 
1956 932 pp $22.00 Academic Press, Inc. (#485) 
Houton, GERALD. Introduction to Concepts and Theories in 
Physical Science. 1952 514pp $7.50 Addison-Wesley Pub- 
lishing Co., Inc. (#486) 
Ho.ton, GERALD and Duane H. D. (under the editor- 
ship of Rotter, Duane.) Foundations of Modern Physical 
Science. 1958 782 pp $8.50 Addison-Wesley Publishing 
Co., Ine. ( #487) 
Kirret, C. Elementary Statistical Physics. September, 195 
Approx. 240 pp Approx. $800 Text Edition $6.75 Wiley. 
(#488) 
LanG, Rutu, Editor. Laboratory and Workshop Notes 1953- 
1955. 1957 260pp $7.50 St. Martin’s Press, Inc. (#488-1) 
Mess, C. E. Kennetu. The Theory of the Photographic Process. 
2nd Edition 1954 1133 pp $21.50 Macmillan. (#489) 
J. L. and B. Surface Activity. 1951 
pp $12.50 D. Van Nostrand Co., Inc. (#4 
Noakes, G. R. New Intermediate Physics. 1957 962 pp 
$6.00 St. Martin’s Press, Inc. (#490-1) 
Semat, Henry. Introduction to Atomic and Nuclear Physics. 
3rd Edition 1954 561 pp $6.50 Rinehart & Co., Ine. 
(#491) 
Semat, Henry and Karz, Ropert. Physics. 1958 927 pp 
$9.00 Also available in 2-volume edition: Mechanics, Heat 
and Sound; Electricity, Light, Atomics and Nucleonics. $5.00 
each. Rinehart & Co., (#492) 
Smitu, C. J. A General ‘Sane Phasics. (Part I—The General 
Properties of Matter) 1953 588 pp $9.00 St. Martin’s 
Press, Inc. (#492-1) 
Smitu, C. J. A General Degree Physics. (Part V—Electricity 
and. Magnetism) 1954 751 pp $10.00 St. Martin’s Press, 
Ine (#492-2) 
Sanam, Lyman, JR. Physics of Fully Ionized Gases (No. 3— 
Interscience Tracts on Physics and Astronomy) 1956 116 
pp $3.50 Interscience Publishers, Inc. (#493) 


1958 470 
#476 


MATHEMATICS 


Bennett, C. A. and Franxuin, N. L. Statistical Analysis of 
Chemistry and the Chemical Industry. 1954 724 pp $!).50 
Wiley. (#494) 

Henry and Murpuy, Georce M. The Mathe- 

and Chemistry. "2nd Edition 1956 604 pp 
Van Nostrand 

SamuEL M. C.R 

1th Edition 1957 pp $3.00 The Rub! 
#495 

Mathematical Tables from Handbook of 

10th Edition 1956 413 pp $!.60 
The Chemical Rubber Co. #495 -2) 

Youpren, W. J. Statistical Methods for Chemists. 1951 ‘26 
pp $4.00 Wiley. (#496) 


SaMuEL M. 
Chemistry and Physics. 


NUCLEAR SCIENCE 
Becker.ey, J. G., Horstaptrer, R. and Scuirr, L. I., Edit rs. 


Annual Review of Nuclear Science. Volume VII 1957 196 
pp $7.00 Annual Reviews, Inc. (#97) 
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REPRINTS 


In Preparation: 


Annual Review of Biochemistry 
Volumes 6-7, 1937-1938, cloth bound 
Volume 12, 1943, cloth bound 
Chemical Abstracts 
Volume 6, 1912, paper bound in 5 parts 
Volume 7, 1913, paper bound in 5 parts 
Helvetica Chimica Acta 
Volume 22, 1939, paper bound _ approx. 
Volume 24, 1941, paper bound — approx. 
Journal of Biological Chemistry 
Volumes 132-171, 1940-1947 


Paper bound set . approx. $800.00 
Single volumes, paper bound ; approx. 20.00 each 
Volumes 177-180, 1949 
Paper bound set . ; approx. 80.00 
( Single volumes, paper bound - approx. 20.00 each 
Journal of Pharmacology and 
ries in Volumes 71-97, 1941-1949 


Single volumes, paper bound : : approx. $24.00 each 


Justus Liebigs Annalen der Chemie 


Volumes 400-420, 1913-1919 

Paper bound set . 

Single volumes, cloth bound . 

Single volumes, paper bound 


Philips Technical Review 
Volumes 1-10, 
Cloth bound 
Paper bound set . 
Single volumes, paper boun da 
Volumes 11-14, 1949/1950-1952/1953 
Single volumes, paper bound : approx. 


Now Available: 


Biochimica et Biophysica Acta 
Volumes 9-11, 1952-1953 
Volumes 13-14, 1954 
Volume 18, 1955 


Single volumes, paper bound ; : $25 .00 each 
stricity Deutsche Chemische Gesellschaft: Berichte 
; Press, Volumes 1-10, 1868-1877 
492-2) Paper bound set. 
lo. 3— Volumes 1-5, 1868-1872, paper bound 
6 116 Volumes 6-8, 1873-1875, paper bound 


(#493) ; Volumes 9-10, 1876-1877, paper bound . 


Société Chimique de Belgique: Bulletin 
(Published to 1903 as Association Belge des Chimistes: Bulletin) 
Volumes 1-10, 
bound set 


lysis of r bound set . 

$9.50 oad 1, paper bound. 
(#494) v olume 2, paper bound. ; 
Mathe- Volumes 3-10, paper bound . 


Journal of Pharmacology and Experimental Therapeutics 


Volumes 21-23, 1923-1924. 
Single volumes, paper bound $24.00 each 


Quarterly Cumulative Index Medicus 
Volume 53, January-June 1953, cloth bound . $25.00 


These reprints have been undertaken with the permission of the pee publishers 
and/or copyright owners. Please address orders and inquiries to 


JOHNSON REPRINT CORPORATION 
111 Fifth Avenue, New York 3, New York 
California Office: 4972 Mount Royal Drive, Los Angeles 41 
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‘Bisnop, AMasa 8. Project Sherwood—Controlled Thermonuclear 
Research. 1958 228 pp $5.75 Addison-Wesley Publishing 
_ Co., Inc. (4497-1) 
Bruce, F. K., Fuercuer, J. M., Hyman, H. H. and Karz, J. J. 
Process Chemistry (Volume I—Progress Series III) ? ? pp 
$12.00 Pergamon Press. (#498) 
Buauer, J., CoursaGcet, J. and Loutit, J. F. Biological Sciences 
(Volume I—Progress Series VI) ? ? pp $7.00 Pergamon 
Press. (#499) 
Cuastain, JoeL W., Editor. U. S. Research Reactor Operation 
and Use. 1958 384 pp $7.50 Addison-Wesley Publishing 
Co., Ine. ( #499-1) 
Criaus, Watter D., Editor. Radiation Biology and Medicine; 
Selected Reviews in the Life Sciences. 1958 968 pp $11.50 
Addison-Wesley Publishing Co., Inc. (#499-2) 
Cuieae, J. W. and Fouey, D. D., Editors. Uranium Ore Proc- 
essing. 1958 450pp $7.50 Addison-Wesley Publishing Co., 
Tae. ( 7499-3) 
Compton, ArtHuUR Atomic Quest: A Personal Narrative. 
1956 379 pp $5.00 Oxford University Press. (#500) 
Curnsert, F. L. Thorium Production Technology. 1958 320 
pp $6.50 Addison-Wesley Publishing Co., Inc. (4500-1) 
Exrerman, R. C. in Scientific Research. (Vol- 
ume II—Radioisotopes in Chemistry and Geology) ? ? pp 
$22.50 Pergamon Press) (#501) 
Fiyniston, H. M. and Hows, J. P. Metallurgy and Fuels. 
(Volume I—Progress Series V) 2? ?pp $21.00 Pergamon 
Press. (#502) 
FRIEDLANDER, G. and Kennepy, J. Nuclear and Radiochemistry. 
1955 468 pp $7.50 Wiley. (#503) 
GLassTONE, SAMUEL. Principles of Nuclear Reactor Engineering. 
1955 861 pp $7.95 D. Van Nostrand Co., Inc. 504) 
GLASSTONE, Reuven. Sourcebook on Atomic Energy. 2nd 
Edition 1958 641 pp $4.40 D. Van Nostrand €, a. 
# 
GLassTONE, SAMUEL and Epiunp, Miutron C. The Elements 
of Nuclear Reactor Theory. 1952 416 pp $5.50 D. Van 
Nostrand Co., Ine. (#506) 
Harwoop, J. J.. HAusNER, Henry H., Morss, J. G. and Raucn, 
W. G. Effects f Radiation on Materials. 1958 362 pp 
$10.50 Reinhold Publishing Corp. 507 
Hoag, Capt. J. Barton. Nuclear Reactor Experiments. 
480 pp $6.75 D. Van Nostrand Co., Inc. 
Houpen, A. N. Physical Metallurgy of Uranium. 
pp $5.75 Addison-Wesley Publishing Co., Inc. (#508-1) 
Karz, J. J. and Szapore, G. T. The Chemistry of the Actinide 
Elements. 1957 508 pp $12.00 Wiley. ( #509) 
Kramer, ANDREW W. Boiling Water Reactor. 1958 592 pp 
$8.50 Addison-Wesley Publishing Co., Inc. (#509-1) 
Lang, J. A., Mac Puerson, H. G. and Mastan, Frank, Editors. 
Fluid Fuel Reactors 1958 1,008pp $11.50 Addison-Wesley 
Publishing Co., Inc. (#509-2 ) 
Murray, Raymonp L. Introduction to Nuclear Engineering. 
1954 418 pp $8.50 Prentice-Hall, Inc. (#510) 
Murray, RaymMonp L. Nuclear Reactor Physics. 1957 368 
pp $10.00 Prentice-Hall, Inc. (#511) 
SeaporG, GLENN T. The Transuranium Elements. 1958 approx. 
350 pp $700 Addison- Wesley Publishing Co., 
#511-1 
Series, G. W. The Spectrum of Atomic Hydrogen. 1958 96 
pp $2.00 Oxford University Press. (#512) 
SrnGLetTon, Nuclear Radiation in Food and Agriculture. 
1958 379pp $8.50 D. Van Nostrand Co., Inc. (#513) 
Srarr, CHauncEy and Dickenson, R. W., Editors. Sodium 
Graphite Reactors. 1958 304 pp $6.50 Addison-Wesley Pub- 
lishing Co., Inc. (#513-1) 
Starrs or A.E.C. WestinGHousE and DuquEsNE PowER & 
Licut Co. Shippingport Pressurized Water Reactor. 1958 
approx. 680 pp $9.50 Addison-Wesley Publishing 
#513-2 
Zinn, W. H. and Drerricu, J. R., Editors. Solid Fuel Reactors. 
1958 864 pp $10.75 Addison-Wesley Publishing a8 Inc. 
#513-3) 


ELECTROCHEMISTRY 


Devanay, Paut New Instrumental Methods in Electrochemistry: 
Theory, Instrumentation, and Applications to Analytical and 
Physical Chemistry. 1954 455pp $13.00 Interscience Pub- 
lishers, Inc. (#514) 

Potter, E. C. Electrochemistry: Principles and Applications. 
? 418 pp $10.00 Macmillan. (#515) 

SuHep.tovsky. T. Electrochemistry in Biology and Medicine. 
1955 369pp $11.50 Wiley. (#516) 


COLLOID CHEMISTRY 


Emulsions—Theory and Practice (ACS) 1957 


BeEcHER, PavL. 
(#517) 


392 pp $12.50 Reinhold Publishing Corp. 


A446 


Becuer, Pavut. Principles of Emulsion 
160 pp $4.50 Reinhold Publishing Corp. 
Lewis, WarREN K., Squires, LoMBARD and BRovUGHTON 
GeorrreEY. Industrial Chemistry of Colloidal and Amorphou: 
Materials. 1932 540 pp $7.50 Macmillan. (#519 
PanGonis, WriuiaM J., HELLER, WILFRIED, and JACOBSON, 
Arvip. Tables of Light Scattering Functions for Spherica! 
Particles. 1957 120 pp $5.50 Wayne State eae 4 
20 


Technology. 
(#5 


BIOCHEMISTRY 
(also Biophysics) 


ABRAHAM, E. P. Biochemistry of Some Peptide and Steroid Anti- 

Wiley. (#521) 

1952 19) 
(4522 


biotics. 1957 96 pp $3.00 

ALBRITTON, ERRETT ‘ol Standard Values in Blood. 
pp $4.50 W. B. Saunders Co. 

ANFINSEN, C. B., ANson, M. L., Battey, K., and Epsati, 
J. T., Editors. Advances in Protein Chemistry. Volume XI! 
1957 687 pp $14.00 Academic Press, Inc. (#523 ) 

Batpwin, ErRNEst and Brett, Davin JaMeEs. Cole’s Practical 
Physiological Chemistry. 10th Edition 1955 273 pp $6.00 
Williams & Wilkins Co. ‘ (#524) 

Batu. E. Biochemical Preparations. Volume II 1952 10% 
pp $4.00 Wiley. (#525) 

BIESELE, JoHN J. Mitotic Poisons and the Cancer Problem. 1958 
214 pp $7.50 D. Van Nostrand Co., Inc. (#526) 

Bett, Georce H., Davipson, J. NoRMAN and SCARBOROUGH, 
Haroip. Textbook of Physiology and Biochemistry. 3rd 
Edition 1957 1080 pp $12.00 Williams & visi Co. 

#527) 

Best, CHarLes HERBERT and TayLor, NORMAN BurRKE. Phys- 
ilogical Basis of Medical Practice. 6th Edition 1955 1370 
pp $12.00 Williams & Wilkins Co. (#528) 

Bracuet, J. Biochemical Cytology. 1957 516pp $8.80 Aca- 
demic Press, Inc. (#529) 

Bray, H. G. and Wuits, K. Kinetics and Thermodynamics in 
Biochemistry. 1957 343 pp $7.50 Academic 

#530) 

Bryan, H. and Bryan, Cuarues. Bacteriology: 
Principles and Practice. 5th Edition Revised 1956 422 
pp $2.50 Paperbound Barnes & Noble. (#531) 

Butter, J. A. V. and Katz, B. Progress in Biophysics and Bio- 
physical Chemistry. (Volume VII]—Progress Series) ? ? pp 
$17.50 Pergamon Press. (#532) 

Catmon, Catvin and Kressman, T. R. E., Editors. Jon 
Exchangers in Organic and Biochemistry. 1957 773 pp 
$16.50 Interscience Publishers, Inc. (#533) 

CanTarRow, ABRAHAM and SCHEPARTZ, BERNARD. Biochemistry. 
2nd Edition 1957 867 pp $12.00 W. B. a Co. 

#534) 

Carter, H. Biochemical Preparations. Volume I 1949 76 
pp $4.00 Wiley. (#535) 

Cotowick, 8. P. and Kapian, N. O., Editors. Methods in 
Enzymology. (Volume IV: = Techniques) 1957 979 
pp $24.00 Academic Press, Inc (#536) 

Cowaitt, R. W. and Parpeg, A. B. Experiments in Biochemi- 
cal Techniques. 1957 189 pp $3.50 Wiley. (#537) 

DaniE.Lut, J. F., Editor. General Cytochemical Methods. Volume 
I 1958 471 pp $12.80 Academic Press, Inc. (#538) 

Dawes, Epwin A. Quantitative Problems in Biochemistry. 
1956 234pp $5.00 Williams & Wilkins Co. (#539) 

Deve, Harry J., Jr. The Lipids: Their Chemistry and Bio- 
chemistry. In three volumes (Volume III—Biochemistry: 
Synthesis, Oxidation, Metabolism and Nutritional Value) 
1957 1103 pp $26.50 Interscience Publishers, Inc. (#540) 

Dixon, M. and Wess, E.C. Enzymes. 1958 782 pp $16.00 
Academic Press, Inc. (#541) 

DorrMaN, Ratpu I. and Frank. Metabolism of Steroid 
Hormones. 1953 173 pp $4.00 Burgess 

) 

1956 590 

(#543) 
1955 549 


Dorrman, R. I. and Surptey, R. A. Androgens. 
pp $13.50 Wiley. 

Downes, HELEN R. The Chemistry of Living Cells. 
pp $7.50 Harper & Brothers. (#544) 

Epsatu, J.T. and Wyman, J. Biophysical Chemisiry. (Volume 
I—Thermodynamics, Electrostatics and the Biological Sig- 
nificance of the Properties of Matter) 1958 699 pp $14.00 
Academic Press, Inc. (#545) 

Fox, S. W. and Foster, J. F. Introduction to Protein Chemis'y. 
1957 459 pp $9.50 Wiley. (#546) 

Fruton, J. S. and Smmmonps, S. General Biochemistry. 
Edition 1958 1077pp $18.00 Text Edition $15.00 by a) 

# 

Guicx, Davin, Editor. Methods of Biochemical 
Volume VI 1958 368 pp $8.50 Interscience shee 7 
Ine. 
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SPECIAL 


Pre-P ublication The United Nations 
announces the publication 
in english of the complete 


PROCEEDINGS OF THE SECOND 
UNITED NATIONS INTERNATIONAL 
CONFERENCE ON THE PEACEFUL USES 
OF ATOMIC ENERGY 


(Geneva, September Ist to 13th, 1958). 


More than 2,200 papers (double the number presented 
at the 1955 conference) covering all aspects of the 
peaceful uses of atomic energy will be presented at the 
conference, in which approximately 70 countries will 
participate and discuss their latest achievements, both 
experimental and practical. The main subjects of the 
conference are listed below: 

Basic physics Possibility of controlled fusion 

Basic chemistry Raw materials 

Biology and medicine Production of nuclear materials 

Use of nuclear energy for pur- Research and power reactors 
poses other than generation Reactor technology 


of electricity Production and uses of isotopes 
Thermonuclear developments Training in nuclear sciences 


The English edition is expected to consist of 34 volumes 
(approximately 500 pages each), which will become 
available beginning December 1958; publication is 
expected to be completed by June 1959. 

Orders for the complete set now are being accepted at 
a special pre-publication price of $435 (or equivalent 
in other currencies). This offer expires on November 


Value) 30, 1958, after which the regular price for the full set— 
sci approximately $510—must be charged. 

#541 

Steroid Abridged editions in French and Spanish are planned for 

542) simultaneous publication. They will consist mainly of the papers 

5 590 presented orally at the conference (approximately 500), the 
Pe papers submitted in the language of the edition and a selection of 
(#544) other papers. These editions are expected to be in 15 volumes 
— and may be ordered at a pre-publication price (up to November 
$14.00 30, 1958) of $190 or equivalent in other currencies. 

(#545) 

(#546) 

2nd 

Wi Brochures giving further details For further details consult your local bookstore or 

fot 


alysis. available on request 


ishers, 


( #548) 
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1956 345 pp $6.50 
(#549) 
Dr. CHar.es S. and 


1955 290 pp 
GR6ONWALL, 
tions. 
1954 144 pp 
(#552) 
Harris, R. 8., Marrian, G. F. and Tarmann, K. V., Editors. 
Vitamins and Hormones: Advances in Research and Applica- 
tions. Volume XV _ 1957 355 pp $9.50 Academic Press 
Inc. (#553) 
Harrow, BENJAMIN and Mazur, ABRAHAM. T'extbook of Bio- 
chemistry. 7th Edition 1958 Approx. 557 pp $7.50 W. 
B. Saunders Co. (#554) 
Harrow, BENJAMIN et al. Laboratory Manual of Biochemistry. 
4th Edition 1955 164 pp $3.00 W. B. Saunders Co. 


(#555) 

Havurowitz, F. Biochemistry: An Introductory Textbook. 1955 
485 pp $6.75 Wiley. (#556) 
Hewirt, L. F. Ozxidation-Reduction Potentials in Bacteriology 
and Biochemistry. 6th Edition 1950 223 pp $4.50 Wil- 
liams & Wilkins Co. (#557) 
Hotman, R. T., LunpBere, W. O. and Matxin, T. Progress 
in the Chemistry of Fats and Other Lipids. (Volume V— 
Progress Series, Advances in Technology) ? ? pp &?) 
Pergamon Press. (#558) 
Hype, H. A. and Avams, K. F. An Atlas of Airborne Pollen 
Grains. 1957 110 pp $10.00 St. Martin’s Press, Ine. 
(#558-1) 

Jounson, F., Eyrine, H. and Pouissar, M. J. The Kinetic 
Basis of Molecular Biology. 1954 874 pp $17.75 Wiley. 


(#559) 
Kamen, M. D. Isotopic Tracers in Biology. (Volume I— 


Organic and Biological Chemistry: A Series of Monographs) 
3rd Edition 1957 474 pp $9.50 Academic shane a 
#560) 


Kuorz, I. M. Some Principles of Energetics in Biochemical 
Reactions. 1957 64 pp $3.00 Academic Press (#561) 
Kuyne, W. The Chemistry of Steroids. 1957 216 pp $3.50 
Wiley. ( #562 ) 
Kocu, Freperick Conrap and Hanke, Martin E. Practica! 
Methods in Biochemistry. 6th Edition 1953 546 pp $5.00 

5 


Williams & Wilkins Co. ( 
KritcHevsky, D. Cholesterol. September, 1958 
#564 ) 


pp Approx. $10.00 Wiley. 
Lewis,G.P. 4-Hydroxytriptamine. ? ?pp $9.50 Pergamon 
Press. (#565) 
Lone, EsMonp R. Chemistry and Chemotherapy of Tuberculosis. 
3rd Edition 1958 468 pp $12.00 Williams & baa Co. 
#566 ) 
Loraine, JoHn A. Clinical Application of Hormone Assay. 
1958 358pp $7.00 Williams & Wilkins Co. ( #567) 
Luck, J. M., Auten, F. W. and Mackinney, G., Editors. 
Annual Review of Biochemistry. Volume XXVII July 1958 
775 pp $7.00 Annual Reviews, Inc. ( #568) 
Mc Case, BroTHEeR JoserH and ECKENFELDER, W. W. Biolog- 
ical Treatment of Sewage and Industrial Waste. (Volume I— 
Aerobic Oxidation) 1956 400 pp $10.00 Reinhold Pub- 
lishing Corp. (#569) 
Mc Case, BrotHer JosEPH and EcKENFELDER, W. W.  Biolog- 
ical Treatment of Sewage and Industrial Waste. (Volume II— 
Solid-Liquid Separation and Anaerobic Digestion) 1958 
336 pp $11.50 Reinhold Publishing Corp. (#570) 
McLetsH, JoHN and Snoap, Brian. Looking at Chromosomes. 
1958 88pp $3.75 St. Martin’s Press, Inc. (#570-1) 
Menuter, A. H. Introduction to Enzymology. 1957 425 pp 
$10.80 Academic Press, Inc. ( #571) 
Metster, A. Biochemistry of the Amino Acids. 1957 485 pp 
$10.00 Academic Press, Inc. (#572) 
Mertz, E. T. and Porter, J. W. Laboratory Experiments in 
Biochemistry. Being Revised Burgess Publishing Co. (#573) 
Mertz, E. T. and Porter, J. W. Plant and Animal Biochemis- 
try. 2nd Edition 1950 198 pp $3.75 Burgess er 
0. #574 
Miter, Erston V. Chemistry of Plants. 1957 182 pp $5.50 
Reinhold Publishing Corp. (#575) 
Monraena, W. and Exus, R. A., Editors. The Biology of Hair 
Growth. Proceedings of the International Conference on-the 
Biology of the Hair Follicle and the Growth of Hair, held in 
London, August 7-9, 1957, under Auspices of the British Society 
for Research on Ageing. 1958 520 pp $15.00 Academic 
Press, Inc. (4576) 
Nervanps, J. B. and Strumpr, P. K. Outlines of Enzyme Chemis- 
try. 2nd Edition September, 1958 Approx.464pp Approx 
$7.50 (#577) 
Norp, F. F., Editor. Advances in Enzymology (Volume I-XX) 
Prices availabie upon request 1941-1958 Interscience Pub- 
lishers, Inc. (#578) 
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Pererson, WILLIAM and StrronG, Frank M. General Bio- 
chemistry: A First Course. 3rd Edition 1950 608pp $7.95 
Prentice-Hall, Inc. (#579 

Rawutns, T. and TAKAHASHI, N. Technics 0; 
Plant Histochemistry and Virology. 1952 125 pp $3.50 
National Press. #580 

Sexton, W. A. Chemical Constitution and Biological Activity. 
znd Edition 1953 433 pp $12.50 D. Van Nostrand Co. 


(#581 
Biochemical Preparations. Volume V_ 1957 115 p; 
$4.75 Wiley. (#582 
Snett, E. E. Biochemical Preparations. Volume III 195: 
128 pp $4.00 Wiley. ( #583 
Spector, WILLIAM. andbook of Toxicology. 1956 Volume | 
400 pp $7.00 W. B. Saunders Co. 584 
Spector, Handbook of Toxicology. 1957 Volum: 
II 264pp $6.00 W. B. Saunders Co. (#585 
Srainspy, G. Recent Advances in Gelatin and Glue Researci 
? pp $12.00 Pergamon Press. (#586: 
Srrone, Frank M. Biochemical Techniques. 
$3.00 Burgess Publishing Co. ‘ (# 
Szent-GyOrey1, A. Bioenergetics. 1957 143 pp $4.50 Aca- 
demic Press, Inc. (#588 | 
THmMann, Kennetu V. The Life of Bacteria: Their Growth, 
Metabolism and Relationship. 1955 776 pp $13.50 Mac- 
millan. (#589 ) 
Tuompson, R. H. S. and Kine, E. J., Editors. Biochemical 
Disorders in Human Disease. 1957 843 pp $12.60 Aca- 
demic Press, Inc. (#590) 
UmBreit, W.W. Manometric Techniques. 1957 342pp $6.50 
Burgess Publishing Co. (#591) 
Umsreit, W. W. Metabolic Maps. 1952 441 pp $6.00 
Burgess Publishing Co. (#592) 
Waener, R. P. and Mrrcuett, H. K. Genetics and Metabolism. 
1955 444 pp $7.50 Wiley. (#593) 
WaLKER, Burnuam S§., Boyp, C. and Asimov, Isaac. 
Biochemistry and Human Metabolism. 3rd Edition 1957 
945 pp $12.00 Williams & Wilkins Co. (#594) 
West, Epwarp 8. Teztbook of Biophysical Chemistry. 2nd 
Edition 1956 399pp $7.00 Macmillan. (#595) 
West, Epwarp §. and Topp, WitBERT R. Textbook of Biochem- 
istry. 2nd Edition 1955 1356=pp $12.00 Macmillan. 


(#596) 

WESTERFELD, W. W. Biochemical Preparations. Volume IV 

1955 108 pp $4.25 Wiley. (#597) 

ABRAHAM et al..-Principles of Biochemistry. 1954 

1070 pp $15.00 McGraw-Hill. (#598) 
Witurams, R. J. Biochemical Individuality. 1956 


214 pp 
$5.75 Wiley. (#599) 


MICROBIOLOGY 


Barker, H. A. Bacterial Fermentations. 1957 95 pp $3.00 
Wiley. (#600) 

Jacosps, Morris B., Gerstein, Maurice J. and WALTER, 
Wituam G. Dictionary of Microbiology. 1957 276 
$6.75 D. Van Nostrand Co., Inc. 

Srrone, F. M. Topics in Microbial Chemistry. 1958 
$5.00 Wiley. 


CLINICAL CHEMISTRY 


Buttock, Freperick N. Techniques in Clinical Chemisiry. 
1954 182pp $4.00 Williams & Wilkins Co. (#603) 
CantTarow, ABRAHAM and TrumPeR, Max. Clinical Biocheniis- 
try. 5th Edition 1955 738 pp $9.00 W. B. Saunders 
Co. (#604) 
Fister, Haroup J. The Manual of Standardized Procedures for 
Spectrophotometric Chemistry. 1950 728 pp $30.00 Stand- 
ard Scientific Supply Corp. ( #605) 
HouuinGer, Newt F. Practical Clinical Chemistry. Part !— 
Principles Part 2—Noteson Methods Part 3—Solutions «nd 
Reagents 1952 Part 1—77 pp Part2—60cards Part 
93 cards $4.50 National Press. (#606) 
Peters, JoHN P. and Van Stryke, Donatp D. Quantita’ive 
Clinical Chemistry. (Part I—Interpretations) 1946 1/50 
pp $7.00 Williams & Wilkins Co. (#607) 
Peters, JoHN P. and Van Donatp D. Quantitu/ive 
Clinical Chemistry. (Part Il—Methods) 1932 1000 pp 
$10.00 Williams & Wilkins Co. (#008) 
Seuicson, E., Editor. Standard Methods of Clinical Chemi: ry. 
Volume Ii 1958 217 pp $5.50 Academic Press, a8 
Sozorka, H. and Stewart, C. P., Editors. Advances in cal 
Chemistry. Volume I 1958 398 pp Approx. $12.00 .\ca- 
demic Press, Inc. (#610) 
Stewart, C. P. and Dunuop, D. M. Clinical Chemistr) in 
Practical Medicine. 4th Edition 1954 335 pp $5.00 \Vil- 
liams & Wilkins Co. (#e11) 
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GrarFr, S. Essays on Biochemistry. 
GrirFitTH, JR., Dr. Q., KREwsON, 
Dr. Josern, Editors. Rutin and Related Flavenoids. 
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Outstanding books and journals . . 


Bell, Davidson ©& Scarborough: TEXTBOOK OF PHYSIOLOGY AND 
BIOCHEMISTRY, 3rded. A balanced presentation by a physiologist, a 
biochemist, and a clinician. 1080 pp., 587 figs., 1956 


Gleason, Gosselin & Hodge: CLINICAL TOXICOLOGY OF 
COMMERCIAL PRODUCTS—ACUTE POISONING (HOME AND 
FARM). Complete guide to treatment of accidental poisoning, with an extensive 
section listing toxic ingredients of 15,000 trade-named products. 1160 pp., 1957 


Krantz & Carr: PHARMACOLOGIC PRINCIPLES OF MEDICAL 
PRACTICE, 4th ed. Pharmacology and therapeutics for medical students, 
physicians and allied professions. 1328 pp., 99 figs., 1958 


Long: CHEMISTRY AND CHEMOTHERAPY OF TUBERCULOSIS, 
3rd ed. A compilation and critical review of existing knowledge on the chemistry 
of tubercle bacilli and their products, chemical changes and processes in the host, 
and chemical aspects of the treatment of tuberculosis. 440 pp., 10 figs., 1958. $12.00 


Taylor ©& Taylor:' STEDMAN’S MEDICAL DICTIONARY, 18th ed. 
The most recently revised dictionary in the field—a storehouse of information in 
medical and related areas. 1700 pp., illus., 1957 


Walker, Boyd & Asimov: BLIOCHEMISTRY AND HUMAN 
METABOLISM, 3rd ed. Biochemistry for medical students, organized along 
functional lines. 937 pp., 30 figs., 1957 


CHEMICAL REVIEWS. Presents authoritative, critical reviews and comprehensive 
summaries of recent research in theoretical chemistry. Edited by Ralph L. Shriner, 
Published bimonthly, one volume a year. Volume 58 current in 1958. Subscription 
price per year: $12.00 (Canada, $12.50; all other countries, $13.25) 


JOURNAL OF BIOLOGICAL CHEMISTRY. Designed for prompt publication 
of original investigations of a chemical nature in the biological sciences. Edited by 
an editorial board of twelve members. Published monthly, six volumes per year. 

(#599) Volumes 230 through 235 current in 1958. Subscription price per year: $36.00, U. S. 
and Canada (all other countries, $37.50). Note: Make remittances payable to the 
American Society of Biological Chemists. 


$3.00 
(#600) JOURNAL OF HISTOCHEMISTRY AND CYTOCHEMISTRY. 
ALTER, Development and application of histochemical methods are presented along with 
(ase) occasional lengthy review articles. Edited by R. D. Lillie. Published bimonthly, en 
166 pp one volume per year. Volume 6 current in 1958. Subscription price per year: Fa Os % 


(#602) $8.00 (Canada, $8.25; all other countries, $8.75) 


Journal subscriptions are sold on the volume basis only. Because of high billing costs, 


misty. remittance must accompany journal subscription orders. 
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Topp, James C., SANrorp, ARTHUR H. and WELLS, BENJAMIN B. 
Clinical Diagnosis by Laboratory Methods. 12th Edition 
1953 998 pp $8.50 W. B. Saunders Co. (#612) 


PHARMACEUTICAL 


Bucks, F. E. and Surer, C. M. Medicinal Chemistry. Volume 
II 1956 311 pp $10.00 Wiley. (#613) 
F. E. and Suter, C. M. Medicinal Chemistry. Volume 
III 1956 346 pp $10.50 Wiley. (#614) 
Davis, Haroip; Parrripgr, M. W. and Sarcent, C. L. Bent- 
ley’s Textbook of Pharmaceutics. 6th Edition 1954 1091 
pp $10.00 Williams & Wilkins Co. (#615) 
GaRaTTINI, Sitvio and Cuertti, V. Psychotropic Drugs. 1957 
606 pp $19.50 D. Van Nostrand Co., Inc. . (#616) 
Krantz, Joun C., Jz. and Carr, C, JELLEFr. Pharmacologic 
Principles of Medical Practice. 4th Edition 1958 1320 pp 
$14.00 Williams & Wilkins Co. (#617) 
Martin, Dr. Eric W. and Cook, Dr. E. FuLterton., Editors. 
Remington’s Practice of Pharmacy. 11th Edition 1956 
1724 pp $20.00 Mack Publishing Co. (#618) 
The Merck Manual—A Handbook of Diagnosis, Treatment and 
Materia Medica. 9thEdition 19 1888 pp $6.75 Merck 
& Co., Ine. (#619) 
Pharmacopeia of the United States. 15th Edition 1232 pp $10.00 
Mack Publishing Co. (#620) 
Suter, C. M. edicinal Chemistry. Volume I 1951 
pp $10.00 Wiley. 
TreasE, GeorGE Epwarp. Textbook of Pharn 
Edition 1957 816 pp $8.50 Williams & 


FOODS AND NUTRITION 


ALBRITTON, Errett C. Standard Values in Nutrition and Me- 
tabolism. 1954 380 pp $6.50 W.B.Saunders Co. (#623) 

AutscuuL, A. M., Editor. 
1958 955 pp $26.00 Academic Press, Inc. 

Baker, E. A. and Fosxkert, D. J. Bibliography of Food. 
331 pp $11.00 Academic Press, Inc. 

Bianck, Frep C. Handbook of Food and Agriculture. 
1048 pp $15.00 Reinhold Publishing Corp. 

Epson, Husert. Sugar. 1958 224 pp $5.00 Chemical 
Publishing Co., Inc. (4627) 

Lams, C. A., BENTLEY, O. and Beattie, J. M., Editors. Trace 
Elements: Proceedings of the Conference held at the Ohio 
Agricultural Experiment Station, Wooster, Ohio, October 
14-16, 1957. 1958 Approx. 450 pp Approx. $12.00 Aca- 
demic Press, Ine. (#628) 

LunpBere, W. O., Editor. Fats Oils Detergents Yearbook 1957. 
1958 1136 pp $45.00 Interscience Publishers, Inc. _ (#629) 

Prouprit, Farrrax T. and Rosinson, CorinNE HoapeEn. 
Nutrition and Diet Therapy. 11th Edition 1955 896 pp 
$5.25 Macmillan. (#630) 

SHERMAN, Henry C. Chemistry of Food and Nutrition. 8th 
Edition 1952 721 pp $6.50 Macmillan. (#631) 

SHERMAN, Henry C. and Lanrorp, CAROLINE SHERMAN. 
Essentials of Nutrition. Ath Edition 1957 501 pp $4.90 
Maemillan. (#632) 


Processed Plant Protein Foodstuffs. 

(#624) 
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AGRICULTURAL CHEMISTRY 


Bear, Firman E. Chemistry of the Soil. 1955 383 pp 
$8.75 Reinhold Publishing (#633) 
De Ona, E. R. Chemistry and Uses of Pesticides. 2nd Edi- 
tion 1956 342 pp $8.75 Reinhold Publishing “an ' 
#634 
Frear, Donatp E.H. Agricultural Chemistry. In two volumes. 
(Volume I—Principles of Agricultural Chemistry) 1950 
902 pp $12.50 Complete set, $22.50 D. Van Nostrand Co., 
Inc. (#635) 
Frear, Donato E. H. Agricultural Chemistry. In two vol- 
umes. (Volume | ications of Agricultural Chemistry) 
1951 469 pp $9.75 Complete set, $22.50 Van Nos- 
trand Co., Inc. (#636) 
FreAR, Donatp E. H. the Pesticides. 3rd Edition 
1955 469pp $9.75 D. Van Nostrand Co., Inc. (#637) 
Hopkins, Donatp P. Chemicals, Humus, and the Soil. Re- 
vised edition 1958 288 pp $8.50 Chemical Publishing Co., 
Ine. (#638) 
Metcatr, Rosert L. Organic Insecticides: Their Chemistry 
and Mode of Action. 1955 402 pp $10.00 Interscience 
Publishers, Inc. (#639) 
Socrery or CuemicaL Inpustry, Lonpon. Spraying Tech- 
niques in Agriculture. ? SCI Monograph #2 117pp $4.00 
Maemillan. 
TispaLE, Samuet L. and WERNER L. Soil Fertility 
and Fertilizers. 1956 430pp $7.75 Macmillan. (#641) 


CHEMICAL ENGINEERING 


CapvELL, J. R. Fluid Flow in Practice. 1956 125 pp $3.50 
Reinhold Publishing Corp. ( #642 ) 
Couurer, C. H. Catalysis in Practice. 1957 124 pp $3.95 
Reinhold Publishing Corp. ( #643) 
Couuns, C. and Cannapay, R. L. Expansion Machines foi 
Low Temperature Processes. 1958 124 pp $3.00 Oxford 
University Press. (#644) 
Corcoran, W. H., Opre ut, J. B. and Sage, B. H. Momentum 
Transfer in Fluids. 1956 394 pp $9.00 Academic Press, 
Ine. (#645 
Covutson, J. M. and Ricnarpson, J. F. Chemical Engineering 
? VolumeI ? pp $7.50 ? VolumeII ? pp $9.00 Per- 
gamon Press. (4646 and #647 
Cremer, H. W., Editor. Fluid Systems. Part 1 (Volume IV— 
Chemical Engineering Practice Series.) 1958 641 pp $17.50 
Academic Press, Inc. 648 
Davis, Date §8. Nomography and Empirical Equations. 
242 pp $6.75 Reinhold Publishing Corp. (# 
Drew, T. B. and Hoopss, J. W., Jr., Editors. Advances in 
Chemical Engineering. Volume II 1958 338 pp $9.50 
Academic Press, Inc. (#650 
INDUSTRIAL AND ENGINEERING CHEMISTRY. Modern Chemica! 
Processes. Volume V 1958 168 pp $5.00 Reinhold Pub- 
lishing Corp. (#651) 
KAMMERMEYER, Kari and OsBuRN, JAMES. Process Calcula- 
tions. 1956 188 pp $4.00 Prentice-Hall, Inc. (#652) 
Kapoor, RasENDRA M. and Martin, JosepH J. Thermody- 
namic Properties of Chlorine (Engineering Research Institute— 
Special Publications: Tables No. 4) 1957 44 pp Paper- 
bound $2.25 The University of Michigan Press. (#653) 
KHARBANDA, O. P., Editor. Nomograms for Chemical Engineers. 
1958 247 pp $(?) Academic Press, Inc. (#654) 
Kose, Kennetu A. Chemical Engineering Reports:—How to 
Search the Literature and Prepare a Report. 4th Edition 
Revised and rewritten 1957 183 pp $3.50 Interscience 
Publishers, Inc. (#655) 
Kose, Kennetu A. Inorganic Process Industries. 1948 371 
pp $6.50 Macmillan. (#656) 
KowatkeE, Orto L. Fundamentals in Chemical Process Calcula- 
tions. 1947 158 pp $4.25 Macmillan. (#657) 
Lacey, W. N. and Sage, B. H. Thermodynamics of One-Compo- 
nent Systems. 1957 376 pp $8.00 Academic —. Inc. 
#658 ) 
MALLETTE, FREDERICK 8. Problems and Control of Air Pollu- 
tion. 1955 278 pp $7.50 Reinhold Publishing en 
#059 ) 
Maruieson, W. G. National Symposium on Vacuum Tech- 
nology. BP $12.50 Pergamon Press (#660) 
MaxweELL, J. B. Data Book on Hydrocarbons. 1950 270 pp 
$6.00 D. Van Nostrand Co., Inc. ( 
Penner, 8. 8. Chemisiry Problems in Jet Propulsion. ? 
$14.00 Pergamon Press. ; (#662) 
Penner, 8. S. Introduction to ‘he Study of Chemical Reactions 
in Flow Systems. ? ? BP $3.00 Pergamon Press. (#663) 
Rrerema, K. Chemica! Reaction Engineering. ? ?pp $12.50 
Pergamon Press. $664 
SuarpLey, F. W. Chemical Engineering in the Coal Industry. 
? ?pp $8.50 Pergamon Press. (#665) 


INDUSTRIAL CHEMISTRY 


Emit J. Modern Manufacturing Formulary. 
400 pp $10.00 Chemical Publishing Co., Inc. 
Bogus, R.H. The Chemistry of Portland Cement. 2nd Edition 
1955 828 pp $16.50 Reinhold Publishing Corp. (#667 ) 
Boner, C. J. Manufacture and Application of Lubricating 
Greases. 1954 982 pp $18.50 Reinhold 
#668 ) 
BrowNnING, ETHEL. 168 pp $4.50 St. 
Martin’s Press, Inc. (#668- 1) 
CaLkIN, JoHN B. and WirHam, G. 8. Modern Pulp and Paj:r 
Making. 3rd Edition 1957 558pp $10.00 Reinhold 
lishing Corp. (#669) 
DoourrtLz, A. K. Technology of Solvents and Plasticizers. 19.4 
1056 pp $22.50 Wiley. (#670) 
Durrans, THomas H. Solvents. 7th Edition 1957 244 jp 
$8.00 D. Van Nostrand Co., Inc. (#671) 
Ecxey, E. W. and Miuuer, Lawrence P. Vegetable Fats aid 
Oils. 1954 864 pp $17.50 Reinhold Publishing adi 
72) 
FarRHALL, Lawrence T. Industrial Toxicology. 2nd Edition 
1957 388pp $10.00 Williams & Wilkins Co. (#673) 
Farru, W. L., Keyes, D. B. and R. L. Industrial Che - 
icals. 2nd Edition 1957 844pp $16.00 Wiley. (#674) 
Fiett, L. H. and Garpner, W. H. Maleic Anhydride Deri- 
tives. 1952 269 pp $8.00 Wiley. (#675) 
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(#666) 


Toxic Solvents. 1953 
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FOR PEACE GENEVA 1958. 


$3.95 
(#643 y ! ee 39 . 
| The ‘Presentation Set’ given to official delegates 
( #644 ) 
vente 1 at Geneva by the U. S. A. 
ress, 
(#645 || 
eering | JUST PUBLISHED by Addison-Wesley 
er- | 
$647 | PROJECT SHERWOOD—The U.S. Program in Controlled Fusion 
p _—— By Amasa S. Bishop, U. S. Atomic Energy Commission 
$17.50 The first detailed account of ‘Project Sherwood’”’—the search for means of harnessing the energy of thermonuclear 
(#648 reactions. Written for the thoughtful layman as well as for scientists and engineers, this book parallels the historic “Smyth 
(aa, | Report.’’ 228 pp. 53 illus, 1958—$5.75 
ices in U.S. RESEARCH REACTOR OPERATION AND USE 
$9.50) || Edited by Joel W. Chastain, Jr., Battelle Memorial Institute 
(#650 | Describes the basic types of research reactors, and the uses for which each is best suited; also discusses operating, 
—— administrative, legal and cost problems. 384 pp, 181 illus, 1958—$7.50 
1 Pub- | 
(#651) RADIATION BIOLOGY AND MEDICINE: Selected Reviews in the Life Sciences 
alcula- || Edited by Walter D. Claus, U. S. Atomic Energy Commission 
(#652 ) || More than 50 distinguished authors review advances in the uses and effects of nuclear radiation in biology, medicine, 
rmod y- and agriculture. Among the topics covered are radioisotopes in medicine and agriculture, mutations, permissible dosages, 
sell and mathematical biology. 968 pp, 198 illus, 1958—$11.50 
(#053) | URANIUM ORE PROCESSING 
aneers. Edited by J. W. Clegg and D. D. Foley, Battelle Memorial Institute 
(#654 ) | For the first time in book form, a condensed but essentially complete description of current practices in the winning of 
ool to uranium from its ores. 450 pp, 118 illus, 1958—$7.50 
cience THORIUM PRODUCTION TECHNOLOGY 
(#655 ) Hil By F. L. Cuthbert, National Lead Company of Ohio 
3 3il | Contains virtually all of the information currently available on thorium production technology. The organization of 
(#056 ) HiT the book follows the natural production flow from minerals in the ground to the fabricated slug. 
320 pp, 84 illus, 1958—$6.50 
SOLID FUEL REACTORS 
| = {| By J. R. Dietrich and W. H. Zinn, General Nuclear Engineering Corporation 
4658) | Reviews the basic concepts, present state of development, and technical and economic outlooks of five projected solid 
Pilly, fuel nuclear power reactor types; fast-neutron power breeders, heavy-water reactors, gas-cooled reactors, organic mod- 
orp. | | erated and cooled reactors, and a thermal reactor for recycling plutonium. 864 pp, 385 illus, 1958—$10.75 
irl PHYSICAL METALLURGY OF URANIUM 


4660) By A. N. Holden, General Electric Company, Vallecitos Atomic Laboratory . 
70 pp A comprehensive and unified treatment which places op sore upon interpretation in terms of fundamertal properties 
4661) and mechanisms, and relates the metallurgical behavior of uranium to that of other metals. ‘ 

2 pp 272 pp, 190 illus, 19S8—$5.75 


#662 ) 


Ht BOILING WATER REACTORS 
ctions || By Andrew W. Kramer, Editor, Atomics, and formerly Editor, Power Engineering 


‘#663 ) || This valuable reference work on the history and technology of boiling water reactors includes detailed descriptions of the 
512.50 || Experimental Boiling Water Reactor (EBWR), the Vallecitos reactor, and the various BORAX experiments. 
#604 ) |] 592 pp, 292 illus, 1958—$8.50 
lustry. || FLUID FUEL REACTORS 
#665) | Edited by J. A. Lane and H. G. MacPherson, Oak Ridge National Laboratory, and Frank Maslan, Brookhaven 
National Laboratory 
A thorough treatment of three basic types of fluid fuel reactors; aqueous homogeneous reactors, fused salt systems, and 
Hy liquid metal fuel reactors. 1008 pp, 338 illus, 1958—$11.50 
I THE TRANSURANIUM ELEMENTS 
ot By Glenn T. Seaborg, University of California i 
4667) This book provides a complete summary of the chemical and nuclear properties of the known synthetic transuranium 
sting 11 | | elements, as well as the prospects for future elements. 354 pp. 73 illus, 1958—$7 .00 
Corp. WH] SODIUM GRAPHITE REACTORS 
#608 ) iit] By Chauncey Starr and R. W. Dickinson, Atomics International 
) St. || A unified and coherent presentation of sodium graphite reactor technology. While emphasis has been placed on the 
68-1) design and development of the Sodium Reactor Experiment (SRE), the authors have wherever possible included informa- 
Paper tion applicable to sodium graphite systems and, in many cases, to reactor design in general. 
Pub- | | 304 pp, 99 illus, 1958—$6.50 
#669) ie THE SHIPPINGPORT PRESSURIZED WATER REACTOR 
1954 1 Written by personnel of the Naval Reactor Branch, Division of Reactor Development, U. S. Atomic Energy Com- 
F670) mission; Westinghouse Electric Corp., Bettis Plant; and Duquesne Light Company 
4p || A complete account of the first large-scale central station nuclear power plant to be built and operated in the western 
671) hemisphere, written by the scientists and engineers who designed, developed, constructed, and tested the plant. 
600 pp, 163 illus, 1958—$9.50 
07 p Special price for complete set of 12 volumes—$84.00 
os Wid These prepublication prices good only until Dec. 1, 1958. 
73) 
oe) a ADDISON-WESLEY PUBLISHING COMPANY, INC., 
673) WY READING, MASSACHUSETTS, U. S. A. 
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The Essential Oils. In six volumes 
Volume I 1948 458 pp $8.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#676) 

GuENTHER, Ernest. The Essential Oils—In six volumes 
Volume II 1949 868 pp $13.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#677) 

GuENTHER, Ernest. The Essential Oils. In six volumes 
Volume III 1949 805 pp $13.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#678) 

GuENTHER, ErRNeEst. The Essential Oils. In six volumes 
Volume IV 1950 752 pp $13.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#679) 

GuENTHER, Ernest. The Essential Oils. In six volumes 
Volume V 1952 524 pp $13.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#680) 

GueEnTHER, Ernest. The Essential Oils. In six volumes 
Volume VI 1952 497 pp $13.50 Complete set, $69.50 
D. Van Nostrand Co., Inc. (#681) 

JoRrDAN, Donatp G. Chemical Pilot Plant Practice. 1955. 160 
pp $3.50 Interscience Publishers, Inc. (#682) 

Kirk, Raymonp E. and Orumer, Donatp F., Editors. Encyclo- 
pedia of Chemical Technology. First supplement volume. 1957 
992 pp $25.00 Interscience Publishers, Inc. (#683) 

Kirk, Raymonp E. and Orumer, Donatp F., Editors. Encyclo- 

ia of Chemical Technology. Complete in 15 volumes with 
ndex to entire work. 1957 Approx. 960 pp per volume. 
Set $400.00 Interscience Publishers, Inc. (#684 through #698) 

Kuni, R. and Mysrs, R. J. Jon Exchange Resins. 2nd Edi- 
tion 1958 466 pp $11.00 Wiley. (#699) 

Leg, H. L. and Nevitie, K.O. Epoxy Resins. 1957 305 pp 
$8.00 McGraw-Hill. (#700) 

MELLAN, IBERT. Source Book of Industrial Solvents. (Volume 
I—Pure Hydrocarbons) 1957 256pp $6.50 Reinhold Pub- 
lishing Corp. (#701) 

ME tan, Isert. Source Book of Industrial Solvents. 
TI—Halogenated Hydrocarbons) 1957 270pp $7.75 Rein- 
hold Publishing Corp. (#702) 

Morey, George W. The Properties of Glass. 2nd Edition 
1954 600 pp $16.50 Reinhold Publishing Corp. 

NieEtsen, CuHartes H. Distillation in Practice. 
pp $3.00 Reinhold Publishing Corp. 

Niven, Wittiam W. Industrial Detergency. 
$8.75 Reinhold Publishing Corp. 

O’FLAHERTY, FRED; Roppy, T. and Louuar, RoBEeRT 
M. The Chemistry and Technology of Leather. (Volume I— 
Preparation for Tannage) 1956 pp $14.00 Reinhold 


Publishing Corp. 
Donato F. Fluidization. 1956 241 
orp. 
Organic Coating Technology. Volume 
# 


GUENTHER ERNEST. 


Reinhold Publishing C 
Payne, H 
674 pp $13.50 Wiley. 08 
Rreget, E. Raymond. Chemical Process Machinery. 2nd Edi- 
tion 1953 743 pp $13.50 Reinhold Publishing Corp. 
7 


#709) 

Rieger, E. Raymond. Industrial Chemistry. 5th Edition 
1949 1020 DP $10.00 Reinhold Publishing Corp. (#710) 
Roman, W., itor. Yeasts. 1957 246 pp $7.50 Academic 
Press, Inc. (#711) 
Sacarin, Epwarp, Editor. Cosmetics: Science and Technology. 
1957 1453 pp $27.50 Interscience Publishers, Inc. (#712) 
Sax, N. Irving. Dangerous Properties of Industrial Materials. 
1957 1476 pp $22.50 Reinhold Publishing Corp. (#713) 
ScHEFLAN, Leopotp and Jacoss, Morris B. The Handbook 
of Solvents. 1953 728 pp $12.00 D. Van Nostrand Co., 
ne. (#714) 
Scuums, Water C., SATTERFIELD, CHARLES N.and WENTWORTH 
Rautpw L. Hydrogen Peroxide. 1955 773pp $17.50 Rein- 
hold Publishing Corp. (#715) 
Scuwartz, AnrHony M., Perry, JAMES W. and Bercu, JULIAN. 
Surface Active Agents and Detergents. Volume II 1958 856 
pp $19.50 Interscience Publishers, Inc. (#716) 
Society or Cuemicat Inpustry, Lonpon. Disposal of Indus- 
trial Waste Materials. 1957 157 pp $7.50 rani 

#71 

Socrery or CuEmicaL Inpustry, Lonpon. Jon Exchange and 
Its Applications. 1957 173 pp $7.50 Macmillan. (#718) 
Society or Cuemicat Inpustry, Lonpon. Molecular Struc- 
ture and Organoleptic Quality. 1958 SCI Monograph #1 
124 pp $3.75 Macmillan. (#719) 
Strorcu, H. H., Gotumpic, N. and ANprErson, R. B. The 
Fischer-Tropsch and Related Syntheses. 1951 610 pp $13.50 
Wiley. (#720) 
Sumner, C. G. Clayton’s Emulsions. 5th Edition Revised 
1954 669pp $15.00 Chemical Publishing Co., Inc. (#721) 
Van KREVELEN, D. W. and Scuuyer, J. Coal Science: Aspects 
of Coal Constitution. 1957 352 pp $10.50 D. Van Nos- 
trand Co., Inc. (#722) 
Wartu, Atpin H. The Chemistry and Techn of Wazes. 
2nd Edition 1956 948 pp $19.50 Reinhol (#723) 


WesBerR, R.B. BookofpH. 1958 111lpp $6.00 Macmillar 
Wuirsy, G. 8. Synthetic Rubber Monograph. 


$18.00 Wiley. 
WuitE, J. Yeast Technology. 1954 432 pp $8.00 (nal; 
#726 
Wittsuire, W. J., Editor. A Further Handbook of Industria: 
Radiology. 1957 341 pp $12.50 St. Martin’s Press, Inc 
(#726-1 
Youne, R. 8. Industrial Inorganic Analysis. 1953 368 p) 
$6.25 Wiley. (#727 


TEXTILES 


Carro.i-Porczynski, C. Z. Inorganic Fibers. 1958 approx. 
350 pp $(?) Academic Press, Inc. (#728 } 
Coorer, Margaret. Laboratory Manual for Textile Chemistry. 
1953 97 pp $2.75 Burgess Publishing Co. (#729) 
Harris, Mitton and Mark, H., Editors. Natural and Synthet: 
Fibers Yearbook 1957. 1958 1136 pp $45.00 Interscienc:: 
Publishers, Inc. (#730: 
MaAtTTEws, L. M. and Maversercer, H. R. Textile Fibers 
Their Physical, Microscopical and Chemical Properties. 
Edition 1954 1283 $18.50 Wiley. (#731) 
Moncrierr, E. W. an-Made Fibers. 3rd Edition 1957 
661 pp $9.75 Wiley. (#732) 
PapGett, Rose. Textile Chemistry and Testing in the Labora- 
tory. 1956 150pp $3.50 Burgess Publishing Co. (#733) 
Henry C. and Scuwarz, E. W. K. Textile Chemicals 
and Aucziliaries. 2nd Edition 1957 545 pp $13.50 Rein- 
hold Publishing Corp. (#734) 


PLASTICS AND ELASTICS 
(Including Polymer Science) 


Battista, ORLANDO A. Fundamentals of High Polymers. 1958 
150 pp $5.50 Reinhold Publishing Corp. 
BILLMEYER, Frep W. Textbook of Polymer Chemistry. 
526 pp $11.50 Interscience Publishers, Inc. (#73 
BJoRKSTEN, JOHAN, Tovey, Henry, HARKER, Berry and HeEn- 
NING, JAMES. Polyesters and Their Applications. 1956 626 
pp $10.00 Reinhold Publishing Corp. (#737) 
Bovey, Frank A. The Effects of Ionizing Radiation on Natural 
and Synthetic High Polymers. (Volume I—Polymer Reviews) 
1958 298 pp $8.00 Interscience Publishers, Inc. (#738) 
Domsrow, Bernarpv. Polyurethanes. 1957 185 pp $4.50 
Reinhold Publishing Corp. (#739) 
FisHer, Harry L. Chemistry of Natural and Synthetic Rubbers. 
1957 216pp $6.50 Reinhold Publishing Corp. (#740) 
Fioyp, Donatp E. Polyamide Resins. 1958 240 pp $4.50 
Reinhold Publishing Corp. (#741) 
Hueerns, Physical Chemistry of High Polymers. 1958 
175 pp $6.50 Text Edition $5.50 Wiley. (#742) 
KresseER, THEODORE O. J. Polyethylene. 1957 229 pp $4.95 
Reinhold Publishing Corp. (#743) 
Le Bras, J. and Bercx, I. E. Rubber, 1st American Edition 
1957 464pp $12.00 Chemical Publishing Co., Inc. (#744) 
Lever, A. E. and Ruys, J. The Properties and Testing of Plastics 
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See Nes (12 issues, 1,800 pp. per year) 60.00* Chemical Technology Section 25.00 

Agrochemistry Section 15.00 

JOURNAL OF ANALYTICAL CHEMISTRY OF Geochemistry Section 15.00 
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and technical journals as well as up-to-date listings of translations available 
from all sources with publishers’ addresses, listings, and prices. Published 
monthly, $25.00 per year. 


SPLITTING OF TERMS IN CRYSTALS, by Hans A. Bethe: First English publication of this important 
paper. Translated by Wendell Furry. Of great interest to students of solid-state physics. 70 pages, $3.00. 
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Volume 58 1939 Paper bound reprint $20.00 Johnson 
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HISTORY AND BIOGRAPHY 
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Edition 1948 318 pp ~$3.25 Macmillan. (#833) 

Frank, Puivip. Philosophy of Science: The Link Between 
Science and Philosophy. 1957 424 pp $8.00 Prentice- 
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Wiley. (#845) 
Crane, E. J., Parrerson, A. M. and Marr, E. B. A Guide 
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Gruman, Jr. A. F. A of ‘Chemical Equations. 
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pp $4.50 Reinhold Publishing Corp. (#849) 
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(4860 and #860-1) 
Parrerson, A. M. French-English Dictionary for Chemisis. 
2nd Edition 1954 476 pp $6.50 Wiley. ( #861) 
Patrerson, A. M. German-English Dictionary for Chemisis. 
3rd Edition 1950 541 pp $6.50 Wiley. ( #862) 
Ross, ArTHUR and Roser, Condensed Chemical 
Dictionary. 5th Edition 1956 1221 pp $12.50 Reinhold 
Publishing Corp. ( #863) 
TayLor, NorMAN Burke and Taytor, ALLEN ELLsworts. 
Stedman’s Medical Dictionary. 19th Edition 1957 1708 
pp $12.50 Wiliams & Wilkins Co. (#864) 
Uniterm Index to United States Chemical Patents. 1955, 1956 and 
1957 $1300 total price Information for Industry. 
#864-1 through #864-10) 
Uniterm Index to United States Chemical Patents. 1958 $800.00 
Add’l copies at 25% reduction Information for Industry. 
( 4864-1 through 4864-10) 
Uniterm Service to United States Electronics Patents. 1955 
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copies, $2.70; 5 copies, $3.75; 10 copies, $6.50; 15 copies, 
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I.U.P.A.C. A Proposed International Chemical Notation 1 en- 
tative Edition, sponsored by the International Union of Pure «ind 
Chemistry. 1958 184 pp $7.00 Longmans, 
Mason, B. Principles of 2nd Edition 
310 pp $8.50 Text Edition $7.00 Wiley (# 4876) 
McNett, Donatp R. The Fight for Fluoridation. 1957 252 
pp $5.00 Oxford University Press. (#877) 
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Freeman Books in Chemistry | 


COLLEGE CHEMISTRY by Linus Pauling, California Institute of 
Technology. 
Illustrated by Roger Hayward, 685 pp., 202 illus., 2nd 
Ed., 1955, $6.75 
This book provides a gradual and systematic introduction 
to the principles of chemistry. 


GENERAL CHEMISTRY by Linus Pauling, California Institute of 
Technology. Illustrated by Roger Hayward, 710 pp., 
193 illus., 2nd Ed., 1953, $6.75 
A concentrated and rigorous treatment of chemistry for 
well-prepared beginning students. 


COLLEGE CHEMISTRY IN THE LABORATORY—No. 1 & No. 2 
by Lloyd E. Malm, University of Utah, and Harper W. 
Frantz, Pasadena City College. No. 1, 331 pp., 93 
es 1950, $3.30 No. 2, 341 pp., 102 illus., 1954, 
30 
Different problems and driil sections make these manuals 
usable alternately for beginning courses. 


A LABORATORY STUDY OF CHEMICAL PRINCIPLES 
by Harper W. Frantz, Pasadena City College. Illus- 
trated by Roger Hayward, 266 pp., 90 illus., 2nd Ed., 
1956, $2.75 
This manual assumes one and a half to two years of high 
school algebra, and of physical science courses. 


GENERAL CHEMISTRY WORKBOOK, How to Solve Problems 
by Conway Pierce, University of California, Riverside, 
and R. Nelson Smith, Pomona College. 249 pp., 
illustrated, 2nd Ed., 1958, $1.75 
An extremely useful self-help book for the student, or a 
bountiful source of problems (more than 1,000) for the 
teacher to choose from for class, drill, and exam use. 


INTRODUCTORY QUANTITATIVE CHEMISTRY by Axel R. 
Olsen, late of University of California, Berkeley, Charles 
W. Koch, University of California, Berkeley, and 
George C. Pimentel, University of California, Berkeley. 
470 pp., 69 illus., 1956, $5.50 
Here is a book for quantitative chemistry that puts pro- 
gressively more and more responsibility on the student in 
the design of the experiments. 


INTRODUCTORY QUANTITATIVE ANALYSIS by Axel R. Olsen, 
late of University of California, Berkeley, Edwin F. 
Orlemann, University of California, Berkeley, and 
Charles W. Koch, University of California, Berkeley. 
299 pp., 45 illus., 1948, $3.75 
A concise treatment of the subject designed especially for 
the one-semester course. 


A SYSTEM OF CHEMICAL ANALYSIS by Ernest H. Swift, 
California Institute of Technology. 589 pp., 1939, 
reissued 1955, $6.00 
Reviews inorganic and analytical chemistry of the common 
elements and gives an experimental introduction to analyti- 
cal separations. 


CHEMISTRY OF THE COVALENT BOND by Leallyn B. Clapp, 
Brown University. Illustrated by Evan Gillespie, 698 
pp., 67 tables, 1957, $7.50 
This is the text for the ‘‘Brown Plan” of teaching beginning 
chemistry. Organic instead of inorganic compounds are 
used lo teach basic principles. Also usable for beginning 
organic courses, with the first chapters as review. 


CHEMICAL THERMODYNAMICS by Frederick T. Wall, Univer- 
sity of Illincis. Illustrated by Evan Gillespie, 422 pp., 
41 illus., 1958, $8.00 
For senior and first-year graduate students, this text has 
an early introduction to statistical mechanics. 


W. H. FREEMAN AND COMPANY 


660 Market Street 


An Outstanding Text 


Texthook of Chemistry 


Second Edition 
Mack-Garrett-Haskins-Verhoek 


This widely used college text gives sound and thorough 
training in the scientific fundamentals of chemistry, 
without slighting classical and descriptive matter. All 
chapters have been brought up to date. The new edi- 
tion includes three integrated chapters on atomic struc- 
ture and an additional chapter on flames, jets and 
rockets, and explosions. There is also a comparative 
chapter on carbon and silicon. Nuclear and solar 
power and fuels are treated comprehensively. 


The book covers the chemical and physical properties 
of organic and inorganic substances, and many topics 
of interest in applied chemistry. For example, metal- 
lurgy, ceramics, textiles, dyes, plastics, fuels, foods and 
soils. For both chemistry major and general student. 


Chemistry forthe Laboratory 


Garrett-Haskins-Rubin-Verhoek 


Designed for the student beginning college chemistry, 
this manual contains 77 experiments and exercises in 
quantitative and qualitative chemistry. A discussion 
of the principles involved begins each experiment. 


The manual emphasizes oxidizing and reducing proper- 
ties of the elements and their compounds. A set of 
experiments illustrating the basic principles of organic 
chemistry is included, and there is an experiment deal- 
ing with the chemical aspects of radioactivity. Empha- 
sis is placed on the relationship between properties of 
the elements and the structure of their atoms. 


Please ask for Descriptive Circulars 


GINN AND COMPANY 


Dallas 1 
Columbus 16 
Palo Alto 
Toronto 7 


Sales Offices: 
New York 11 
Chicago 6 
Atlanta 3 
Home Office: Boston 
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Perry, JAMES W. and Kent, ALLEN. 


and Future Applications. 
Interscience Publishers, Inc. 


Perry, J. W. Chemical Russian Self-Taught. 
$4.00 Chemical Education Publishing Co. 
Pervier, NorvittE C. A Textbook of Chemistry for Embalmers. 
99 pp $5.50 Burgess Publishing Co. 
Quality Control and Statistical Methods. 


1956 
Scurock, Epwarp M. 
2nd_ Edition 


Too!s for Machine Liter- 

ature Searching: Semantic Code Dictionary, Equipment, Present 

1958 Approx. 1016 pp 
78 


1957 260 pp $6.75 Reinhold 


trand Co., Inc. 


1948 232 pp 
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Wiius H. Better Report Writing. 
$4.75 Reinhold Publishing Corp. (# 

Wei, B. H. Technical Editing. 
hold Publishing Corp. 

WHEELER, E. L. Scientific Glassblowing. 
Interscience Publishers, Inc. 

Wutson, E. B. Introduction to Scientific Research. 
pp $6.00 McGraw-Hill. 


SreveNs, RayMonp, HamacHer, Howarp and SmitrH, ALAN A. 
A Scientific Sampler. 


D. Van Nos- 
( #882 
1957 2 


1956 pp $6.00 
1958 288 pp $5.75 Rein- 
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1958 500 pp $9.75 


#885 ) 
1952 376 
( #886) 


Directory of Cooperating Publishers 
CHEMICAL EDUCATION BOOK EXHIBIT 


ACADEMIC PRESS, INC. 

111 Fifth Ave., New York 3, N. Y. 
PUBLISHING 

Reading, Mass. 
ALLYN AND BACON, INC. 

41 Mt. Vernon St. Boston 8, Mass. 
AMERICAN BOOK CO. 

55 Fifth Ave., New York 3, N. Y. 
ANNUAL REVIEWS, INC. 

Grant Ave., Palo Alto, Calif. 


35 W. 32nd St., New York 1, N. Y. 
BARNES & NOBLE, INC. 

105 Fifth Ave., New York 3, N. Y. 
BURGESS PUBLISHING CO. 

426 S. Sixth St., Minneapolis 15, Minn. 
CAMBRIDGE UNIVERSITY PRESS 
32 E. 57th St., New York 22, N. Y. 
EDUCATION PUBLISH- 

Easton, Pa. 
CHEMICAL PUBLISHING CO., INC. 
212 Fifth Ave., New York 10, N. Y. 


CHEMICAL RUBBER CO., THE 
2310 Superior Ave., Cleveland 14, Ohio 


CONSULTANTS BUREAU, INC. 
227 W. 17th St., New York 11, N. Y. 


CROWELL CO., THOMAS Y. 
432 Fourth Ave., New York 16, N. Y. 


ECLECTIC PUBLISHERS 
30 W. Washington St., Chicago 1, Ill. 


PUBLISHING CO., 
255 Jefferson Ave., S. E., Grand Rapids 
3, Mich. 
FREEMAN & CO., W. H. 
660 Market St., San Francisco 8, Calif. 


GINN & CO. 

Statler Bldg., Boston 17, Mass. 
HANDBOOK PUBLISHERS, INC. 

Sandusky, Ohio 
HARPER & BROTHERS 

49 E. 33rd St., New York 16, N. Y. 
HEATH & CO., D. C. 

285 Columbus Ave., Boston 16, Mass. 
HOLT & CO., HENRY 

383 Madison Ave., New York 17, N. Y. 
HOUGHTON MIFFLIN CO. 

2 Park St., Boston 7, Mass. 
INDIANA UNIVERSITY BOOK- 

STORE, Distributor 

Indiana University, Bloomington, Ind. 

FOR INDUSTRY, 


1000 Connecticut Ave., N.W., Wash- 
ington 6, D.C. 

INTERSCIENCE PUBLISHERS, INC. 

250 Fifth Ave., New York 1, N. Y. 
JOHNSON, INC., WALTER J. 

111 Fifth Ave., New York 3, N. Y. 
JOHNSON REPRINT CORP. 

111 Fifth Ave., New York 3, N. Y. 


LONGMANS, GREEN & CO., INC. 
55 Fifth Ave., New York 3, N. Y. 


MACK PUBLISHING CO. 
Easton, Pa. 
MACMILLAN CO., THE 
60 Fifth Ave., New York 11, N. Y. 
MAZURS, EDWARD G. 
6 So. Madison Ave., LaGrange, IIl. 
McGRAW-HILL BOOK CO., INC. 
330 W. 42nd St., New York 36, N. Y. 


MERCK & CO., INC. 
Rahway, N. J 


NATIONAL PRESS, THE 

850 Hansen Way, Palo Alto, Calif. 
OXFORD UNIVERSITY PRESS, INC. 

417 Fifth Ave., New York 16, N. Y. 
PERGAMON PRESS, INC. 

122 E. 55th St., New York 22, N. Y. 
PRENTICE-HALL, INC. 

Englewood Cliffs, N. J. 
PUTNAM’S SONS, G. P. 

210 Madison Ave., New York 16, N. Y 
REINHOLD PUBLISHING CORP. 

430 Park Ave., New York 22, N. Y. 
RINEHART & CO., INC. 

232 Madison Ave., New York 16, N. Y,. 
RONALD PRESS CO., THE 

15 E. 26th St., New York 10, N. Y. 
ROW, PETERSON & CO. 

1911 Ridge Ave., Evanston, Il. 
SAUNDERS CO., W. B. 

W. Washington Sq., Philadelphia 5, Pa. 
STANDARD SCIENTIFIC SUPPLY 

CORP. 


808 Broadway, New York 3, N. Y. 
STIPES PUBLISHING CO. 

10-12 Chester St., Champaign, II. 
ST. MARTIN’S PRESS, INC. 

103 Park Ave., New York 17, N. Y. 
UNIVERSITY OF MICHIGAN PRESS 
311 Maynard St., Ann Arbor, Mich. 

VAN NOSTRAND CO., INC., D. 
120 Alexander St., Princeton, N. J. 
WAYNE STATE PRESS 
Wayne State University, Detroit 2, 
Mich. 
WILEY & SONS, INC., JOHN 
440 Fourth Ave., New York 16, N. Y. 
WILLIAMS & WILKINS CO., THE 
Mt. Royal & Guilford Aves., Baltimore 


Md. 


JOURNAL OF CHEMICAL EDUCATION 


Easton, Pennsylvania 


CHEMICAL EDUCATIO 
( ) Remittance of $ 
invoice. 


Please accept my maecsiption to the JOURNAL OF 


for 


One year $4.00 Two years $7.00 Three years $10.00 


rs. 
) Please send 
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How fo solve 


Problems in Organic Chemistry 
3rd ed.-METHODS OF SYNTHESIS IN ORGANIC CHEMISTRY 
by John H. Billman and Elizabeth S. Cleland 


© Outlines of the fundamental organic reactions. 
© Extensive sections on nomenclature. 


© Problems and Answers with explanations of the 
reasoning involved. 


255 pp 


On Canadian subscriptions add 50¢ yearly; 
on Foreign add $1.00 


Indiana University Bookstore, Bloomington, Indiana 
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ee the 28 vibrators poised over the paper tape? Each 

time a vibrator hits the paper it makes a black dot. 
The black dots form letters and numerals. The letters 
and numerals spell out names and addresses at 10 per 
second. Eastman Kodak Company developed and built 
this punch-card-obeying machine. Recently, an hour or 
so of its time was used to address a copy of Eastman 
Organic Chemicals List No. 41 to everybody who has 
ever written us of a continuing need for an up-to-date 
compendium of research compounds, analytical rea- 
gents, indicators, and solvents for the laboratory. There 
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are some 3700 compounds in all—with their package 
sizes, prices, structural formulas, BP’s or MP’s, and a 
few useful tabulations. Predecessors to List No. 41 are 
obsolete. If by the time you read this, you have not yet 
received your copy, you must assume that the impulses 
representing YOU never motivated the styli. If you want 
the catalog anyway and will accept an ordinary type- 
written address, please inform Dis- 
tillation Products Industries, 
Rochester 3, N. Y. (Division of 
Eastman Kodak Company). 


ISTRY 
iS. 
the 


Published just a year ago and already adopted by almost 100 institutions, 
this text has proven its ability to bring students from varying 
backgrounds up to a high level of achievement. 


xO} 
Al 


A 


By the end of the 1957-58 term, 44 additional institutions had already promised to adopt 
GENERAL COLLEGE CHEMISTRY in the fall term, and only two users had indicated an inten- 
tion to try another text. Harper's is gratified to be able to recommend strongly this text 
which has so quickly become a leader in competition with over 50 other textbooks in intro- 


ductory college chemistry. 


ful results. 


HARPER & BROTHERS 
A9 East 33d Street, New York 16, New York 


~~ By Jesse H. Wood and Charles W. Keenan 


University of Tennessee 


and 


LABORATORY MANUAL FOR GENERAL COLLEGE CHEMISTRY 
By Jesse H. Wood and William T. Smith, Jr. (also U. of Tenn.) 


A detachable-answer-sheet-type manual designed for use with its companion text, but equally 


usable with other introductory chemistry texts. This, too, has been widely used with success- 


A DICTIONARY OF 
CHEMICAL EQUATIONS 


1958 EDITION 


Inorganic Reactions 
Organic Reactions 
Nuclear Reactions 

lonic Reactions 


If for any reason this book is unsuited to 
your purposes it may be returned within 
thirty days and full refund of purchase price 
will be made. 


Remitta ith order—$9.00 
PRICE cov. 


ECLECTIC PUBLISHERS 


30 WEST WASHINGTON STREET 
CHICAGO 2, ILLINOIS 


BARNES & 


NOBLE... 
the place to buy 


CHEMISTRY BOOKS 


Specialists in chemistry textbooks of 
all publishers . . . professional and 
technical reference books and hand- 
books for industrial chemists. 


You'll find the books you 
need — used and new — 
at BE&N, America’s ton 
educational bookstore. 
COME - WRITE - PHONE 
Barnes & Noble, Ine. 


Booksellers and Publishers 
105 Fifth Ave. at 18th St., N.Y.C. 


ALgonquin 5-1420 


Open daily to 5:45; Sat. to 5; Thurs. to 8 
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CHEMISTRY BOOKS 
from GROWELL 


EXPERIMENTAL GENERAL 


CHEMISTRY 3rd edition 
NECKERS, ABBOTT, AND VAN LENTE 
1958 317 pp. $3.50 


LABORATORY PROBLEMS IN 
GENERAL CHEMISTRY 2nd edition 
NECHAMKIN 1956 305 pp. $2.75 


QUANTITATIVE ANALYSIS 
(Methods of Separation and Measurement) 
MELLON 1955 694 pp. $6.50 


BASIC COLLEGE CHEMISTRY 
2nd edition 
BABOR 766 pp. $5.50 


A LINE-FORMULA CHEMICAL 
NOTATION 
149 pp. $2.00 


WISWESSER 


SELECTED EXPERIMENTS IN 
COLLEGE CHEMISTRY 


Basor & LEHRMAN 125 pp. $1.75 


LABORATORY STUDIES IN COLLEGE 
CHEMISTRY 
Basor & LEHRMAN 227 pp. $2.75 


INTRODUCTORY COLLEGE 
CHEMISTRY 2nd edition 


Basor & LEHRMAN 814 pp. $6.00 

GENERAL COLLEGE CHEMISTRY 
3rd edition 

Bazor & LEHRMAN 800 pp. $6.00 


EXPERIMENTAL STUDIES IN BASIC 
COLLEGE CHEMISTRY 


HENDERSON 246 pp. $2.50 


QUANTITATIVE ANALYSIS 
RECORD BOOK 


MELLON 200 pp. $1.00 


HOW TO SOLVE PROBLEMS IN 
QUANTITATIVE ANALYSIS 


ARENSON 89 pp. $1.25 


HOW TO SOLVE PROBLEMS IN 
GENERAL CHEMISTRY edition 


Baror & KREMER 152 pp. $1.50 


HOW TO SOLVE PROBLEMS IN 
PHYSICAL CHEMISTRY 


Baror & THIESSEN 215 pp. $2.00 


HOW TO SOLVE PROBLEMS IN 
QUALITATIVE ANALYSIS 


Basor & MACALPINE 93 pp. $1.25 


THOMAS Y. CROWELL COMPANY 


New York 16, N. Y. 


Important Books 


LOOKING AT CHROMOSOMES 
McLeish and Snoad....... $ 3.75 


GENERAL AND INORGANIC 
CHEMISTRY 
Partington 3rd edition in prep. 


METHODS OF QUANTITATIVE 
MICRO-CHEMICAL ANALYSIS 
Milton and Waters 2nded. 17.50 


ORGANIC CHEMISTRY, 
ELECTRONIC THEORY AND 
REACTION MECHANISM 


Reed and Tucker......... 3.00 
TOXIC SOLVENTS 


AN INTRODUCTION TO 
ELECTRONIC ABSORPTION 
SPECTROSCOPY IN ORGANIC 
CHEMISTRY 


THEORETICAL STRUCTURAL 
METALLURGY 


5.50 
A SHORT HISTORY OF 
CHEMISTRY 

Partington 3rded........ 3.75 


AN ATLAS OF AIRBORNE 
POLLEN GRAINS 
Hyde and Adams......... 10.00 


‘NEW INTERMEDIATE PHYSICS 


A GENERAL DEGREE PHYSICS 
Part 1. The General 


Properties of Matter. . 9.00 
Part 5. Electricity and 
Magnetism........... 10.00 


A FURTHER HANDBOOK OF 
INDUSTRIAL RADIOLOGY 
Wiltshire (ed.)........... 12.50 


LABORATORY AND 
WORKSHOP NOTES 1953-1955 


7.50 


WAVE OPTICS, INTERFERENCE 
AND DIFFRACTION 


Send for A CATALOG 
OF SCIENTIFIC AND 
TECHNICAL BOOKS 


ST MARTIN’S PRESS, Inc. 


103 PARK AVENUE NEW YORK 17, N.Y. 


Two Chemistry Books 


for Beginning Students . . . 
New Book . 


GENERAL 
CHEMISTRY 


(for Colleges) 


A Complete Laboratory Manual 
Consisting of Experiments, Quali- 
tative Analysis, Solution to Prob- 


by D. Ralph Lee 
Illustrations by Samuel M. Cleland 


This concisely written book does not 
presuppose that the student has had 
previous chemistry in high school. The 


experiments emphasize the quantitative 
aspects of chemistry, preparing the way 
for quantitative analysis in the svpho- 
more or junior years. 


262 Pages 


About $4.00 


DAILY ASSIGNMENT 
PROBLEMS IN FRESHMAN 


CHEMISTRY 


by Walter W. Hanneman 


A workbook of supplementary daily as- 
signments which will aid the student in 
learning the material and reduce the 
work load of the instructor. Adapted to 
any first year chemistry course. 


105 Pages 


Price, $1.50 


Complimentary ination copies are avail- 
able te either of these 
books for ad 


option purposes. 


| BURGESS PUBLISHING CO. 
| 426 South Sixth Street 


Bill Me 


ooo 


____ Daily Assignment Problems in 
Freshman Chemistry . . . $1.50 


Payment Enclosed 


Send on 30-Day Approval 


Please send me copies of the following 
books by return mail. 


| 
| Minneapolis 15, Minn. 
| 
| 


BURGESS PUBLISHING CO. 


426 South Sixth Street 
Minneapolis 15, Minn. 
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NEW 


EDITION 


Handbook Of Chemistry and Physics 


$12.00 per copy (Outside U.S.A. add 50¢) 


The only complete reference volume of the sciences 
that is continuously revised and annualy published. 


Over 100 pages of new and revised scientific facts at 

your finger tips are contained in the latest 40th Edition 
**Handbook of Chemistry and Physics’’. New information 
includes: Electron Physics Table; Electronic Constants 
and Debye Temperatures for Superconducting Elements; 

lon Exchange Resins; Superconducting Elements; Langevin 
Functions; Physical Constants of Inorganic Hydrides plus 
others. For additional information on the new and revised 
material contained in over 3300 pages send for Bulletin 40. 


C.R.C. Standard Mathematical Tables 
$3.00 per copy ($3.50 outside U.S.A.) 


up-to-date reference 
aid for those in the field 
of mathematics. 


The new 11th Edition ‘*C.R.C. 
Standard Mathematical Tables’’ 
contains important new information, 
in addition to essential basic math- 
ematical data. New information 
includes: Differential Equations, 
Fourier Series and Fourier Trans- 
forms, Extension to the Tables on 
Factors and Primes, Partial Frac- 
tions and others. For a complete 
descriptive folder on this book, 


The Chemical Rubber Co. 


2310 Superior Avenue Cleveland 14, Ohio 


A SHORT COURSE 
IN ORGANIC 
CHEMISTRY 


HAROLD HART 
and 
ROBERT D. SCHUETZ 


both of Michigan State University 


particularly suited for home 
economics, agriculture, pre- 
nursing, and similar majors 


emphasizes applications to 
biologically-important sub- 
stances 


stresses the “why” of organic 
chemistry 


vivid three-dimensional draw- 
ings of molecular models 


® concise, clear, and complete 


326 pages $5.25 
ALaboratory Manual is available 


GENERAL 
CHEMISTRY 


EDWIN C.MARKHAM 
University of North Carolina and, 
SHERMAN E. SMITH 


University of New Mexico 


modern presentation 
® balanced organization 


emphasizes structural chem- 
istry in text and illustrations 


© stresses practicc! applications 
®@ over 350 excellent illustrations 


613 pages $6.50 
ALaboratory Manual is available 


Boston 7 
New York 16 


HOUGHTON MIFFLIN 


Chicago 16 
Dallas 1 
Palo Alto 
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JCATION 


widely known... widely used — 


Fieser and Fieser—Introduction to Organic Chemistry 620p. 
FirseER—Experiments in Organic Chemistry, 3rd ed. rev. 364p. 


NEBERGALL and ScuMipt—College Chemistry 


796p. 


Herep and NeBerGALL—Basic Laboratory Studies in 
College Chemistry 112p. 


Daccetr and MELpRUM—Quantitative Analysis 480p. 
Freser and FirseEr—Organic Chemistry, 3rd ed. 1117p. 
Hopkins and BaiwLar—General Chemistry for Colleges, 5th ed. 711p. 


McBarin—Colloid Science 


to watch for in January — 


Fieser and FirseEr—Basic Organic Chemistry 
NEBERGALL and ScuMipt—College Chemistry, Alternate Edition 


458p. 


D. C. HEATH AND COMPANY 


San Francisco 5 Atlanta 3 


Sales Offices: Englewood, N. J. 
Dallas 1 Home Office: Boston 16 


Chicago 16 


A New Edition of a Great Text—Ready Spring, 1959 


The Fundamentals of College Chemistry 
Third Edition 


G Brooks King, The State College of Washington 
William E. Caldwell, Oregon State College 


Completely rewritten and reset in a handsome new format, the Third 
Edition of this text retains all the fine features that have contributed to the 
outstanding success of the Second Edition, which has been used in more 
than 400 colleges throughout this country and in many colleges abroad. 
Among these features are the clear explanations, the many carefully 
worked out examples, and the abundance of problems. 


Up-to-date in every respect, the Third Edition re-evaluates concepts of 
valence, bonding forces, reaction rates, chemical equilibrium, and “redox” 
reactions in the light of the most recent research. New drawings give 
realistic interpretations of important chemical facts and processes, and 
new photographs arouse student interest in the chemistry of today. 


COLLEGE DIVISION 


Laboratory Experiments 


in General Chemistry 


1956 


G. Brooks King, The State College of Washington 
William E. Caldwell, Oregon State College 


Chosen to illustrate the principles of chemistry 
and to teach the fundamentals of laboratory 
operations, the experiments in this manual are 
correlated with chapters in The Fundamentals of 
College Chemistry, either the Second or Third 
Edition. There are 65 experiments—enough to 
challenge the faster and more advanced students. 
Forty-eight clearly labeled drawings illustrate 
the apparatus called for in the experiments. 


American Book Company 55 Fifth Avenue, New York 3, N. 
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Beckman Instruments, Inc.. 
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Blue M Electric Co 
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Agency: Lethen Adv. 
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Burrell Corp 
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Cambridge University Press...... A465 


Central Scientific Co..A417, A420 & A422 
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Chemical Rubber Co 
Agency: Ad Enterprise Adv. 
Coleman Instruments, Inc 
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Consultants Bureau, Inc.......... 
Agency: H. J. Gold Co., Adv. 


Coors Porcelain Co. 
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CATION 


‘* From every point of view... 
a major work of the first class.”’ 
—Nature 


THE TERPENES 
By the late Sir John Simonsen & Colleagues 


With the recent publication of Volumes IV 
and V, The Cambridge University Press 
takes pride in announcing the complete five- 
volume monograph. 


The Terpenes is a critical summary of the vast 
store of widely scattered information on the 
chemistry of the terpenes. The text of the 
monograph is amplified by abundant struc- 
tural formulae which enable the reader to 
follow easily the many complex reactions. 
There are also frequent references to sources 
of information for those making a more de- 
tailed study. 


Volume $10.60 
Volume II = $11.00 
Volume III $11.00 
Volume IV $13.50 
Volume V_ $15.50 
The complete set $61.00 


CAMBRIDGE UNIVERSITY PRESS 
32 East 57th Street New York 22, N. Y. 


ESSENTIALS 
PHYSICAL 


SCIENCE 


by JOHN DEVRIES 
with the assistance of DONALD C. BOARDMAN 


Presents more than a full year's course on basic principies 
underlying the physical sciences, with emphasis on the rela- 
tion of the basic facts of science to Christian commitments. 


SIX UNITS 


. Introduction to the Study of Physica! Science 
- The Concept of Force and Its Application 

. Matter and Its Characteristics 

- The Structure of Atoms and Molecules 

. Nuclear Chemistry and Physics 

. An Examination of the Crust of the Earth 


Well illustrated with halftone pictures and all necessary 
diagrams, tables, indexes. 


375 pages, double-column, $6.95 


WM. B. EERDMANS PUBLISHING COMPANY 
GRAND RAPIDS 3, MICHIGAN 


A NEW TEXT FOR GENERAL COLLEGE STUDENTS 


VOLUME 35, NO. 9, SEPTEMBER, 1958 


by ‘Wallace §. Brey, Jr. 


This text acquaints the student of the biological 
sciences with the field of physical chemistry and in- 
dicates how the understanding of physicochemical 
principles sheds light on the behavior of matter. 
The important principles of physical chemistry are 
covered giving a complete treatment of all topics 
for the student who has had no background in math- 
ematics beyond algebra and logarithms. Ideas of 
the calculus are introduced where necessary to the 
development of the subject. They are fully ex- 
plained as they are used. In addition to the funda- 
mental principles of the subject, illustrations of the 
application of physical chemistry to the solution of 
biochemical principles are presented. 


433 pages, illustrated, $7.00 


Inc. 


35 West 32nd Street, New York 1, N. Y. 


CHEMISTRY 
VISUALIZED 
AND APPLIED 


1957 Second Edition — Completely revised 
By ARMAND J. COURCHAINE 


Since this text appeared a few years 
ago it has steadily gained recognition 
and popularity for the survey courses 
offered to undergraduates in college 
chemistry. 

The new edition has preserved the 
features which made the first book a 
standoul while at the same time the 
author and editor have accomplished 
an exceptionally fine job in bringing it 
thoroughly up to date. 

We want teachers and instructors to 
know this book. A card will bring you 
a complimentary copy for consideration 
as a text for your next class. 


702 Pages Profusely Illustrated 
Full inder $5.50 


Address your request to: 
Educational Dept. 


G. P. PUTNAM’S SONS 
210 Madison Ave., New York 16, N. Y. 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


TANDEM 
CLAMP 
HOLDER 


Permits vertical adjustment by one thumbscrew of 
a glass assembly, e.g. reflux apparatus. Fits 14” rods 
and takes standard holders. Literature available. 
ORGANOMATION ASSOCIATES 
Bex 5, Turnpike Sta., Shrewsbury, Mass. 


IMMEDIATELY AVAILABLE 
at 
MOST ATTRACTIVE PRICES 
imported 
CHEMICAL THERMOMETERS 


engraved on stem or enclosed milk glass 
scale 


Most ranges in stock 
Quotation by return airmail 


Ask for Catalog 


THE INDUSTRIAL & SCIENTIFIC 
INSTRUMENT COMPANY 
5225 GERMANTOWN AVE. 


PHILADELPHIA 44, PENNA. 
PHONE: GE 8-0220 


piping! 


NEW! Delicate control of fluids. SAFE for 
handling radio isotopes and disease germs! 
Turn knob to fill pipette and reverse to empty. 
Made of aluminum and nylon. $2.50-Guoranteed 
Contact your local laboratory supply or write 
Micro-Fine Instruments, Box 2122, Des Moines 10, la. 


[APRONS 


Laborator 
COATS” 


Standard for Over Forty Years 
- «SIX QUALITIES in FOUR SIZES 


GROUP PRICES-BONUS APRONS 
well made - strong tapes- the six 
different qualities with a wide 
price range are designed to fit 
your needs for good aprons at 
the price you want to pay. 


SEND FOR CIRCULAR 
NO. 15 


For Information-Material 
Samples and Prices on 
LABORATORY APRONS 
ond COATS 


LAB COATS: Distinctive 

style- cop quality materials. 

¥ 4 Made especially for lab use. 

7 Choice of five colors. 

NONE BETTER - Worn by 
thousands. Sent you prepaid 
and your satisfaction guar- 
anteed. Light weight - cool 
- durable and comfortable. 


15 East McWilliams Streer | 
FOND DU LAC, WISCONSIN | 


Have you seen the Langdon Vacuum Pump? 
For labora use. Single stage, rotary, 
ed, high speed 
(1725 r.p.m.). No 
spare . Complete uiet opera- 
tor oil (50 c.c.) that can be changed 
while the pump is on stream. Every 
chemist can disassemble, clean and re- 
assemble in 20 minutes. Operates at 
35 1./min. (free air) to produce ulti- 
mate vacuum of 50 microns. Perma- 
nently non-fouling. Now in use in 
laboratories in many of the largest 
companies and universities in America 
(names on request). Write today for il- 
lustrated, descriptive brochure. Langmar 
Corporation, 4875 W. Armitage 
Chicago 39, Ill. 


ALUMINUM BROMIDE l 
COBALT BROMIDE 
NICKEL BROMIDE 
Some of the many special chemicals we | 
manufacture 
Write for our list of rare chemicals l 
CITY CHEMICAL CORP. i 
132 W. 22nd St. New York 11, N.Y. ; 


UNKNOWNS 


For 
Qualitative Analysis Classes 

One hundred qualitatively different lots ot 
metals and alloys and mixtures of metals and 
alloys. Ready for analysis. Detailed list on 
request. Just write for leaflet U-JCE. 
The complete set of one hundred samples, 8 

composition to 40 grams 
A Real Treasure Chest of income. ‘ 
All in one Compact Case 

Cargille Unknowns have been used 

in many colleges since 1932. 
R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New Yo:k 6, N. Y. 


RARE and FINE ORGANICS 


ADIPYL CHLORIDE 

ETHYL ISOCYANATE 

GLYCOLLAMIDE 

HEXAMETHYLENE DIISOCYANATE 
N-NITROSO METHYL UREA 
NITROUREA 

PHENYL NITRO METHANE 

PYRIDINE ALDEHYDES, 2,3,4 
PYRROLE 

TETRAPHENYL ARSONIUM CHLORIDE 


LABORATORIES 
WY 


Incorporated 
29-46 Northern Bivd. LIC 1, N. Y. 


r RAPAHOES 


TRADE-MARK 


ACTIVE HALOGEN COMPOUNDS 


NBA (N-Bromoacetamide) 57% Min. Act. 
Br. Guaranteed— 
A snow-white, if kept below 


“DIBROMATIN" (Dibromodimethy! 
Hydantoin) 55% Min. Act. Br: Guarante: 
A white, stable product. 


DIBROMOETHYLMETHYL HYDANTOIN 
53% Act. Bro 
DIBROMAMINE “B" 50.4% Min. Act. 
Br— 


Ready source of positive bromine. 
NBS (N-Bromosuccinimide) 44.5% Min. 
Act. Bre Guarante 
A snow-white, completely stable compound. 
“MONOBROMANTIN" (Monobromodi- 
methyl Hydantcin) 38% Act. Br 
PERBROMIDE 


A solid, easily handled source of bromine. 
DICHLOROAMINE "'B" 31.0% Min. Act. 


— 
Ready source of positive chlorine. 


Whatever your needs for organic halogenating 
compounds the right one is always available 
in highest_ quality at lowest cost from 
ARAPAHOE! Ask Dept. 


ARAPAHOE CHEMICALS, INC. 
2800 PEARL STREET + ‘BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


without A.E.C. license 


RADIATION EQUIPMENT & KITS 


cs Write for Prices and 
Radiation Safety Suggestions 


ATOMIC RESEARCH PRODUCTS 
10717 Venice Boulevard Los Angeles 34, Calif. 


“Quality Products for Atomic Education” 


BRYDEN ROD CLAMPS 


Best for all 
— Laboratory 
Purposes 


no snagging ends. 
ydens are available as: 


Extension Rod Clamps 
Round Rod to Square Clamps 

Write for FREE literature today 
CHANDLER’ & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


14 LABORATORY MACHINES 
From 3-Roller Mill to Tablet Press 
Operated with the same 
ERWEKA LAB-MASTER MOTOR 
Write for Free Catalog 


CHEMIPHARM 
90 West Broadway York 7, N. Y. 


A.C.S. MONOGRAPHS (out-of-print) 
Now Ready in 3” x 5” Microtext Card Editions — 
Hundreds of other Chemical 
and Scientific Titles Available. 
Write for Complete Reader and List Information 
MICROTEXT PUBLISHING CORP. 

115 Liberty St., New York 6, N. Y. 


RA R CHEMICALS 


METALS 
MINERALS 
MATERIALS FOR NUCLEAR RESEARCH 
Senc! for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


THE NEW 1958 


ISOTOPE INDEX 


. lists commercial sources of all $3.00 U.S.A. 
isotopes and labeled compounds 
of C-14, H-3, 1-131, S-35. $3.50 Foreign 


SCIENTIFIC EQUIPMENT CO. 
DEPT. CE. BOX 5686 — INDIANAPOLIS 19, IND. 


PURPOSE 
(OF ABORATORY 


FEATURING: 
3600 Settings 
Split-Second Accuracy 
Automatic Switching 
Built-in-Buzzer 


TIMER 


Giant 8” Dial 
Portable Mount Models 
Panel Mount Models 
Precision Construction 


WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


208 E. Sixth St. 


Dayton, Ohio 


Teach your students to 
SAVE TIME and EFFORT—yet 
ELIMINATE UNCERTAINTY . . . 


with the 


KERN 


FULL-CIRCLE 
POLARIMETER 
for determination of the 
angle of rotation of 
optically active sub- 
stances. 
Extremely pri rth ied with 
three tubes; in cabinet, at ~ 4 .$333.65 
e Direct readings to .05° 
e Trisectional field for easier balancing 
e Variable half- nee for control of 
ty ani 
e Full-circle scale nd greater protection 
against d. 
e Immediate 
@ Service by factory-trained engineers 
Additional features described in 


s KP 567 sent FREE on re- 
quest. Literature on LK 30 
ratus and 


A 
~ mew--KERN Bialyzing essel avail- 
able. 


KERN COMPANY 


National Agents 
119 Nassau Street, New York 38, N. Y. 


NOW OVER 51/00 
CHEMICALS 


Calcium Malate 
* Calcium Metaborate 

Calcium a-Naphthylphos- 
phate 

Calcium Sucrate 

Calcium Undecylenate 
mphoquinone 

Camphor Salicylate 

Camphylamine 

Cantharidin 

p-Carbamylphenylarsine 
Oxide 

Carbobenzoxy-1-glutamy]l- 
1-tyrosine 

Carboxybenzene- 
sulfonamide 

p-Carboxypheny]l- 
arsinoxide 

5-Carboxyuracil (Uracil-5- 
carboxylic acid) 

Carnaubic Acid 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


Inc. 


7 West 60th St. New York 23, N.Y 


Practically indestructible! 


“ROCHESTER 


NALGENE POLYETHYLENE 
CARBOYS AND BOTTLEs provide 
reliable protection from breakage 


_ in handling caustics and acids. 


Good-looking, light, easy to handle, 
chemically inert and heat resistant 
they’re extremely useful in 

plants and laboratories. 


1208—CARBOYS, ASPIRATOR 
with 1” all polyethylene 
dle type spig 
Sizes Available: 2 gal, 5 gal, 61/2 
gal, 13 gal. Priced from $16.80 to 
$36.80 each. 


1206—BOTTLES, ASPIRATOR 
with serrated tubing outlet. 


Sizes Available: 32 oz, '/2 gal, 1 gal, 
2 gal, 5 gal, 6'/2 gal, 13 gal. Priced 
from $2.65 to $29.75 each. 


NEW YORK 


a Ploza 7-8171 WORLD’S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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LOOK FOR THESE BOOKS 


At the Chemical Education Book Exhibit 


Nostrand . ‘Company, Inc. 
Alexander Street. ‘Princeton 


TEXTBOOK OF ORGANIC CHEMISTRY 


By Lloyd N. Ferguson, Professor of Chemistry, Howard University. 
618 pp. Ill. $7.50. 


The most striking feature of this new text is its emphasis upon stu- 
dent needs. The author gives a logical, sound and clear study of 
the basic principles of organic chemistry; theoretical concepts are 
appropriately applied in order to make clear their usefulness in 
explaining properties and reactions. By extended use of flow 
sheets and summarizing charts, the author conveniently represents 
the most important data. The exercises and questions after each 
chapter serve both to review the material of the chapter and to inte- 
grate all topics considered up to that point. 


INSTRUMENTAL METHODS OF ANALYSIS 


Hobart H. Willard, ag Professor of Chemistry, University 

By Michigan; Lynne L. Merritt, Jr., Associate Professor of Chemis- 

try, Indiana University; and John A. Dean, Associate Professor of 

on University of Tennessee. 3rd ed. 640 pp. Il. 
7.50 


This popular text now appears in a convenient 6x9 letterpress 
edition in which every chapter but one has been completely re- 

written to accommodate new material on the latest instruments and 
methods. It includes an accurate presentation of Raman spectog- 
raphy, flame photometry, radioactivity, coulometric methods, and 
enthalpy titrations. 


A SHORT COURSE IN QUANTITATIVE ANALYSIS 


By Hobart H. Willard; N. Howell Furman, Russell Wellman Moore 
Professor of Chemistry, Princeton University; an . Bacon, Pro- 
fessor of Chemistry, Union College. 243 pp. il. $4.25 


ELEMENTS OF QUANTITATIVE ANALYSIS 


By Hobart H. Willard; N. Howell Furman; and Clark E. Bricker, 
Associate Professor a Chemistry, Princeton University. 4th ed. 
592 pp. Ill. $6.95 


FUNDAMENTALS OF QUALITATIVE CHEMICAL 
ANALYSIS. SEMIMICRO METHOD. 
By Roy K. McAlpine, Associate Professor Emeritus of Chemistry; 


and Byron A. Soule, Associate Professor of Chemistry, both at the 
University of Michigan. 4th ed. 352 pp. Ill. $5.00 


SEMIMICRO QUALITATIVE ANALYSIS 


By Frank Welcher, Professor of Chemistry, Indiana University; and 
Richard B. Hahn, Associate Professor of Chemistry, Wayne Univer- 
sity. 497 pp. Ill. $6.50 


New Jersey 


SCIENTIFIC 
ENCYCLOPEDIA 


AN INTRODUCTION TO CHEMISTRY 


By Charles Compton, Professor of Chemistry, Williams College. 
7 pp. Ill. 85 


Writing in a fluent and lively style, Professor Compton brings to 
life the aspects of chemistry that capture and maintain the non-science 
student's interest: ideas concerning the structure and behavior of 
matter, and practical applications of these ideas. His approach is 
remarkably effective in developing an appreciation of the methods 
which chemists employ, especially through the use of condensed 
case histories such as Lavoisier’s combustion theory, Dalton’s atomic 
theory, and the development of nylon and aspirin. 


BASIC PRINCIPLES OF CHEMISTRY 


By Eugene C. Winslow, Associate Professor of Chemistry, University 
of Rhode Island. 295 pp. 75 

Thoughtfully organized and clearly written, this study of basic 
denial principles is intended for one-semester college courses. 
The author's choice of topics is felicitous; his presentation efec- 
tively balances inorganic, organic, and physical chemistry. The 
questions and exercises focus students’ attention on the most im- 
portant subjects. 


INTRODUCTORY CHEMISTRY 


By Otto W. Nitz, Associate Professor of Chemistry, Stout State 
College. 520 pp. Ill. $5.75 


GENERAL COLLEGE CHEMISTRY 


By M. Cannon Sneed, Professor Emeritus of Inorganic Chemistry; 
J. Lewis Maynard, late Professor of Inorganic Chemistry; and Robert 
C. Brasted, Associate Professor of Inorganic Chemistry, all at the 
University of Minnesota. Qnd ed. 764 pp. Ill. $6.50 


SPOT TESTS IN INORGANIC ANALYSIS 
By F. Feigl. An Elsevier Book. 532pp. Ill. $13.95 


A MANUAL OF FLAME PHOTOMETRY 


By F. Burriel-Marti, Professor of Analytical Chemistry, and 
J. Ramirez-Munos, Senior Lecturer in Analytical Chemistry, both 
University of Madrid. An Elsevier Book. 464 pp. Ill. $12.75 


CHROMATOGRAPHY 


By Edgar Lederer, Director de Recherches, Centre National <e !e 
Recherche Scientifique, Sorbonne, Paris; and M. Lederer, Irstitut 
i Paris. An Elsevier Book. 2nd ed. 700 pp 
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METTLER 
BALANCES 


METTLER SINGLE PAN, DIRECT READ- 

ING BALANCES incorporate the principle of 

constant sensitivity substitution weighing in com- 

bination with efficient damping, built-in weights 

and optical presentation of the result. They 

are outstanding for speed, accuracy and con- 

venience for many types of laboratory purposes. 3 
For analytical work of maximum accuracy, ~~ H- 

the B series and the unique M-5 model overcome ~~ sa 

tedium and uncertainty in important sample ~ Ez 

preparation. 


For bulk weighing, dispensing, packaging, 
weight conformity inspection and other tasks 
requiring medium accuracy, the K series plat- 
form type fulfill a comparable purpose. 


For weighings of sub-analytical nature in 
industry, teaching, etc., the new H series covers 
the range between the B and K series. They in- 
corporate features of both, i.e. total enclosure 
and multiple weight manipulation as in the B 
series, and reduction in number of individual 
reference weights by means of extended optical 
scale as in the K series. 


Taring is provided for in the B and H series 
and in the T models of the K series. 


Optical 
ANT Co. 
(at. No. Model scale 


range 
1867-J | B-5 . 115 mg 
1888-0 | B-6 115 mg 

_1888-M | M-5 Y 20 mg 
| J 1200 mg 

1887-H | H4 . 1200 mg 

1887-F | H-5 . 1200 mg 

1924-B | K-5 I 1000 gms 
1924-8 | K-7 100 gms 
1924-C | K-5T : 1000 gms 
1924-C | K-7T I 100 gms 


*Accuracy beyond the optical scale range is limited to Class 
tolerances of weights incorporated. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 


Copy of Bulletin 127 sent upon request 
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Announcing ... 


Encyclopedia of Chemistry 
SUPPLEMENT 


edited by GEORGE L. CLARK, Research Professor, Department of Chemistry, 
University of Illinois and G. G. HAWLEY, Reinhold Book Division 


The Supplement adds over 200 clear, concise articles of primary and current importance to the Encyclo- 
pedia of Chemistry. This will be the only volume added to a work already acclaimed for its “magnitude 
and excellence.” These companion volumes make the most convenient encyclopedia centered around 
the subject of chemistry ever published. The arrangement of the Supplement is identical to that of 
the parent book: articles appear alphabetically by subject. Each article is written by a respected author- 
ity in science and/or industry. The Supplement, like the Encyclopedia, excels from the point of view of 


effective communication as well as technical accuracy. 
1958, 338 pages, 7 x 10, $10.00 


ENCYCLOPEDIA OF CHEMISTRY 
edited by CLARK and HAWLEY 


Over 800 articles, 500 contributors, from Abrasives through Zir- 
conium. This is the outstanding work which the above volume 
supplements. 


Three new additions to the 
REINHOLD PLASTICS 


1957, 1,053 pages, 7 x 10, $19.50 APPLICATIONS SERIES ... 
FLAVOR RESEARCH AND FOOD ACCEPTANCE 
Sponsored by ARTHUR D. LITTLE, INC., Cambridge, Mass. 


by W. MAYO SMITH, Director of Research 
This distinguished book ranks as the leading authority on one of si a 
the basic factors of food product success—flavor. It reveals for and Development, Escambia Chemical Corp., Wilton, 
the first time the important discoveries made by various research Conn. 
centers in sensory testing, consumer testing, psychology, physi- 


ology, and chemistry. 
1958, 397 pages, $10.00 


VINYL RESINS 


1958, 292 pages, $5.75 


EPOXY RESINS 


MODERN CHEMICAL PROCESSES: Volume 5 


by the editors of INDUSTRIAL & ENGINEERING CHEMISTRY, in 
conjunction with the technical staffs of cooperating organizations. 


This is the fifth volume in a series that describes American 
chemical technology in pertinent detail. Volume 5 contains 14 
recently developed chemical processes, all now in operation. The 
first four volumes and future volumes to issued every two 
years are reference works of the very latest and most modern 
production methods in the chemical and process industries. 


Volume 5: 1958, 168 pages, $5.00 
Volume 4: 1956, 202 pages, $5.00 
Volume 3, 1954, 276 pages, $5.00 
Volume 2, 1952, 290 pages, $5.00 
Volume 1, 1950, 230 pages, $5.00 


by IRVING SKEIST, Consultant, Skeist 
and Schwarz Laboratories, Newark, N. J. 


1958, 234 pages, $5.50 


GUM PLASTICS 
(Rubber-Modified Plastics) 


by M. S. THOMPSON, Naugatuck Chemical Division, 
U. S. Rubber Company 
1958, 208 pages, $4.50 


Send today for your ON-APPROVAL copies 


REINHOLD PUBLISHING CORPORATION - Dept.M-355 + 430 Park Ave., New York 22, N. Y. 
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Published by the 
DIVISION OF 
CHEMICAL EDUCATION 


Harriet B. Schroeder Asst. to the Ed. 
C. &. Fleck Asst. Business Mgr. 


BOARD OF PUBLICATION 


Frederic B. Dutton 


State University 
Michigan 


Symposium on Wood as a Chemical Raw Material 
Summary of Symposium, Harry F. Lewis 
The Composition and Structure of Wood, Arthur B. Anderson 
The Production of Chemical Cellulose from Wood, Berwyn B. Thomas 
The Utilization of the Noncarbohydrates in Pulping Spent Liquors, 


Lignin as a Raw Material for the Production of Pure Chemicals, 
Irwin A. Pearl 


Predicting Failures in General Chemistry, Nelson W. Hovey and 


Albertine Krohn 
A Laboratory Aid to Speed up Filtration, H. I. Feinstein 
A Phase Rule Experiment: The System Lead Nitrate-Sodium Nitrate-Water, 


Permanent Packing Type Crystal Models, Malcolm E. Kenney 
The Acid Dissociation Constant of Methyl Red, Stephen W. Tobey 


A Statistical Comparison of the Gravimetric, Mohr, and Fajans Methods for 
Chloride, Bart Park 51 


Laboratory Preparation of Cellophane, Meredith Miller 
On the Inflating of Balloons, F. E. Condon and Michael Fryd 
Some Aspects of Technical Translating, Jan F. Finlay 


Proceedings of the Pacific Southwest Association of Chemistry Teachers 


Technical Education and Development in an Indian Environment, 
Robert D. Vold 


Report of the New England Association of Chemistry Teachers 


A Temperature-sensitive Stirring Rod, Robert D. Eddy and 


Demonstration Abstracts, Hubert N. Alyea 
Chem. Ed. Tested Demonstrations, Frederic B. Dutton 


ption Price: Domestic $4.00 per year; Canada $4.50; other countries $5.00. Issued monthly. 
Single ~ pe OS of issues in current year, 60¢ each; all other le copies, $1.25. Remittances and 
orders subscriptions ice, 20th and Northampton Streets, 
Easton, Pa. Foreign remittances must be P tional Money Order. 
ts for publication should be directed to the editor. Prospective authors are 
a Ang oa Stituse writing and. to rve the forms outlined in our Notice to Authors as it a 
. 4957 issue. Second-class mail privileges authorized at Easton, 
provided for in BriSeclion 1103, Act of Oct. 3, 1917. 


The JOURNAL OF » camacasaioiaba is the official organ of the Division of Chemical Education 
and 6 ee l@nd Association of Chemistry Teachers, and the Proceedings 
> h It is indexed in the E tion Index, Industrial 


© Copyright, 1958, by Division of Chemical Education, American Chemical Society 


OF THE 487 
OFFICERS 
H. H. Sisler Chairman 
J. F. Baxter Secretary : 
WILLIAM F. KIEFFER } a 
Editor 
Benjamin F. Gould 
Advertising Mgr. ; 
J. F. Baxter M. G. Mellon 513 
C. E. Bri H. H 
R. F. Marschner E. C. Weaver | 
EDITORIAL BOARD 
_ Fresno State College 
Fresno, California 
Laurence S. Foster 
Ordnance Materials Research Office 
Watertown, Massachusetts 
Terre Haute, Indiana 
Kenneth A. Kobe ee 
University of Texas 
ilto Henry M. Leicester 
n 
Editor's Outlook............. 481 Recent Books............... 529 
5.75 Out of the Editor's Basket..... A490 _. , Advertisers’ Index........... A521 
Portland, Oregon 
Williem F, Luder Letters to the Editor.......... 528 
Los eles, California 
55.50 Ralph E. Oesper 
University of Cincinnati 
Cincinnati, Ohio 
James M. Pappenhagen 
Kenyon College 
Gambier, Ohio 
Elbert C. Weaver 
Phillips Academ : 
| BUSINESS & PUBLICATION 
20th and Northampton Streets 
Easton, Pennsylvania 
EDITORIAL OFFICE | 
College of Wooster 
Wooster, Ohio 
ADVERTISING OFFICE ‘ 
S00 Fifth Avenue 
‘ New York 36, N. Y. 


ASH WEIGHTS 


For fine gravimetric analyses the re- 
sidual ash of a filter paper is important, 
and the first requirement is uniformity. 
When making a critical determination 
the analyst must know the maximum 
ash he will get from every circle of 
filter paper he uses. He must have as- 
surance that the ash weights printed 
on each box of filter paper can be re- 
lied on for accuracy. Constant labora- 
tory control of each Whatman filter 
paper production guarantees this ac- 
curacy, and the ash weights given are 
maximum, not average. 


For varying types of analyses What- 
man gives you a choice of three ash WE A i Ni AN 
weight levels: 
Single acid washed 
For rough quantitative analysis FILTER PAPE RS 
Double acid washed 
For fine gravimetric analysis A full range for all 
Double acid washed — hardened ; i 
For the finest work possible. laboratory filtrations 
Figures for residual ash of all What- 
man grades are given on every box of 
Whatman filter paper. These figures 
will also appear in chart form in our 


new catalog, which will be ready early 
in 1959. 


Maximum ash per circle — in grams 


9.0 cm 11.0 cm 12.5cm | 15.0cm | 18.5cm 


Maximum ash-grams 
per 100g 


.00015 .00022 .00029 .00041 
00021 .00027 
.00015 .00023 .00030 


.00009 00011 
.00008 
.00009 
.00007 


.00006 
.00006 
140 .00007 


* refer to 
atman Retention Chart 
*%* Figures refer to Samples of f 
ples of any of the Whatman grades 
Whatman Flow Rate Chart {A 
Both Available on request € listed above are yours by writing: 


reeve angel 


H. Reeve Angel & Co., Inc. 
52 Duane Street, New York 7, N. Y. 
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You are cordially invited to attend the 


PARADE of 
SCIENTIFIC 
INSTRUMENTS 


for Education, Public Health and Industry 


... featuring a symposium and 
lectures by eminent scientists 

and technicians on instrumentation 
and methods. 


New Laboratory Instruments 


New Apparatus and Chemicals 
New Techniques—New Ideas 


Demonstrated and Displayed 
By 50 of America’s Outstanding Instrument and 
Apparatus Manufacturers and Chemical Producers 


GRAND BALLROOM 
HOTEL NEW YORKER 


34th Street and 8th Avenue, New York City 


Nov. 10, 1958 — 2 to 9 P.M. 
Nov. 11, 1958 — 11 A.M. to 9 P.M. 
Nov. 12, 1958 — 11 A.M. to 7 P.M. 


under the auspices of 


STANDARD SCIENTIFIC SUPPLY CORP. 


808 Broadway, * New York 3, N. Y. 
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Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown. 


IN SCHOOL AND COLLEGE LABOo.- 
C— RATORIES J-M Colorlith offers proof of 
““~ its practicality and attractive appearance, 


New personality for hard-working labs 


handsome, tough, colorful 


Here's the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 
material—Colorlith—and it’s ready to help 
you bring new color and design into the 
school and industrial laboratory. 

Made of asbestos and cement—Colorlith 
offers all these important advantages: COLOR 
—makes any lab a showplace. WORKABILITY 
—offers new design freedom. (Large 4’ x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—rFesists years of 
strenuous service—can be used in thicknesses 


aslowas 4” for resurfacing and fume hoods. 
HEAT RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 


For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-Mrepresentative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


JOHNS-MANVILLE 


IN INDUSTRIAL LABORATORIES Colorlith 


provides inviting working conditions for many of 
the top names in American business. 
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New PYREX brand Student cylinder is strong, accurate and chemically stable. Priced low to help keep budgets in line. 


This New PYREX® graduated cylinder 
is priced low for school budgets 


Now you can provide Pyrex brand yey cylin- 


ders for your students for as little as $1.03 each.* 

This new, low-priced Student cylinder is designed 
specifically for school laboratories. We make it with 
the same care and attention to detail given all our 
Pyrex Labware. But it costs us much less to make so 
we pass the savings on to you. 

It’s supplied in two parts: the Pyrex cylinder col- 
umn is accurate, strong and chemically inert; the 
detachable plastic base is sturdy and hex-shaped for 
extra stability. 

You can save money even if a student should break 
this cylinder because the column can be replaced for 
less than the cost of the complete unit. 


Include this cylinder in your next laboratory sup- 
plies requisition—and group all Pyrex Labware to get 
low unit costs through quantity discounts. Check the 
new Pyrex Labware Catalog LG-1 for. additional 
glassware designed for student use. If you don’t have 
a copy, we'd be pleased to send one to you. 


*25 ml cylinders are priced as low as $1.03 when included with any 
assortment of 100 packages of Pyrex brand Labware. Ask your dealer 
for complete prices, or write us for Supplement No. I to LG-1. 


CORNING GLASS WORKS 
76-10 Crystal Street, Corning, New York 


... the tested tool of modern research 
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NO STUFFING BOX OR 
SHAFT SEALS TO LEAK, CONTAMINATE 
OR REQUIRE MAINTENANCE! 


ALL-PURPOSE |TEFLON‘*/SEALLESS PUMP 


WITH KEL-Fi ELASTOMER LINER 


HOW VANTON DESIGN WORKS 


An all-purpose pump to solve problems of pumping cor- 
rosive fluids, abrasive slurries or gases in the laboratory 
or pilot plant. The transferred fluid is isolated to con- 
tact only with the new totally resistant fluorocarbon 
materials. Flow takes place on the outer surface of a 
Kel-F+ elastomer liner and the inner surface of the 
Teflon pump housing. The Vanton pump is self priming 
and by unique design eliminates sources of difficulty 
such as stuffing boxes, shaft seals, gaskets and check 
valves. Maintenance is limited to the infrequent, 60 
second replacement of the flexible liner. 


Pump is available in 1 gpm, 2 gpm and 5 gpm sizes— 
close coupled to a % HP 115/230 volt, single phase, 
60 cycle, 1750 RPM, Totally Enclosed Fan Cooled, 
Capacitor Start motor complete with 10 ft. of exten- 
sion cord with plug, base and carrying handle. 


*TEFLON—Reg. trade-mark of Du Pont for its tetrafluoroethylene resin. 
tKEL-F—Reg. trade-mark of Minnesota Mining & Mfg. Co. 


Liquid flows in channel be- 
tween molded Teflon body 
and Kel-F flex-i-liner (1) 
¢ No liquid touches metal 
¢ Liner flanges secured to 
plastic body by bolted face 
plates (2) * Pumping mecha- 
nism is rotor mounted on 
eccentric shaft (3) * At each 
revolution it pushes liner 
against body block and 
sweeps a slug of liquid 
around the circular track from 
inlet to outlet + All bearings 
are outside of fluid area, and 
located within a protective 
stainless steel assembly in 
the event of flex-i-liner fail- 
ure (4) « Liners are replaced 
in minutes, with pump in 
process line, by simply re- 
moving face bolts and face 
plate, slipping old liner out, 
new one in (5). 


- Discharge | Price Complete 
Pressure | Teflon Housing 
Range Kel-F Liner 


0-40 psi 


0-30 psi 


0-25 psi 


The EMIL, GREINER 


20-26 N. MOORE ST., DEPT. 222, NEW YORK 13, N. Y. 
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NANCE! 


QUINOL-H,S CLATHRATE COMPOUND 


TESTED 
DEMONSTRATION 


CA Chem 


Submitted by: Thomas F. Edwards, University High School, Normal, Illinois 
Checked by: Kenneth Long, Lakeshore High School, Stevensville, Michigan 


PREPARATION 

Obtain quinol (also known as hydroquinone, hydro- 
quinol, 1,4-benzenediol, and p-hydroxybenzene), a 
source of hydrogen sulfide gas, and an ice-salt bath. 
S:turate about 100 ml. of distilled water with the quinol 
at 30°C. Bubble H.S through the solution until sat- 
urated with the gas also. Chill the solution in the ice- 
salt bath. Small white crystals of the clathrate com- 
pound will come down. Filter the crystals out and wash 
with ice water. Air dry the crystals. 


DEMONSTRATION 


Show the dry crystals and let the students smell them 
(they are odorless). Place a small amount in distilled 
water; the odor of H.S is apparent. Heating the 
crystals to the melting point will have the same effect of 
releasing the H.S. If wet lead acetate paper or paper 
with cadmium ions on it is held in the vapors of the 
melted quinol, a positive test for the sulfide ion will be 
observed. Alternately, a small amount of the clathrate 


may be wet with solutions of lead, cadmium, copper(II) 
or silver compounds and the colored sulfides observed. 
The quinol may be recovered and shown to be pure by 
checking its melting point. , 


REMARKS 


The compound is quite easy to prepare, but there is 
almost certain to be some unchanged quinol mixed with 
the clathrate. However, this does not interfere with 
the above demonstrations. Other clathrate compounds 
of quinol and sulfur dioxide, methanol, formic acid, hy- 
drogen chloride, hydrogen bromide, and the larger inert 
gases may be prepared. See the reference below for the 
preparations of these compounds. 


SOURCE 


PaLIn AND Powe LL, Structures of Molecular 
Compounds, Part VI: The B-Type Clathrate Com- 
pounds of Quinol,”’ J. Chem. Sot. (London), 1948, p. 817. 


Journal of Chemical Education October, 10658 


CHEMICAL MILLING OF ALUMINUM 


PREPARATION 


Secure several strips of aluminum, 4 cm. long and 1 
em. wide. With a micrometer, measure the thickness 
of the strips as accurately as possible. With an analyti- 
cal balance, weigh the strips as accurately as possible. 


DEMONSTRATION 


Immerse the strips in a bath of sodium hydroxide of 
known concentration (six normal works well). After 
fifteen or twenty minutes, there will be definite evidence 
of milling. Measure the thickness of the aluminum to 
determine the amount of milling. Re-weigh. 


A Gh ki vesvse 
ell DEMONSTRATION 
Submitted by: Kenneth Long, Lakeshore High School, Stevensville, Michigan 

Checked by: D. A. Dreisbach, Hiram College, Hiram, Ohio 


REMARKS 


The degree of milling is directly proportional to the 
time and to the concentration of sodium hydroxide. If 
the change in thickness is plotted against time, a linear 
relationship results. It would be interesting to try 
other concentrations of sodium hydroxide and plot 
amount of milling against concentration. It is also 
interesting to calculate the rate of milling in grams/- 
cm?. /minute. 


SOURCE 


Idea obtained from tour of Martin Aviation Com- 
pany, Denver, Colorado. 


Journal of Chemical Education + October, 1058 
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Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 


arable, and self contained units; viz., control panel assem- 
bly, amplifier and power supply chassis, and chart and pen 
drive chassis unit. 

Automatic null balancing potentiometric system with 
standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury cells. 
Use of the latter obviates need for standardization over very 
long periods. 

Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 
Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 
Chart Drive: Forward drive recording, reverse drive re- 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


@ MULTI-RANGE—40 ranges. 


©@ MULTI-SPEED—9 standard chart speeds with 
provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 
measurement of voltage or current or any 
éther variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of %3, %, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for automatic synchro- 
nization of external devices with recording. 


Pen Speed: 1 second full scale. Other speeds can be 
provided on special order with change of motors. 


Bridge: Special Sargent specification. Provision for coupled 
transmitting potentiometer for output to integrating cir- 
cuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 214 inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

$-72150 RECORDER — Potentiometric, Sargent Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; one S-72176 wet ink pen, input 
cable assembly; synchronous switch cable assembly; plastic 
dust cover; spare ring for take-up mechanism; spare pen 
drive cable assembly; and fuses. For operation from 115 
volt, A.C. single phase, 60 cycle circuits......... $1725.00 


SA je CS E— N a: SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. « DALLAS 35, TEXAS ¢ BIRMINGHAM 4, ALA. ¢ SPRINGFIELD, N. J- 
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... laboratory glassware tha 


New Kmmax “hard” glass apparatus offers 
exceptional resistance to heat shock, 
mechanical shock and chemical attack. 
And it’s easy to repair and modify . . . 
can be sealed to your present borosili- 
cate apparatus. 


24005 EXTRACTION APPARATUS. Condenser 
jackets and exterior bodies are made of 
heavy, uniform tubing for greater strength. 
In new design vapor by-pass channel pro- 
tects siphon tube. Interchangeable with 
other makes. In 80, 38, 50mm sizes. 


25055 BOILING FLASK. Made to withstand 
severe thermal shock. Finely ground joints 
provide vapor-tight fit when used with ex- 
traction apparatus. Flat bottom adds sta- 


bility. In 125, 250, and 500 ml capacities. 
16040 CONNECTING BULB. Lower tube fits 
special Kjeldahl stopper. Inside tips de- 
signed for unrestricted counterflow of liq- 
uids and vapors. Glazed tips and uniform 
tubing provide extra strength. Two bulb 
sizes, 45 and 55mm. 


26505 ERLENMEYER FLASK. First to be made 
available with screw-cap finish. Useful for 
mixing and storing culture media and for 
many chemical purposes. Supplied with 
caps. Available in 125, 250, 500, and 1000 
ml capacities. 

29048 SEPARATORY FUNNEL. Large neck 
openings and sloping shoulders permit easy 
cleaning. Stems are sized to permit liquid 
column to break and drain after shut-off. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


t shrugs off heat shock and chemical attack 


Stopper hand-lapped to neck for leak- 
proof fit. In 60, 125, 250, 500, 1000 ml 
capacities. 

27400 KJELDAHL FLASK. Necks tooled to in- 
sure accurate stopper fit. Reinforcing beads 
at top and uniform walls minimize breakage. 
Chemical resistance of KG-33 glass greatly 
reduces etching. Seven sizes, from 10 ml 
capacity to 800 ml. 


Krmax enables Kimble to offer greater 
savings because of its more complete 
line. Ask your dealer about quantity dis- 
counts. Kimble Glass Company, your 
most complete source of laboratory glass- 
ware, is a subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE O WENS -ILLIN OIS 


AN @ PRODUCT 
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Alcoa's fascinating 
new teaching aids tell 
story of aluminum production 


Write for them ... they’re free 

Integrated 15 x 21-in charts plus kit of exhibits tell 
complex story of aluminum production in simple, stimu- 

lating fashion. Available one to a high school for use M a C T AN i C AL 4 AN D 
in chemistry classes. Supplement these materials with 
booklets and with showings of Alcoa motion pictures Apparatus Clamp 


described in free catalog. Write ALUMINUM COMPANY 
OF AmeRICA, 803-K Alcoa Building, Pittsburgh 19, Pa. 


An apparatus clamp that always provides convenience 
and positive grasping power. ONE STYLE and 2 
SIZES meet every clamping requirement. The NYLAB 
Mechanical Hand can firmly grasp, with equal effi- 
ciency, any object from a thin wire to @ condenser or 
flask, Adapts to and holds all conventional shapes. 


The most versatile laboratory clamp yet designed! 


Your Guide to the Best 
in Aluminum Value 


Aluminum Company of America of 


803-K Alcoa Bldg. Bird's-eye-view showing the exclusive swivel feature of 
Pittsburgh 19, Pa. Mechanical Hand .... A new type of V-Block mounting 
provides complete angular adjustability . . . . Flip-over 

clamping arm (one side for small objects—the other side 
C] Please send new Alcoa® Aluminum teaching kit. for large objects) adjusts for apparatus up to 3%” 
maximum diameter. 


C] Also send free catalog of motion pictures and booklets. Constructed of a strong, corrosion resistant aluminum alloy 
with small parts of stainless steel. 


Small size large size 

's name. Range: 0 to 24%,” Range: 0 to 34%,” 
Catalog No. 22990-6 Catalog No. 22990-10 
$4.25 $4.75 


High school 


Street addr 


Write for further detailed information. 
Post office and state. 


New | York Laboratory Supply Co., Inc. 


76- 78 VARICK STREET NEW YORK 13,N 
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Analytical Filter Pap ors 
Quick Reference Cotalg 


Ash-Free, Extra rapid. Hi 
hydrosides such ivon and Fot use in the Sitration of 
Precipitates from sodium 
5% 


Rapid filtering. Soft loose texture. 
Ppts. Standard grade in the laboratories Intended for rapid filtration of coarse end gelatinous 
extremely low ech content of the paper ase industries 


Diameter, em. ? " 
Ash per circle 
Ash-F, Thick. 
Gites Retentive. This highly absorbent paper provides increased retention without lows of 
Diameter, cm, 5% ? 

12% 
Ash per circle | 


CARL SCHLEICHER & SCHUELL Co. 


FILTER PAPER DATA FOR QUICK REFERENCE _ Carl Schleicher & Schuell Co 


_ Valuable. up-to-date SaS Quick Reference Catalog =. Keene, New Hampshire, Dept. JC-108 
gives filter paper data at a glance. Eight color pages. 


Sections on filter paper: Ash Free (less than <4 - — 
0.007% ash); Qualitative; Hardened and 


High Wet Strength; Folded; Miscellaneous and Filtration “4 (Company) 


Specialties. Description of each paper, uses, 6 cxairen) 
circle diameters, sheet sizes. INCLUDES HANDY * 


FILTRATION CHART showing retention values. (Sate) 
Send for your SaS Quick Reference Catalog now 1d [CD Also send S&S Analytical Filter Paper Sampler 
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BAROMETER—Mercurial, U. S. Weather Bureau 
Professional Type. The mercury reservoir is con- 
structed on the Fortin principle and closely follows 
the design of the U. S. Weather Bureau pattern; it 
is recommended for educational, industrial and weather 
bureau use. 


mercuri al cia} The mercury level can easily be seen through a 
> all plane glass window in the cistern. This level can be 
adjusted by turning the thumb screw on the face of 
Ly t the reservoir. This thumb screw moves a disc which 
'@ | rome er eee controls a leather diaphragm, thus zeroing the mer- 
cury level to the exact tip of a white plastic pointer 
permanently set into the roof of the mercury reservoir. 
The index for reading the height of the mercury column 
is attached to the vernier and prevents the usual error 
of parallax. The index may be accurately and easily 

set by the special friction type vernier adjustment. 
The barometer has English and Metric scales read- 


Ie ah ing from 25 to 31 inches and from 64 to 79 cm.; it is 

h suitable for use from sea level to approximately 3000 

4 feet. The scales and verniers are lineal engine divided 

CORPORATION ay pte a on brass and heavily nickel-plated. The bright nickel, 

, a at corrosion resisting surface of the scale plate behind the 

P.O. Box 63 Ann Arbor, Michigan ee Bland a barometer tube facilitates the reading of the meniscus; 
bee readings can be made on both English and Metric 

sides of the scale to 1/100 inch and 1/100 cm. respec- 
tively. A standard grade thermometer is attached 
which reads in degrees Fahrenheit and Centigrade. 
Base of barometer is a formed aluminum panel finished 
with instrument black wrinkle. A guard, similarly 
finished, press the barometer tube between the 


Aloe-Narda Ultrasonic 
Cleaning Equipment is 
Fast / Low Cost / Efficient 


The right generator plus the proper transducerized tank 
furnishes the ideal ultrasonic system for cleaning almost any- 
thing you can think of . . . Glassware, hot lab apparatus, medical 
instruments, electronic components, optical and technical mech- 
anisms . . . and so on. Whatever the problem, these ultrasonic 
systems can be the answer to doing it faster, cheaper, and more 
efficiently. 

Operation is simple and easy. Just plug into any 115V, 60 
cycle outlet. Fill the tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning economies are yours. 
Excellent for other purposes too — like brightening, polishing, 
decontaminating, pickling, deburring, plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


aloe scientific pivision of 4. s. COMPANY 


5655 Kingsbury e St. Louis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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WHY STOCK MANY TYPES OF FILTER PAPER WHEN 2 DO THE JOB! 


he 


Now/ Just 2 Bé&A Filter Papers 
serve your laboratory needs/ 


No need to stock five to ten grades 
and types of laboratory filter paper! 
Now just two B&A grades will serve 
most of your needs! 


Simpler, More Convenient 


These two filter papers, developed 
by Baker & Adamson—America’s 
foremost producer of laboratory re- 
agents and “CP” acids—meet almost 
every quantitative filtering problem: 


Quantitative, Grade “A” is a high 
retention yet unusually fast filter 
paper specially suited for trouble- 
some precipitates such as Barium 
Sulfate and Metastannic Acid. 


Quantitative, Grade “O”’—even 
faster than Grade “A”—is an excel- 
lent all-purpose paper especially for 
the analyst who requires both high 
retention and extra-fast filtering 
action. 


Highest Quality 


Both grades are distinguished by 
high wet strength, uniform weight 
and thickness, and high purity. Ex- 
ceptionally low ash content is as- 
sured by double-acid washing with 
B&A reagent A.C.S, acids. 

Try these two B&A filter papers 
in your laboratory, for your quanti- 
tative testing and analysis. See how 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N.Y. 
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they can replace most grades of or- 
dinary filter paper. Just clip and 
mail the coupon for a free sample kit 
of B&A filter papers. 

Baker & Adamson also offers 
quantitative filter paper clippings 
and filter paper pulp. 

Mail coupon 
for free samples! 


Baker & Adamson® Products 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL CORPORATION 
40 Rector Street, New York 6, N.Y. 
Please send free sample kit of 
B&A filter papers. 


ie 
3; 
q 
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3 important ‘Baker Analyzed’ <égenzz} 


WHEN YOU ANALYZE FOR SULFATE in petroleum products, in rubber 
compounds, in water or industrial wastes—or any production or process 
in which sulfate is critical—use the ‘Baker Analyzed’ Reagent best 
suited to your method of choice. 

When you require the turbidimetric and gravimetric procedures involv- 
ing the formation of barium sulfate: ‘Baker Analyzed’ BARIUM CHLORIDE 
20-30 Mesh offers you the advantage of appropriate mesh size and 
high defined purity. Low blank values are assured by a maximum 
specification for Insoluble Matter of 0.005% and for Heavy Metals 
(as Pb) of 0.0005%. 

When you need a rapid, sensitive photometric method for determining 
micro amounts of sulfate: ‘Baker Analyzed’ BARIUM CHLORANILATE 
permits a determination of sulfate with less than 1% error and in the 
range 2-400 ppm. The reaction of solid barium chloranilate with sulfate 
in alcohol solution liberates the deep purple acid-chloranilate ion. The 
concentration can be determined by photometric measurement of the 
broad band at 538 millimicrons. 

When you prefer a rapid titrimetric method: ‘Baker Analyzed’ THORIN 
(Disodium 1-(0-arsonophenylazo) -2-naphthol-3,6-disulfonate) serves as 
an adsorption indicator in the titration of sulfate with barium chloride 
or barium perchlorate as titrant. 

Actual Lot Analysis, Actual Lot Assay. No matter what your industry 
or your determination, J. T. Baker offers you a wide choice of reagents 
with the most informative labeling and highest standards of purity in 
the industry. The Actual Lot Analysis appears on every ‘Baker Analyzed’ 
label. Impurities are defined to the decimal, not just as maximum limits. 
The Actual Lot Assay (not merely a range assay) appears on more 
than 300 items. You have an instant check on the accuracy of your 
own calculations. 

IMPORTANT! ‘Baker Analyzed’ Reagents are available from 90 points 
of service in the United States and Canada—leading laboratory supply 
houses chosen for their excellence of service and convenience of location. 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 


sail 
< 
PETROLEUM 
INDUSTRY 


From well to refinery the 
analytical control of operations 
is essential, 


F possible rapid and economical: - 
determinations in the petroleum . 
industry as well as in many * 
industries, 


Analyze 
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z4 to help you quickly and accurately 


Sulf ate 


dg 
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: 
Sulfr in rubber products and compounding 
mafesjals ig often determined as sulfate. 
‘Baker Andlyzed’ Barium Chloride, 20-30 Mesh, 
is reeommended as suitable for the turbidimetric alia 
determination of sulfaghadter the Parr.bomh 


oxidation of sulfur. 


DO YOU HAVE A PROBLEM IN 
LABORATORY SUPPLY?...call your LSR! 
Your LSR (Laboratory Supply Representative) 

is an expert in all matters of laboratory supply. 
Call him when you need chemicals, glassware or 
equipment. Call him when you need a shipment 
extra fast. Call him for accurate information about 
any of the thousands of items in his catalogues. 


Your LSR’s aim is always to oo ae your supply 
problems. Let his training, knowledge and experience 
save you time and make your job easier. Get to 
know him better! 
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‘“‘Thermotainers’”’ are seamless stainless 
steel tanks covered with 11/2” foam insu 
tion with exceptionally low K factor «nd 
protected by highly polished, high refiec- 
tive stainless steel jackets. Five sizes; 
1, 2, 4, 6, and 8 quart capacities are av iil- 
able. Insulated cork covers are also s ip. 
plied. 

For additional data, write to Lab! ne, 
Inc., 3070-82 W. Grand Ave., Chicago 22, 
Illinois. 


p> A new control device developed by In- 


When writing for additional information about new struments for Research & Industry is now 
products or for new literature, your inquiry will receive available for use by laboratory scientists. 
prompt attention if you write on your firm or Institu- It consists of a compact unit which ca. be 
tion letterhead and mention the Journal of Chemical used with laboratory thermometers, ina- 
Education and the date of the particular issue. nometers, and barometers and is able to 
Pamphlets, booklets and similar literature are gratis sense the level of the mercury inside the 
unless otherwise specified. glass tubing. Therm-O-Watch employs a 
miniature electronic oscillator which clips 
directly onto the thermometer or ma- 
nometer. The amplifier is attached to the 
oscillator by means of a four-foot shielded 
cable. . Thus the amplifier may be readily 
placed wherever convenience dictates. 
More information may be had from In- 
struments for Research & Industry, 108 
Franklin, Cheltenham, Pennsylvania. 


NEW APPARATUS AND EQUIPMENT able from Labline, Inc., 3070-82 W. Grand 

Ave., Chicago 22, Illinois. ‘‘Thermo- 
> New safety containers for liquid gases, tainers’”’ eliminate the hazards and in- 
liquid dry ice mixtures, liquid ice mixtures, convenience of small mouth glass Dewar 
and cold junction calibrations, are avail- flasks and are safer and easier to work with. 


p> Small Reaction Flasks have been added 
to the Bantam-ware line of small organic 
glass apparatus made by Kontes Glass Co. 

Top and bottom flask sections are inter- 
changeable and can be separated. One top 
section can serve as a common component 
for six different flask assemblies in the 
range of 50 ml. to 500 ml. capacity. A 
two-inch inside diameter at the flange 
facilitates the charging and emptying of 
small quantities of viscous materials. 
oe Since inside surfaces are easily accessible 
ye for cleaning purposes, Bantam-ware Rear- 
tion Flasks are ideal for all small scale 


The re Is awe rie of difference preparations which leave hard to remove 


residues. 
LABOR ATOR Y TOD AY The interface has a fine, flat precision 
grind which when properly lubricated is 
suitable for vacuum applications. Sec- 
It’s wise to keep this in mind when you buy or specify lab tions are assembled and supported with a 
sinks. You don’t have to settle for sinks that are drab and cast aluminum flask clamp. Standard 
unattractive. “U.S.” Chemical Porcelain Sinks — with their heating mantles will accommodate all 
smooth, lustrous, easy-to-clean gray porcelain glaze — are Now Dube 
as different as day and night from the dull, rough, salt- ‘aud prices 
glazed sink of a decade or so ago. Reaction Flask assemblies and acces- 
sories. Write Kontes Glass Co., Dept. 
Made of solid, non-porous, corrosion-resistant chemical P-126, Vineland, New Jersey. 
porcelain throughout, modern “U.S.” Laboratory Sinks are Seg 
unsurpassed for efficiency and durability. Their hard, > Eberbach Corp. of Ann Arbor, Michi- 
smooth-glazed finish assures a lifetime of beauty. They are gan announces its Model 58 Power-Sti 
mechanically strong and rugged. Will withstand any heat ™ 4 
shock ordinarily encountered. Cast in sturdy, one-piece con- msanceeh 4 fit tight seed (2) ort gear 
struction with smoothly rounded corners, there are no head (no lubricant loss) (3) univers: ! sup- 
seams or joints to collect deposits. Completely non-absorbent, port rod, (4) 3-wire cord, (5) two chucks on 
non-staining, these sinks never require honing or scouring. Hollow Spindle. Advantages of variable 


They are as easy to clean as a porcelain dish. speed, high torque, and low price are re- 
tained in the 1/1) h.p. Model 58 Power- 
Stir which is qualified for intermittent 


Check with i 
eck with your Laboratory Furniture Dealer. He has heavy duty. Request Bulletin 270 


details on a wide range of standard types and sizes. 
Or write direct for Catalog L-8. > Combining a titanium marking stylus 
in an anodized-aluminum holder, the 0%- 
ford Glascriber permits chemical an¢ heat- 
resistant marking on all types of glass, 

CHEMICAL quartz, and ceramic surfaces. The layer 
CERAMICS | - of titanium deposited by the Gla-criber 
DIVISION | does not penetrate nor weaken the sur 

face. Titanium metal is impervious 
solvents, heat, steam, and essenti:|ly al! 
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laboratory and industrial processes. Glas- 
crier markings preserft a sharp, highly re- 
flective metallic surface, making them very 
eas toread. The titanium marks may be 
ren.oved by brief immersion in hot hydro- 
chlorie acid. The Glascriber is available 
froin laboratory supply dealers in all major 
cities. 


p solve pH problems in seconds. Titra- 
tio curves of weak acids and bases are 
usu:illy calculated from the Henderson- 
Hasselbach equation. An accurate curve 
requires 8 or 10 points. The computation 
involves use of logarithm tables and is time 
consuming. By making a linear trans- 
formation of the equation these curves 
have been transferred to a simple slide 
rule. By this means any pH calculation 
involving ordinary acids and bases can 
be solved instantaneously. Dr. Norman 
Joseph, University of Illinois, College of 
Pharmacy, Department of Chemistry 
designed a pH Calculator slide rule as a 
teaching aid that has found universal use 
in laboratories. The rapid and accurate 
calculations require a table of pK values. 
These values depend on the acid or base in 
the particular problem. A table contain- 
ing a large number of representative pK 
values is supplied together with complete 
instructions with every pH Calculator. 
Distributed through Schaar and Company, 
7300 W. Montrose, Chicago 34, Illinois. 
Additional information furnished upon 
request. 


> The Weisz Ring Oven, now manu- 
factured in the U. 8. A. by National Ap- 
pliance Co. is entirely new and its tech- 
nique provides a simple means of: separat- 
ing and identifying as many as 16 cations 
from a 1.5 microliter drop in 30 minutes; 
separating unprecipitated ions from a pre- 
cipitated spot without enlarging the spot; 
subdividing a drop without dilution; 
concentrating whereby a tenfold improve- 
ment of identification is obtained. 


Unlimited uses have been found for the 
oven in the fields of steel analysis, art in- 
vestig..tion, paint analysis, rubber analysis 
autordiography, polarography, corrosion 
inves igations, and innumerable other 
fields. 

Adcitional information may be had by 
writing National Appliance Co., 7634 S. 
W. Capitol Highway, Portland, Oregon. 


> Bausch & Lomb Optical Co. announces 
(Continued on page A493) 


VOLUME 35, NO. 10, OCTOBER, 1958 


Glass tubing bottles, or jars up to 3 inches in 
>diameter can be cut neatly and quickly with this 
Pcutter. Soft glass, Pyrex-Brand Glass, or other 
}hard-glass tubes can be cut with equal ease. The 
particle is first encircled with a scatch made by a 
P cutter wheel conveniently mounted on the side of the 
\transformer, the scratch is heated by contact with 
>the hot wire, and then cooled quickly by applying 
P water or by blowing on it. No other equipment is 
required. 

> The cutting wire is supported on two insulated 
’ posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
)nichrome wire is used and is easily replaced. Three 
Pextra wires are included. By means of an adjust- 
‘ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
Pof glass may be used. An instruction plate is 
smounted near this control. The unit operates on 
}115 volts, 50 or 60 cycle A.C. Over-all dimensions 
Pare 6 x 4!/2 x 9 inches high. 


Each, $29.50 


ESTABLISHED 1880 


A Complete Glass Cutting Unit 
Welch WOT-WIRE GLASS-TUBING CUTTER 


NEAT, QUICK, CLEAN, STRAIGHT BREAKS 


@ Cuts Pyrex-Brand Glass or soft Glass—Adjustable heating current 
@ Step by step instructions on top 
@ Wire is readily replaceable, extra wires included 


No. 5210 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois U.S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


phorus, Selenium, Silicon or Sulfur . . 
organic materials. 


Ask your Parr Dealer 
for details, or write 


direct for specifica- 


Type 


Macro 
Macro 
Semi-Micro 


EST. 1899 © MAKERS OF CALORIMETERS AND 


Bomb Moximum Total 
Bomb i : Combustible Matter ator 


‘Pay Sodium Peroxide 


Combustion Bombs 


© A Size for Every 
Laboratory Need 


For rapid combustion reactions with sodium peroxide to deter- 
mine: Arsenic, Boron, Bromine, Chlorine, Fluorine, lodine, Phos- 


. in coke, organic com- 


pounds, petroleum and petroleum products, rubber and other 


Sodium 
Peroxide 


Acceler- 


PRESSURE REACTION EQUIPMENT 


| 2 
! 
— 
gram 
42 1.3 2.0 30 
22 0.50 1.0 15 
tions and prices. 8 - 9.20 02 40 
Micro 2.5 0.085 0.1 15 


offers 


yo T | r Last year Du Pont invested $%0 million 


in research (excluding laboratory con- 
struction and technical assistance to 
sales and production). This faith in 
gor aduates research has been growing constantly 
throughout the history of the Company, 
and it offers research opportunities to 


m a n your graduates which can be found in 
y few other companies. 
Here are a few examples from the 
h past. At the beginning of World War 
r esear Cc I the United States was left without a 
source of dyes. Starting almost from 
scratch, Du Pont invested $43 million 
Oop portunitie S$ —much of it in research—over a period 
of 18 years before earnings from the 
new dyes and related chemicals offset 
accumulated operating losses. 


Du Pont began nylon research in 
1927. A research investment of $27 
million and an investment in time of 
13 years were spent before the Com- 
pany got the fiber into large-scale com- 
mercial production. 


The story was repeated with “Orlon” 
acrylic fiber. The first pound cost $25 
million and took eight years to produce. 


It takes time and money to undertake 
these extensive research programs. But, 
more importantly, it takes good men. 


Your graduates will find themse!ves 
in a stimulating atmosphere at Du Pont 
with time to think, encouragement to 
contribute ideas and the necessary fa- 
cilities to produce. 


WATCH THE 
DUPONT “SHOW OF THE MONTH” 
ON TELEVISION 
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production of a new line of Dynoptic mi- 
croscopes equipped with Triocular Bodies. 
In addition to the visual comfort pro- 
vided by inclined binocular eyepieces, the 
new Triocular microscope combines a 
monocular tube for camera attachment 
which allows convenient photomicrog- 
raphy or simultaneous visual observation 
by «second person. For further informa- 
tion, contact Scientific Instrument Di- 
vision, Bausch & Lomb Optical Co., 635 St. 
Paul St., Rochester 2, New York. 


p The Nalge-Axelrod Melting Point Ap- 
paratus has been completely redesigned 
for greater ease of operation and conven- 
ience. This instrument was especially 
designed for single crystal melting point 
determinations, although it may be used 


for powders and waxes as well. It con- 
sists of a 25-power microscope with B & L 
optics, polaroid elements for use with ani- 
sotropic crystals, a heating block, light 
source, powerstat, and thermometer. 
Complete information may be obtained 
from The Nalge Co., Inc., P. O. Box 365, 
Rochester 2, New York. 


> A compact new Hagan Line-Operated 
pH Meter, ideal for fast continuous service 
over a wide range of field and laboratory 
applications, is now available from Hagan 
Chemicals & Controls, Inc., Pittsburgh. 
The electronic unit measures just 5'/. X 
6'/, X 2 inches, and is ideal for accurate 
determination of pH in raw, untreated, 
treated, potable, cooling and waste wa- 
ters, boiler condensates and feed waters, 
and oil field blends and brines. 

An auxiliary pointer permits convenient 
checking of standardization without need 
of buffer solutions between measurements. 
Three minutes after being plugged into a 
regular 100-125 volt, 50-60 cycle A.-C. 
circilit, the meter is ready for operation. 
Unlike simple colorimetric indicators, the 
meter covers a broad range of pH with 
high sensitivity. Color, turbidity, or 
chlorine in test samples will not affect 
readings, 

For complete information, write Dept. 
410. Hagan Chemicals & Controls, Inc., 
Bo. 1346, Pittsburgh 30, Pennsylvania. 


> .\ new polyethylene titration base, adap- 
tabi to all sizes of standard ring stands, 
has been recently developed by American 
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Agile Corp., 5461 Dunham Road, Maple 
Heights, Ohio. An important advantage 
of this new titration base is its portability, 
which allows it to be used in conjunction 
with any existing ring stand, and also pro- 
vides for maximum ease of cleaning. The 
polyethylene base is large enough in sur- 
face working area to provide ample space 
for beakers, titration indicators, and other 
accessory equipment. It is provided with 
a lip around the entire top surface of the 
tray, to prevent spillage and pigmented 
white to furnish a background conducive to 
maximum ease of endpoint determination. 


> Chemical analysis laboratories are high- 
potential fire hazards, since flammable 
liquids and gases are often present. Even 


though every safeguard has been taken 
this chemical analysis work area is still 
vulnerable. Careful use of Bunsen burn- 
ers and hot plates are standard precau- 
tions, but guarding against the unexpected 
is a compact low cost automatic dry chem- 
ical fire extinguisher. If fire should occur, 
a fusible metal link melts and actuates the 
extinguisher, flooding the interior of the 
cubicle with 30 pounds of dry chemical. 
This is one of Ansul Chemical Company's 
newest extinguishers for on-the-spot haz- 
ard protection. 


p> A new and smaller Dura-Vac plastic 
desiccator is now available from the 


(Continued on page A495) 


Knob-controlled fraction loading com- 
bined with durability, ease of use, speed 
and an accuracy of 1/100,000 of capacity 
have made the Reyers-Progress Balance a 
first choice in many schools and colleges. 

Fractions of a gram are added or sub- 
tracted by turning the knob at the center 
of the base. The indicator, moving up or 
down the index, clearly and instantly 
shows the value of the weight added. The 
accuracy of the Reyers-Progress makes it 
ideal for gravimetric analysis and the prep- 
aration of solutions for volumetric analysis. 

In addition to wide use in high schools 
and colleges, industry and research are 
finding the accuracy, ease of use, durability 
and low cost of Reyers-Progress Balances 
valuable assets in their laboratories. 


REYERS-PROGRESS BALANCES are fast and easy to use 


Knob-controlled fraction loader * Accurate to 1/100,000 of capacity ¢ Lower Cost than mest analytical balances 


Some of the outstanding features of this 

Balance are : 

1) Case design allows access to pans 
from the front or sides. 

2) 250 mm long index is graduated from 
0 to 1000 mg in 5 mg subdivisions. 

3) Beautiful mahogany case has chemi- 
cal-resisting Formica base. 

4) Counterpoised U-shaped clear plastic 
door. 

5) Fractions of a gram are added or 
removed by simply turning knob. 

Dimensions: Total Height—16", Length of 
Base —13%"; Width of Base-7'%". 

When Ordering, please use this 

Catalog Number: CE12-47. 

Capacity, grams 50 100 200 

Sensitivity,mg 0.5 1.0 2.0 

Price, each $158.50 $158.50 $158.50 


LABORATORY SUPPLIES - EQUIPMENT + 


ARTHUR S.LaPINE and COMPANY 
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Are you wasting your own precious time and 
that of your students by having them weigh 


on completely obsolete equipment? 


Thousands of modern high-speed substitution 
balances made by METTLER are in use today in 


research and industrial laboratories. 


The new METTLER multi-purpose balance, type 
H-5, gives you the opportunity to let the students 
learn on the tool they will use later on. Fewer 
units of the compact H-5 balance will do the work 
for you, for two good reasons. It takes very little 
time to learn how to weigh properly on this bal- 


ance and the weighing time itself is cut drastically. 


Write to us today for full informa- 
tion on the new H-5 balance. Bet- 
ter yet, ask us to arrange for dem- 
onstration and trial of this balance. 


TYPE 


H-5 


MULTI-PURPOSE 
BALANCE 


INSTRUMENT CORPORATIO 
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DRIVING A MODERN AUTOMOBILE 
BUT_ How ABOUT YOUR STUDENT BALANCES? 

Mettler _ 
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m:nufacturers, Ace Glass, Inc., Vineland, 
New Jersey. The new “Standard’’ Dura- 
Vac is 7!/2’’ high, having an inside diame- 
ter of 63/s’’ with a flange */,’’ wide. It 
holds approximately a half-pound of Drier- 
ite or similar material with ample space for 
air circulation. According to the manu- 
facturer, this new type of desiccator is 
lightweight, strong, and ideal for student 
use. Prices and additional data may be 
had by writing Ace Glass, Inc., Vineland, 
New Jersey. 


p» Hevi-Duty Electrie Co. recently an- 
nounced its new ‘Cire-O-Therm’”’ oven, 
temperatures to 250°C. (482F.). The 
revolutionary “circle of heat’? design as- 
sures uniform heat throughout the working 
chamber with no cold corners and no hot 
spots. Strategically located heaters, fas- 
tened to the outside of the aluminum inner 
shell, conduct heat to the aluminum inner 
surface providing fast heat-up as well as 
improved uniformity. Round design also 
increases the natural circulation of air. 


The “Cire-O-Therm”’ oven operates on 
either 115 or 230 volts a.c. A power selec- 
tor switch located on the front instrument 
panel permits high or low input to the heat- 
ing elements. ‘Temperature is controlled 
by a sensitive bulb type thermostat, op- 
erated by a knob on the control panel. 
A pilot light, also front mounted indicates 
when the power is on. For further in- 
formation, write Hevi-Duty Electric Co., 
Milwaukee 1, Wisconsin, for Bulletin 458. 


NEW LITERATURE 


@Three new nuclear instrumentation 
bulletins technically describing Detectolab 
products manufactured by BJ Electronics, 
Borg-Warner Corp., 3300 Newport Blvd., 
Santa Ana, are available from the Cali- 
fornia firm. Model DZ41 Gamma Ray 
Spec!rometer, Model DZ15 Single-Channel 
Pulss Height Analyzer and Model DZ4 
Fast-Slow Coincidence Circuit bulletins 
contin instrument descriptions, applica- 
tion information and performance specifi- 
cations. 


@ Luboratory Flowrator Kit consisting of 
three all-glass variable-area flowmeters 
with rubber hose connectors mounted in a 
lightweight carrying case is described in 
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1958-59 
Matheson 
Gas Catalog 
Now Ready.. 


New Radioactive Gases 
New Accessories 
New Data 


Important Reference Manual for Laboratories 
and all users of Chemical Gases. 


Prices and data on 80 Compressed Gases and Gas Mixtures, 
available in 5 cylinder sizes. Complete line of Precision 
Regulators, Controls, Flowmeters, Accessories, tailored 
to individual gas usage. Write for your free copy today. 


The Mathes Company, Inc. 
East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


Model #117 
list price $80.00 


steal. pune 9" 
CAivenient fare plus 2 ox. and 16 ex. tere 
ste agate bering. 


for complete 
taformatto nWRITE 
for FREE Sulletin: 


RCE AVE. 
UNION, NEW JERSEY 


°™Presseg 
Gases 
| j 
| 
| 
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MOST 

EXACTING LABORATORY 

SPECIFICATIONS 
ARE MET B @) 


VITREOSIL 


FUSED QUARTZ 


TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in all normal lengths and 
diameters. Useful up to 1000° C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transparent, 
free from chemical impurity—the trans- 
Parent grade offers the best ultra- 
violet transmission. 


CRUCIBLES © RETORTS ¢ MUFFLES 
DISHES e TANKS @ POTS e TRAYS 


Crucibles made of VITREOSIL, guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
tricai heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
sizes and types. Trays and other 
VITREOSIL ware in many sizes from 
eck. or prompt delivery of special 
sizes. 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 
GRADED SEALS 


Corrosion-resistant VITREOSIL equip- 
ment is impervious to all organic and 
inorganic chemicals even at very high 
temperatures, regardless of concentra- 
tions, except strong caustics and hy- 
drofluoric acid. Outstanding electrical 
and high temperature properties, 
strength, impermeability. In stock sizes 
for immediate shipment. Custom items 
to order. Write for our information 
bulletins and prices on wanted items. 

our ad in Chemical Engineering 


y THERMAL AMERICAN 
™ FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
Please send illustrated bulletin or informa- 


tion on. 


Name Title. 


Street 
f 
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new Specification Sheet 10A1027A-LK 
available free from Fischer & Porter Co., 
814 Jacksonville Rd., Hatboro, Pennsyl- 
vania. Kit provides convenient means of 
checking field or laboratory flows, ranging 
from 20.3 ec./min. to 6.6 g.p.m. for liquid 
and from 910 cc./min. to 27.0 ¢.f.m. for 
gas. 


@ A new 4-page, 4-color bulletin on A 
New Dimension in Paper Chromatography 
has been announced by Precision Scien- 
tific Co., 3737 W. Cortland, Chicago, 
Illinois. This bulletin shows how tests 
which formerly required hours—or even 
days—-are now made in 5 minutes; yet 
separations equal classical resolutions. 


@ A new catalogue featuring the latest de- 
velopments in micro and semimicro instru- 
ments and apparatus has been published 
by Micro-Ware, Inc., Vineland, New 
Jersey. The 24-page illustrated brochure 
lists a complete line of the precision prod- 
ucts, many of them not previously avail- 
able to the industry. It includes glass- 
ware, stirrers, clamps, thermometers, 
heaters, test tube supports, and many new 
developments in the field of microchemis- 
try. Copies of the new catalogue may be 
obtained by writing to Micro-Ware, Inc., 
Vineland, New Jersey. 


@ Kodak Chemical Preparations, a 
complete catalogue of Eastman Kodak Co. 
chemical preparations and basic photo- 
graphic chemicals, has been published by 
the company. The 12-page booklet offers 
professional, commercial, and advanced 
amateur photographers a reference source 
for chemical preparations and _ photo- 
graphic chemicals for color photography 
materials as well as for black-and-white 
films, plates, and paper. The book, 
which includes list prices of all products, 
covers the chemistry of color negative and 
reversal materials as well as developers, 
fixers, stop baths, toners, and many 
others. Kodak Chemical Preparations may 
be obtained free of charge from Eastman 
Kodak Co., Rochester, New York. 


@ Production of 38 new Carbon-14 labeled 
compounds is announced in the 1958 edi- 
tion of the Radiochemical Price List of 
C**-compounds regularly manufactured by 
Research Specialties Co., 2005 Hopkins 
St., Berkeley 7, California. The con- 
venient 9 X 4 inch size and uncomplicated 
format of previous editions is retained, 
and additional cross-referencing of names 
of compounds increases the ease of finding 
desired items. The company believes it 
now offers the largest listing of high purity 
C'4-labeled hydrocarbons, including its 
exclusive spectrograde Isooctane-C™. 


@ A new, enlarged edition of the Matheson 
Gas Catalogue is now being distributed by 
The Matheson Company, Inc., P. O. Box 
85, East Rutherford, New Jersey. Prices 
and data are included on 80 compressed 


(Continued on page A499) 


This is the 
“working” end... 

of an extraordinary 
new pH electrode 
that combines in a 
single unit the pre- 
cision, accuracy 
and ruggedness of 
and reference 4 
electrodes. 


And here’s a full 
length view... 


THE NEW BECKMAN 
COMBINATION 
ELECTRODE. 


The Combination 
Electrode offers un- 
beatable convenience. 
Several types are 
available now for a 
wide range of surface 
and solution meas- 
urements, titrations 
and redox determi- 


nations. They can be 
used with all Beck- 
man pH meters, 
including models G, 
GS and the Zeromati«*. 


“Trademark, 


COMBINATION ELECTRODES 
can be ordered for immediate delivery 
from 99 laboratory apparatus dealer 
locations in the United States and 
Canada. Call your dealer today. 
He'll be glad to serve you. Or writc 
us for Electrode Data File 1-49-36. 
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Setict Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 

—_ modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 

wd possible complete millivolt titrations without range changes over any 1400 mv span between + 1400 

and mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 

=f operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 

nae. | — ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 

gE «4 The Zeromatic is available for immediate delivery from 99 laboratory apparatus dealer locations in 

- 2 the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File L-48-36. 

vision * Trademark 

eckman 

Scientific and Process / Instruments Division 

4 é Beckman Instruments, Inc. wr] 

2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS - pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SATION SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 


: 


Always Specify PIONEER 
Labware For Finest Quali 


New ‘\Oelke Grinnell 
 POTENTIOMETER NEW! SAFETY 
REAGENT 


DISPENSER 


Lowest Price 
Top Quality 


FEATURES 
Rugged self contained standard cell will take the rough 
handling of inexperienced students. 
Toggle switch lets you check slide wire calibration in . * The Safe Way to Handle Acid 
seconds without resetting slide wire—a convenience : - * Unbreakable, All-Polyethylene 
found only on highest priced models. a * Instant, One-Hand Control 


Double range 0-1 and 1-2 volts gives far greater accuracy 4 : * Easy to Clean 
since each volt is measured on the entire slide wire. é. : *% Compact, Space-Saver Design 


* Fits Standard 5-Pint Bottle 


Direct reading on single dial to millivolts with estimation f 

of fousth doctmal place. This amazingly simple new Pioneer Reagent 

_ |e Dispenser solves just about every problem 

USES common to laboratory handling of reagents. 

Cl The simplified, one-hand operation provides 

pH ee eee, titrations positive-control stops flow when you 

d want it to. Contaminant-free delivery at 

voltmeters the rate of approximately 1000 
and ammeters, reading thermocouples, etc. minute. 


No. 34500 Oclke Grinnell Potentiometer a PRICE 
Each 3.75, Doz. @ 3.50, Case (36) @ 3.25 
No. 34600 Galvanometer, 0.4 microamps per mm, 
for use with Potentiometer or Through leading supply houses 
= Send for catalog of complete line. 
Order Direct— Write for Free Folder 
JC-10 


LABORATORY SUPPLIES AND CHEMICALS 


45235 W. DIVISION ST., CHICAGO 51, ILLINOIS 
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gass stocked by Matheson’s plants in 
Ea-t Rutherford, New Jersey, Joliet, 
[Illinois and Newark, California. Custom 
gas mixtures are also available from all 
M:theson plants. New gases including a 
line of radioactive gases, are listed in the 
new catalogue. Full specifications are 
giv-n on Matheson’s line of pressure regu- 
lators, new instrument type valves, and 
oth-r gas handling accessories. The Gas 
Caiclogue is available without cost from 
Matheson. 


@ J he September issue of Lab-ORATORY 
has just been released. Apparatus and 
equipment illustrated and described in this 
20-page issue include the new Hi Speed 
centrifugal chromatograph, Integrator for 
gas chromatograph recorder, Color ana- 
lyzer, Photomicrographic camera, Constant 
power supply, Glassware washer, Temper- 
ature controller and Interchangeable 
probes, Portable incubator and Refriger- 
ated bath, Micropipet and Needle valve 
burettes. The issue also features the in- 
genious new time-saving pH Calculator 
and Heat-by-the-yard that permits you to 
make heating tapes any length you re- 
quire. Copies available upon request. 
Write Dept. 98, Schaar and Co., 7300 W. 
Montrose Ave., Chicago 34, Illinois. 


@ The latest issue of the Aloe house organ, 
New and Recent Devices, is now available. 
It illustrates and describes a number of 
new items useful in most laboratories. 
Among the newer products are the Aloe- 
Narda Ultrasonic Systems and the Cor- 
inth Finger-Tip Fluid Dispenser. Copies 
of the publication may be had by writing 
Aloe Scientific, 5655 Kingsbury St., St. 
Louis 12, Missouri. 


MISCELLANY 


* A complete line of laboratory glassware 
manufactured by European producers is 
now available in the United States from 
Atkins Technical Inc., 709 Marion Bldg., 
Cleveland 15, Ohio. A catalogue de- 
scribing the various items is available. 


Standard Scientific Supply Corp., lead- 
ing distributors of laboratory instruments, 
apparatus, and chemicals, will sponsor for 
the first time, a scientific show. Fifty of 
America’s outstanding instrument and 
appuratus manufacturers and chemical 
producers will display their newest and 
latest products. Called the “Parade of 
Scientific Instruments’” for Education, 
Public Health, and Industry, the Standard 
Scientific display will be held in the Grand 
Ballroom of the Hotel New Yorker, 34th 
St. nd 8th Ave., New York City on No- 
vember 10, 11, and 12, 1958. A unique 
feat\ire will be a symposium and lectures 
by cminent scientists and technicians on 
mstrumentation and methods. The hours 
for ‘his unusual 3-day demonstration will 
be: 2 to 8 p.m., November 10—11 a.m. 
to! p.m., November 11—and 11 a.m. to 
7p.\., November 12. This exhibit will be 
open free to the scientific public. 
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FEATURES: 


Most Accurate Representation of 
Van der Waal’s and Co-vaient Radii 


Steric Hindrance and Atomic Weight 


.® 


Atoms Magnified 165,000,000 Times! 
*U. S. Patent Applied for 


BRONWILL 


THE GODFREY MOLECULAR MODEL KIT" 
FOR RESEARCH AND PROCESS CHEMISTS, TEACHERS AND STUDENTS 


Construct all existing organic forms... many inorganic forms... 
easily and quickly . . . and with less expense. First to realistically show 
the flexibility and compressibility of actual atoms using pliable PVC. 


Correct Presentation of Small Ring Compounds 
Clear Demonstration of Hydrogen Bonding, 


Easy Construction of Bicyclic Compounds The pliable PVC atoms are 
brought together using spe- 
cial polyethylene connectors, 
easily inserted to give posi- 
tive connection. Large mole- 
cules do not fall apart. No 
special tools required. 


\ , MODEL 40 GODFREY MOLECULAR MODEL KIT 


Complete in sturdy box with instruction manual, 
colorful atom i ct 

tained: Tetrahedral carbon 17, Trigonal carbon 
15, Digonal carbon 5, Hydrogen 32, Digonal oxy- 
gen 5, Carbonyl oxygen 5, Quaternary nitrogen 5, 
Nitrogen amine cap 5, Trigonal 
nitrogen 5, Chlorine 4, Digonal 


Separate Atoms of above 


Bronwill, Dept. JC, Box 127 Brighton Sta., Rochester 10, N. Y. 


Gentlemen: Please send descriptive color folder 


Scientific Division 


WILL CORPORATION 


| Address 


} 

a A Brand New Concept in Molecular Models 
> 
2 
ylene / 
. 
\ aw 
‘ 
SEND FOR DESCRIPTIVE COLOR FOLDER 
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MODEL RX-1_ 

Capacity: 120 gm ity: 2 kilo | ‘Capacity: 500 g 

Sensibility. ibility Sensibility. 
Reciprocal: 4 mg Reciprocal: 200. Reciprocal: 53 mg eciprocat: 20 


Sensitivity: 2 Sensitivity: 50 
lity Reciprocal is the amount of of weet reared to change 


i 


Main Office and Factory: Clifton, New Jersey, © 


weighings to be exact) 7 
Balances still had their 


0 mi 26 


This unique combination of large capacity, higher speed and 
lower controlied temperature increases the value of centrifugal 
force as 3 basic research tool. 


HIGH “G” HEADS: The 8-place 50 mi head delivers 40,000 x G; 
the 6-place 250 mi head, 26,000 x G. Adapters are available for 
use with smalier tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by 4 direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


ES BETWEEN —20°C and 40°C are kept 
+1°C by a 1 HP refrigeration unit, an 
exclusive ator, and @ new combination of 
plastic foam and fibre glass insulation. 


PON to get all the facts about this all-new and 
efrigerated centrifuge from In we 
Centrifugal Force: 


International 


1213 SOLDI CLO) Equipment 
Please com ERS FIELD ROAD 0. 
plete dat , BOSTON 
Refrigerated prices and delivery sche dow STadium 2-7900 
ernational’s new HR-1 
-1 High-Speed 
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MAXIMUM SAFETY PROVIDED WITH THE WELCH 
ELECTRIC STIRRER 


with Snarkdess 


INDUCTION TYPE MOTOR 


Watt-Type Governor Stabilizes Speed 


Speed Adjustable from 200 to 


1400 Revolutions Per Minute - - 


Reduces Explosion Hazard 

The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, will not burn out 
if stalled by overloading. 


Governor-controlled 

Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
at the top of the shaft. A locknut for this adjustment 
is provided. A Watt-type governor incorporated 
within the motor housing stabilizes the speed. It oper- 
ates such that any decrease in speed caused by addi- 
tional viscous drag in the fluid causes the governor 
weights to move inward, thus reducing friction between 
the control surfaces and automatically increasing the 
net torque exerted. The speed of the stirrer therefore 
remains relatively constant under the moderate load 
fluctuations usually encountered. 


Both ends of the motor shaft are equipped with ball 
bearings properly designed to carry the necessary axial 
and radial thrusts when the stirrer is operated vertically 
or at an angle. Lubrication is required very infre- 
quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
is permanently lubricated. The control surfaces in the 
governor are made of materials which show negligible 
wear even after long service. 

The lower end of the shaft carries an adjustable 
check which takes any size shank up to '/, inch. The 
stirrer is supported by means of a 13-mm. rod, 20 cm. 
long, threaded into the side of the housing. The 
opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in elec- 
trolytic work or for grounding the motor housing. 


5230 ELECTRIC STIRRER, Sparkiess. 

Complete with 6-foot connecting cord, line switch and 
plug. For operation on 50 or 60 cycles, 115 volts 
A.C. Each $54.75 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
a step-down transformer to permit operation on 230 
volts 50 or 60 cycles A.C. Each $64.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1888 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturer of Scientific Instruments and Laboratory Apparatus 


JOURNAL OF CHEMICAL EDUCATION 


2 
= 
— 
4+ 
} 
| 
= 
A502 


PUBLICATIONS 


A new and unusually clear discussion of the elementary concepts and descriptive 
material of general chemistry, a systematic presentation of the 
modern principles of Organic Chemistry and the physical sciences 


CHEMISTRY 


by JAMES V. QUAGLIANO 
University of Notre Dame 


Here is a text that is singularly suc- 
cessful in communicating the con- 
ceptual and descriptive aspects of 
chemistry to beginners. Assuming 
no previous knowledge, it treats both 
aspects together, building concepts 
gradually in increasingly detailed 
discussions through the medium of 
explicit language, reveling examples, 
and informative diagrams. And it 
enhances conceptual understanding 
by a consistent arrangement of ma- 
terials: emphasizing that theory 
follows experimentation and not vice 
versa, it adheres to that sequence 
and demonstrates it. 


The materials are thoroughly un- 
derstandable, accurate, and up-to- 
date. They need neither clarifica- 
tion nor amplification, will not have 
to be unlearned in advanced courses, 
and—with the exception only of the 
rapidly changing field of atomic 
theory—will probably be up to date 
for five years to come. 


Partial contents: Matter and En- 
ergy. Basic Atomic Theory. Sym- 
bols, Formulas, Equations, Calcula- 
tions. Nomenclature. Oxygen, 
Ozone, Hydrogen. The Gaseous, 
Liquid, and Solid States, Transitions 
Between States. Water and Hydro- 
gen Peroxide. Periodic System 
and Atomic Structure. Electronic 
Theory of Chemical Bonding. Size 
of Atoms, Ions and Molecules, 
Acids, Bases, Salts. Rates and 
Mechanisms of Chemical Reactions. 
Nuclear Chemistry. Organic 
Chemistry. 


854 pp. Pub.1958 Text price $8.75 


ESSENTIAL PRINCIPLES 
OF ORGANIC CHEMISTRY 


by JAMES CASON 
University of California 


Essential Principles of Organic 
Chemistry is organized around the 
systematic presentation of modern 
principles of organic chemistry. 
Its sequence has been planned for 
easy comprehension by beginning 
students. 


New aspects of theory are presented 
only after new facts, which are in 
need of explanation and correlation, 
have been introduced. This lends 
more reality to the usefulness of the 
theery than is the case when theo- 
retical concepts are presented first 
and the facts in the case are given 
later. 


Professor Cason keeps his emphasis 
throughout the text on a thorough 
understanding of organic synthesis, 
the most important objective of 
organic chemistry. Numerous 
problems are devoted to multi-step 
syntheses. 


Following each chapter are well 
chosen exercises, problems, and 
literature references to aid the stud- 
ent in understanding the practical 
application of theoretical material. 
Many of the problems are devoted to 
multi-step synthesis to provide the 
student with a thorough foundation 
in organic synthesis. 


Partial Contents: Basic Principles 
Applied to Aliphatic Compounds. 
Systematic Nomenclature.  Elec- 
tronic Formulas. Aromatic Com- 
pounds, Carbocylic and Heterocyclic 
Special Topics. Reactions of Aro- 
matic Compounds. Condensations 
and Displacements by Enolate Ions. 


530 pp. Pub.1956 Text price $7.50 


COLLEGE PHYSICAL SCIENCE 


by WENDELL SLABAUGH, Oregon 
State College, and ALFRED B. 
BUTLER, State College of 
Washington 


This new text features an unusually 
complete integration of the four basic 
areas of physical science. This in- 
tegration is based upon the succes- 
sive treatment of mechanical, elec- 
trical, chemical, heat and nuclear 
energy, followed by an immediate 
application of the fundamentals of 
these forms of energy to geology, 
astronomy, meteorology and other 
areas in physical science. A firm 
understanding of the basic principles 
and methods which have the great- 
est importance to the student is pro- 
vided and accordingly there is a 
maximum of correlation throughout 
of the various areas of physical sci- 
ence. You have here a unified ap- 
proach to the general study of physi- 
cal science, emphasizing and corre- 
lating the soundest principles of sci- 
ence, including physics, chemistry, 
geology, astronomy and wmeteor- 
ology. The problems are thought- 
provoking, requiring an understand- 
ing of the specific material concerned 
and the principles underlying the 
specific application. They thus en- 
tice the student to consider other, 
eae applications of the princi- 
ple. 


Partial Contents: The Nature of 
Physical Science. Space. Mass. 
Time. Energy. Gravity. » Force. 
Motion. The Solar System. Elec- 
trostatics and the Electron. Atomic 
Theory. The Elements. Valence. 
Ionic Substances. Covalent Sub- 
stances. Chemical Reactions. The 
Kinetic Theory of Matter. 


496 pp. Pub.1958 Text price $7.75 


To receive approval copies of any book described above, and a free copy of our 


latest Chemistry textbook catalog, write: Box 903. 


pe PRENTICE-HALL, Inc. 
Englewood Cliffs, New Jersey 
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A NEW UP-TO-DATE TEXTBOOK 


ENZYMES 


By Drxon and Epwin C. 
Cambridge University, England 
May 1958, 782 pp., illus., $16.00 
Drs. Drxon and Wess have written an up-to-date textbook dealing with 


the general principles of 


enzymes. This volume will not only serve 


advanced students but it will also prove useful as a reference work for 
researchers in all branches of biochemistry. 


CONTENTS: 


Introduction 


Enzyme Techniques 
Enzyme Isolation 
Enzyme Kinetics 
Enzyme Reactions 
Enzyme Specificity 
hanisms 


Enzyme Mec 


Enzyme Cofactors 

Enzyme Structure 

Enzyme Formation 

Systems 
Enzyme Biolo; 

List of Symbo! 


Enzyme Inhibition 


RUSSIAN- 
MEDICAL 


ENGLISH 
DICTIONARY 


By STANLEY JABLONSKI, National Library of Medicine, Washington, D. C. 
Edited by B. S. Levine 


October 1958, 423 pp., approx. $11.00 
Detailed literature available upon request 


ACADEMIC PRESS INC., Publishers 


111 Fifth Avenue, New York 3, New York 


Recent Sooke 


You can feel the safety and 

practicality of a NALGE GRADUATED CYLINDER 

the minute it’s in your hand. 

Light and easy to handle, these cylinders are 
formed from tough, unbreakable polypropylene 
for greater clarity. 

Made in accordance with standard 

graduate specifications and dimensions— 
accurate to within 1%. 

Measurements are easily read 

since water solutions have practically 

no meniscus in polypropylene. 

Octagonal base prevents rolling. 

The cylinders can be autoclaved repeatedly. 
Cap. mi. 25 50 100 250 500 1000 
Subdiv., ml. 1 2 $ 10 20 25 


Each 2.65 2.90 3.30 3.85 5.50 7.20 
Less Quantity Discounts 


Ask your dealer for catalog G-358 


"NALGE C0. Ine, 


ROCHES 


WORLD'S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 


solved in a clear, concise manner. Ar- 
swers are given to about half of the large 
number of problems, (a good pedagog « 
practice). 

Where appropriate, ionic equations are 
used throughout the text. The authors 
digress from this practice occasionall., 
e.g., neutralization of phosphoric acid on 
page 103. A more extensive discussicn 
of the single-pan balance would be in 
order because of its wide use in industr.. 
The authors devote only one short par- 
agraph to its discussion. The titration of 
calcium with EDTA is hardly the same 
kind of complex ion titration as cyanide 
with silver. The treatment of buffer 
solutions could be more extensive because 
of their importance to chemistry and in 
natural processes. 

The conciseness of presentation along 
with the breadth of coverage of material 
show painstaking care on the part of the 
authors to condense the basic elements of 
the field in a moderately sized text. 
Previous editions of the text have made 
this book one widely used in elemen- 
tary quantitative analysis courses; the 
present edition will certainly keep it among 
the leaders in the field. This book can 
be recommended to all teachers of quanti- 
tative analysis for their careful con- 
sideration. 


GLENN H. BROWN 
UNIVERSITY OF CINCINNATI 
Cincinnati, On10 


TEXTILE CHEMICALS AND 
AUXILIARIES 


Henry C. Speel, Chemical Consultant, 
Darien Connecticut, and E. W. K. Schwarz, 
Chemical Consultant, New York. Second 
edition. Reinhold Publishing Corp., New 
York, 1957. vi + 545 pp. 16 X 23.5 
cm. $13.50. 


IN REVIEWING the first edition (See 
J. Cuem. Epuc., 30, 270 (1953)), it was 
stated that the book represented an 
excellent review of the textile industry. 
This holds true for the second edition. 
However the new edition has not changed 
as much as the industry in the inter- 
vening years, in spite of the numerous 
changes and additions reflecting the 
newer synthetic fibers and the newer 
auxiliary chemicals made by the authors. 

Part I discusses the Nature and Proc- 
essing of Fabrics in eight chapters. 
It is this part which gives such a fine, 
concise picture of the whole industry. 
A new chapter on felts and nonwoven 
fabrics has been added to this section. 

Part II treats the chemicals used in 
the industry. Nine chapters are con- 
cerned with chemicals, water, 
starches, surfactants, ete. The rem:in- 
ing chapters in the book discuss chemi: als 
elassed rather by uses, cellulose sage 
water-resistants, mothproofing agents, 

The previous review states: “‘! he 
coverage in each field is quite adequ. te, 
written for the chemist, not the speci: ist 
in the particular field. The fact that 
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In active preparation... 


VOLUME I of a New Series 


PROGRESS IN 
INORGANIC CHEMISTRY 


Edited by F. ALBERT COTTON 
Department of Chemistry, Massachusetts Institute of Technology 


The great expansion and wide diversification of inorganic 
chemistry have led to a problem in maintaining effective 
communication between specialists in its various branches. 
In each volume of this new series some ten to fifteen experts 
will give interpretative, expository treatments of their special 
subjects, to enable inorganic chemists to keep in touch with 
progress over the entire field. 


Topics and Authors . Heteropoly Acids and Salts by L. C. W. Baker, Boston Uni- 
for VOLUME I (‘tentative)— versity 
Solvent Extraction by R. M. Diamonp, Cornell University, and 
D. G. Tuck, University of Manchester 
Nitrogen-Sulfur Compounds by M. Gornrine, University of 
Heidelberg 
Lamellar Compounds of Graphite by G. R. HENNiG, Argonne 
National Laboratory 
Metals in Liquid Ammonia by W. L. Jotiy, University of 
California, Berkeley 
Isonitrile Complexes of Metals by L. Matrartesta, Milan 
University 
Alkynyl Complexes of Metals by R. Nast, University of Heidelberg 
Organometallic Compounds of Non-Transition Metals by 
D. SeyFertH, Massachusetts Institute of Technology 
Boron Chemistry by T. WartiK, Pennsylvania State University 
Metal Sandwich Compounds by G. WiLxkinson, Jmperial 
College of Science and Technology, London, and F. ALBERT Cot- 
TON, Massachusetts Institute of Technology 
Inorganic Problems in Geochemistry by J. W. WiNCHESTER, 
Massachusetts Institute of Technology 
12. Ligand Field Theory and Thermodynamic Properties of 
Transition Metal Compounds by D. S. McCiure, Radio 
Corporation of America and P. GzorGE, University of Pennsylvania 
13. Principles and Applications of Neutron Diffraction in In- 
organic Chemistry by H. A. Levy and S. W. Peterson, Oak 
Ridge National Laboratory 
Approximately 400 pages, 14. The Nature of the Metallic State by N. C. BaENzIGER, State 
to be published in University of Towa 
Spring, 1959 15. Mixed Metal Oxides by R. Warp, University of Connecticut 
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“For Scientists Everywhere”’ 
STANTON 


Thermo-Recording Balance 


A superior laboratory balance that heats, weighs 
and records simultaneously. 

“‘Heat-to-constant-weight” is accomplished 
easily in research or for process control. 


STANTON Thermo-Recording Balance, 
Model TR-1 Electric weight loading, twin electronic 
recorder and standard furnace with simple program 
control. A cam, which can be modified, provides 
uniform rate of heating. Sensitivity 1 mg. 
Burrell Cat. No. 2-569-41 - $4,550. 
Price listed is F.O.B. Pittsburgh, Pa. 
Other models are available for thermo-recording 
or recording only with sensitivities of 1 mg. or 0.1 mg. 


Ask for Bulletin No. 329 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Recent Sooke 


trade names are so frequently mentioned 
will be of value to many workers. it 
should be noted that the names are always 
those used in industry, not those known 
to the retail trade so the teacher of Hone 
Economics will be helped less than tle 
worker in the textile industry.”’ 

The new edition announces market 
estimates are a new feature which shou'd 
be most valuable. 

Like the first edition, the book contains 
concise, accurate, well-written’ data cn 
practically every use of chemicals in the 
chemical processing industry. 

Except for the addition of one new 
chapter and the extensive rewriting of 
the chapter on flameproofing, and thie 
market estimates, the changes in thie 
second edition are minor. 


WILLIAM G. CHACE 
Arr Force ResEARCH CENTER 
CAMBRIDGE, MASSACHUSETTS 


PLANT DESIGN AND ECONOMICS FOR 
CHEMICAL ENGINEERS 


Max S. Peters, Professor of Chemical 
Engineering, University of Illinois. Mc- 
Graw-Hill Book Co., New York, 1958. 
xi + 511 pp. 115 figs. 16 X 23.5 
cm. $11. 


“Tue purpose of this book is to present 
economic and design principles as applied 
in chemical engineering processes and 
operations. The expression plant design 
connotes industrial applications; con- 
sequently, the dollar sign must always be 
kept in mind when carrying out the design 
of a plant.”’ 

Dr. Peters has devoted the first third of 
the book to applied economics and the 
remainder of the book to methods and 
important factors in design of plants and 
equipment. The first section (170 pages) 
on economics consists of nine chapters: 
introduction, costs in chemical processes, 
interest and investment costs, taxes and 
insurance, depreciation, alternative in- 
vestments and replacements, cost esti- 
mation, cost and asset accounting, opti- 
mum design. The second section (272 
pages) on factors in design consists of 
eight chapters: general design. consider- 
ations, waste disposal and treatment, 
the design report, equipment design and 
fabrication, materials handling «nd 
transfer equipment—design and _ costs 
heat transfer equipment—design and costs, 
mass transfer equipment—design and 
costs, filters and miscellaneous equip- 
ment—design and costs. Appendix A 
lists three major design problems, three 
minor design problems and ten practice- 
session problems. Appendix B gives var- 
ious tables found in handbooks, as atomic 
weights, connversion factors, specific 
gravities and the like. 

The book is recommended for a on:-0r 
two-semester course for advanced un:er- 
graduates or graduate chemical engine: 's. 
Nevertheless the chapters on equipment 
design give the elementary and 
equations that these students should 
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COMING SOON REVISIONS OF MAJOR MACMILLAN TEXTS IN CHEMISTRY 
Note the changes 


GENERAL CHEMISTRY—A Systematic Approach, 


Second Edition 
ce by HARRY H. SISLER, University of Florida; CALVIN A. 
ae VANDERWERF and ARTHUR W. DAVIDSON, both at the 


University of Kansas 


e Discussion of principles has been condensed for greater 


clarity 
Ros e Latest developments in the chemistry of newer elements... 
rocketry ... plastics... metals... nuclear fission... nuclear 
: fusion are covered 
e The chapter on atomic structure has been condensed and 1 
rewritten 


ae e New industrial processes are introduced 


Coming Spring 1959 


QUALITATIVE ANALYSIS AND ANALYTICAL CHEMICAL 
SEPARATION, Second Edition 


by PHILIP W. WEST and MAURICE M. VICK, 

both at Louisiana State University 

e The text has been extensively enlarged so that it may be used 
in two-semester courses 

e New material on metallurgy, the chemistry of metals, and 
mathematical operations is included 

e An expanded treatment of laboratory directions is provided 

~» A section on spot tests has been added in the appendix 

Coming Spring 1959 


INTRODUCTORY CHEMISTRY FOR STUDENTS OF HOME : 
ECONOMICS AND APPLIED BIOLOGICAL SCIENCES, Se 


Second Edition 


by LILLIAN HOAGLAND MEYER, 

Western Michigan University 

e@ Recent developments in the field of chemistry of value to 
students in home economics, nursing, biology, physical 
education and agriculture are presented 

e@ The material on organic chemistry, biochemistry, textile 
chemistry, and atomic theory has been extensively revised 

e New illustrations are included Coming Spring 1959 


AND RECENTLY PUBLISHED — 
QUANTITATIVE CHEMICAL ANALYSIS, Eleventh Edition 


by LEICESTER F. HAMILTON and STEPHEN G. SIMPSON, 
both at Massachusetts Institute of Technology 
1958, 566 pages, $5.85 


PRINCIPLES OF PHYSICAL CHEMISTRY, Third Edition 


by SAMUEL H. MARON, Case Institute of Technology, and 
CARL F.PRUTTON, Food Machinery and Chemical Corporation 
1958, 789 pages, $8.50 


The Macmillan Company 60 FIFTH AVENUE + NEW YORK 11,N.Y. 
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Builtrby 
V = DUTY have had in unit operations. The chap- 


; a ter on heat transfer equipment refers t:, 
specialists in specialized texts on heat transfer, bu 
electric heat then gives the basic equations and th 
determination of heat transfer coefficients 
This finally develops into a section o), 
Hevi-Duty the optimum design of heat exchangers- 

the meat of the chapter. It seems tha: 


the material presented is hardly of grac- 
G -07- Py uate level, but the application of senior 


FU he ACE ; level chemical engineering courses ac - 

cou ive graduate level work. 

temperatures to 2600 F. section economics could be 
taught at any level above the freshmai 

This furnace is designed for A. year. The other material on design ani 
high-temperature work where we Al a cost could well be worked into courses 
accurate control and uniform- on unit operations to be sure that the 
ity are important. Controls, student always is aware that the $ is the 
which provide 48 temperature important end result, rather than U or 


gradients, and an indicating other transfer coefficient. 
pyrometer are located in the The book is wellwritten, interesting, 


pyramid base. For greatest uni- and up-to-date. It will be a desirable 

formity in the heating chamber, textbook and give supplementary mate- 

three heating elements are in- rial for other courses. 

stalled over and three are 
KENNETH A. KOBE 

beneath the refractory muffle. 

Austin, TEXAs 


Write for Bulletin 957 for full details. 


ra PROCESS ENGINEERING IN THE FOOD 


G-07-PT 3500 4" 244" $585.00 
- = R. J. Clarke. Philosophical Library, 
‘Operating voltage either 115 or 230 A.C. only. iat York, 1957. ii + 355 op. 138 


tigs. 14.5 X 22cm. $10. 
FOR GENERAL AND SPECIALIZED LABORATORY APPLICATIONS 


of the food industry, in which chemical 


DUTY ‘*Mu Iti ple Unit’’ approach was formally publicized by 


the conference on chemical engineering 


TUBE TYPE COMBUSTION FURNACES the food The 


in Two Temperature Ranges, 1850° F. or 2200° F. slow introduction of the disciplines of 
chemical (or process, as the preferred 
term) engineering is due to the complex 
split* (illustrated) or solid type ee nature of foodstuffs. Unit operations 
and can be used horizontally or and processes are retained as the system 
modified for vertical operation. y sc a. of classification; each is treated under 
Long-life “Multiple Unit” brand endl o three headings: (a) the general prin- 
heating units offer fast heat-up Geet 3 : : ciples, based upon purpose, mechanisms, 
because the heat is radiated direct- 1 : = rate factors, methods, and horsepower 
ly into the heating chamber. The al oe required; (6) descriptions of equipment, 
heated length may be divided for 4 5 : : i 
zone temperature control which 6 —— : arranged to classify and detail plant in 
gives greater temperature uniform- ¥ ia — | common use in Great Britain; (¢) il 
ity over a specified length. A few \QiEEE SS p lustrative descriptions of plant used in 
of the standard furnaces are shown = the food industries.” 
below. Many sizes are in stock. eee This book is a very elementary unit 
Special sizes with diameters up to i operations text which illustrates appli- 
16 inches can be built to your a cations in the food industries. The unit 
a - 
HINGED-TYPE TUBE FURNACE FOR 1850° F. ods—I, liquid filtration, evaporation and 
CHAMBER RATING SHIPPING distillation, extraction and expression, 
DIA. LENGTH WATTS WEIGHT — crystallization, gas flow, drying and (- 
12” 35 75.00 hydration, size separation of solids, 
90 165.00 adsorption, centrifugal separation, size 
i = a Write for Bulletin 552 reductions of solids and liquids, mixing, 
— oy prey for complete details. gas absorptioa and desorption, and heat 
processing methods—II (actually refrig:r- 
ation and freezing). 
© LABORATORY FURNACES Theory is given briefly, equipment 's 
described, no illustrated problems : 
solved, the greatest merit of the bok 
MULTIPLE UNIT is pointing out applications of the p:'- 
ticular unit operation in the food 
@ ELECTRIC EXCLUSIVE dustries. 
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Just Published... and becoming widely adopted— 


The chap- 
refers tv 
isfer, bu 
th 
efficients 
en 0 An Introduction to Equilibrium and Solution Chemistry 
ems that 
4 Professor of Inorganic Chemistry 
THERALD MOELLER University of Illinois 
urses ac - 
ited her: 550 pages, $6.50 
rk. Th: 
could be Representative Adoptions 
freshmai 
sign ani Brown University Michigan State University 
Central Michigan College State Teachers Coll 
Michi . Y. Stat 
that the The Citadel Oakland City College 
» $ is the CAR... Peabody College for Teachers 
U Dickinson College Polytechnic Institute of Brooklyn 
an or Emory and Henry College Pomona College 
Franklin and Marshall College Rose Polytechnic Institute 
feresting George Washington University Sacramento State College 
. £, Goshen College South Dakota State College 
desirable University of ee Teachers College of Connecticut 


U la Hh 
ry mate- Westen University 


A. KOBE An important new text presenting the principles of chemical equilibrium as applied to solution chemistry, 
and implementing this presentation by means of laboratory training in qualitative analysis. It covers 

the majority of the common anions and cations in detail, and lays a foundation of fact and theory for a 

‘ subsequent course in quantitative analysis. The extensive treatment of the anions acquaints the student 

Up more fully with the chemistry of the non-metals, and provides background information which makes 

E FOOD : iy i Mis the study of the cations more logical. Much emphasis is placed upon the solving of numerical problems 
1 hy so that the student can appreciate the fundamentally quantitative nature of chemistry ae solving 


Sed problems which illustrate the concepts. There are many illustrative numerical examples, in addition to 
Library, ak the exercises at the ends of chapters. 
ip. 138 
Contents 
kground 
ore ‘ £ Part |. Principles of Solution Chemistry 
— s 1. Introduction 6. Equilibria Involving Water and Its Ions. Hy- 
y. 1€ 2. Some Characteristics of Aqueous Solutions drolysis 
lines of : 2 7. Equilibria Involving Precipitates. Colloid 
3. Ionic Reactions in Aqueous Solution 
referred Chemistry 
complex x = 4. Reaction Rates and Chemical Equilibria 8. Complex Ions and Coordi ion Comp d 
5. Ionic Equilibria Involving Weak Acids and 
system 
1 under 
OF sem — Part Il. Chemical Characteristics of the More Common lonic Species 
’ 
sepower 11. Classifications of Ionic Species 12. Chemical Characteristics of the Anions 
ipment, 13. Chemical Characteristics of the Cations 
lant in 
(ec) il- 
ae is — Part Ill. Laboratory Investigation of the Characteristics of the More 
ry unit Common lonic Species 
Naya ee i 14. Laboratory Operations and Techniq 17. Preliminary Experiments Involving Cations 
1 flow, - 0 15. Preliminary Experiments Involving Anions 18. Identification of Cations 
meth- 16. Identification of Anions 19. Alloys Analyses for Both Anions and Cations 
on and 20. Special Techniques in Laboratory Operations 
ressiOn, 
Appendixes 4. Mathematical ;Operations and Chemical Arithmetic B. Ionisation and Hydrolysis 
a + ee Constants of Acids C. Ionization and Hydrolysis Constants of Bases D. Solubility-product Constants 
E. Instability C ts F. Oxidation Potentials and Constants G. Solid Reagents Reagent Solutions 
oe : Organic Substances List of Apparatus H. Table of Logarithms 
en 
efriger- 
rent is a INSTRUCTOR'S MANUAL— available without charge to teachers using 


bo ik 
SEND FoR A COPY MeceGRAW-HILL BOOK COMPANY, INC. 
ON APPROVAL 330 West 42nd Street New York 36, New York 
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This book might be satisfactory for 
part of an Ag. Engineering course. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
AvstTin, Texas 


CHEMISTRY OF HETEROCYCLIC 
COMPOUNDS. VOLUME 10: THE 
1,2,3-AND 1,2,4-TRIAZINES, 
TETRAZINES, AND PENTAZINES 


John G. Erickson, Minnesota Mining & 
Manufacturing Co., St. Paul; Paul F. 
Wiley, Eli Lilly and Co., Indianapolis; 
and V. P. Wystrach, American Cyanamid 
Co., Stamford, Connecticut. Edited by 
Arnold Weissberger. Interscience Pub. 
lishers, Inc., New York, 1956. xi + 26] 
pp- 16 X 23.5 cm. $10.50. 


( Ae animals were left VOLUME 11: PHENAZINES 
for sale an food. G. A. Swan, King’s College, Newcastle- 


wer bank 


upon-Tyne, England, and D. G. I. Felson, 


ements. British American Tobacco Co., Ltd. 
w york soci-|Non-absorbent Alberene Stone Hoods wee 
aalysts he was berger. Interscience Publishers, Inc., 


ature steps the provide Heavy-duty, 24-Hour Service New York, 1957. xiv + 693 pp. 16 x 
“do a better job 23.5 cm. $22.50. 


4 yesterday.” He|The principal advantage of an| Alberene Stone is easily ma- Tue tenth volume of the Weissberger 
reduction, which) Alberene Hood is the stone |chined for tongue-and-groove, series on heterocyclic compounds presents 
00,000 to reserve) itself. It’s the only natural sili-|watertight construction — a the 1,2,3- and 1,2,4-triazines, 1,2,3,5- 
e than a “token.”|cate stone with a surface that |necessary feature for perchlo- tetrazines and the pentazines by Erickson 
pion criticized the| goes all the way thru. It has|ric hoods where thorough water (140 pages, 289 references); and 1,2,3,4 
» accounts. In line/no surface glaze to chip, crack |flushing and removal is neces- tetrazines by Wystrach (38 pages, 61 
owth needs of thelor peel. Its absorbency rate is|sary to keep them deposit free. | 
said, the time wasionly 0.15%. Its chemically-| For full information and The is 
th more on credit.|resistant, all-silicate mineral |technical assistance address: tion to the literature on heterocyclic 
components make it practi-|Alberene Stone Corporation, compounds. There has been a thorough 
cally nonstaining. It’s highly/386 Fourth Avenue, New York search of the literature through 1950. 
heat-resistant. 16, N. Y., Dept. J. This volume describes, with the exception 
= . of the 1,3,5-triazines, the chemistry of 
A ed di-jexpand its pap all six-membered nitrogen heterocycles 

‘ Ki the East a. containing more than two nitrogen atoms 
in the ring. and all condensed systems 

containing the rings. 


fers , A count of the 520 references shows 

x that only 28% of these are since 1930. 
As there is no other adequate review of 
these classes of compounds, this summary 
of the older literature is of great value. 
A good deal of discussion is given in which 
the older work is reinterpreted in the 
light of modern theory. Gaps are re- 
vealed that call for exhaustive investiga- 
tions. 

Many structural formulas illustrate the 
text. The Ring Index and Chemical 
Abstracts system of nomenclature and 
numbering are used. It is almost inevit- 
able that a few errors will be found. 

“Phenazines”’ is the eleventh in a series 
of monographs devoted to a modern, 
detailed, and comprehensive presentation 
of heterocyclic chemistry by a group of 
authorities. Part One, by G. A. Swan, is dle- 
voted to phenazine‘and phenazinium com- 
pounds which do not carry condensed rings. 
The second part, by D. G. I. Felton, 
deals with derivatives that have other 


rings fused to the phenazine nucleus. 
After making a comprehensive survey 
of almost all the described phena’ine 
compounds, the authors decided tha‘ it 
would not be reasonable to include every 
such compound in the text, or even in the 


form of tables. For example, m:ny 


provides LOW ABSORBENCY protection (Continued on page A512) 
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xi + 26] By the late Emile Monnin Chamot and Clyde Walter 
Mason, both of Cornell University. The standard book on 
the subject both in the United States and abroad, this 
text is now thoroughly revised and modernized. Like 

lewcastle. its predecessor, the new Third Edition emphasizes basic 

Fi _— principles of instruments and methods, rather than de- 

_* og scription of apparatus or routine manipulative directions. 

ars, Inc., 

16 x 
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} presents 

1,2,3,5- 
vrrr By Stanley Chaberek, Dow Chemical Company; and 
ry 61 Arthur E. Martell, Clark University. This book pro- 
Slenaines vides a clear, straightforward, and up-to-date discussion 
erences), of the principles governing the interactions of metal ions 
ontribu- with aqueous complexing and chelating agents. In ad- 
erocyclic dition, it offers a summary of the many applications of 
horough chelating agents and metal chelates, most of which have 
h 1950, developed within the last decade, and a description of 
xception 
istry of 
rocycles 
n atoms 

_ Editor-in-Chief: Carl S. Vestling, University of Illinois. 
a Operating in the forefront of biochemical research, 
e 1930 Biochemical Preparations is the only series available in 
wiew of which tested procedures are described in great detail. 
immary In the same tradition as the earlier five volumes, Volume 
b value. Six offers reliable methods for preparing essential sub- 
n — stances of interest which cannot be obtained readily from 
in the 

are re- 

vestiga- 

be By D. R. Cox, Birkbeck College, University of London. 
yee Avoidin mathematical and statistical technicalities, 
Rewil. this book offers a clear account of the ideas underlying 
d. modern work on the statistical aspects of experimental 
a series design. It deals in a careful but elementary way with 
odern, a number of topics that are not given much prominence 
tation in other works on experimental design. Examples of 
pup hs these are the justification and practical difficulties of 
1, Is Ge- 

1 com- 

l rings. 

‘elton, 

- Bp C. Kittel, University of California, Berkeley. 
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Send for examination copies. 


HANDBOOK OF CHEMICAL MICROSCOPY 
VOLUME |, Third Edition 


Principles and Use of Microscopes and Accessories 
Physical Methods for the Study of Chemical Problems 


Explanations, illustrations, and experiments are de- 
signed to aid the student in fundamentals and advanced 
techniques. New material is included on electron micros- 
copy, particle size, colloids, and optical properties of 
crystals and aggregates such as polymers and tissues, plus 
a new polarization color chart. 1958. 502 pages. 132 
illus. College edition $11.50. 


ORGANIC SEQUESTERING AGENTS 


A Discussion of Chemical Behavior and Applications 
of Metal Chelate Compounds in Aqueous Solutions 


how the uses of aqueous chelating are the result of the 
special properties of metal chelate compounds. The 
applications discussed are those in the three general 
areas in which sequestering agents have been found to be 
particularly analytical chemistry (titration of 
metals), in the study of biological systems, and in indus- 
try. 1958. Approx. 596 pages. Prob. $18.50. 


BIOCHEMICAL PREPARATIONS, Volume six 


commercial sources, or which are expensive to buy. 
The preparations listed can be accomplished with 
easily available materials. The procedures lead to the 
isolation or synthesis of research biochemicals and 
include full characterization data. 1958. 105 pages. 
Prob. $5.00. : 


PLANNING OF EXPERIMENTS 


randomization, the relation of covariance to randomized 
blocks and to the calculation of adjustments, the differ- 
ent kinds of factors that can occur in factorial experi- 
ments, the choice of the size of the experiment, and the 
different purposes for which observations may be made. 
One of the Wiley Publications in Statistics, Walter A. 
Shewhart and S. S. Wilks, Editors. 1958. 308 pages. 
Illus. College edition Prob. $6.75. 


ELEMENTARY STATISTICAL PHYSICS 


1958. 228 pages. Illus. College edition $6.75. 


JOHN WILEY & SONS, Inc. 


New York 16, N. Y. 
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YOU'RE NEVER 
IN DOUBT 
WHEN IT’S 


In the laboratory or hospital, just 
“clean” isn’t good enough. Make sure 
your glassware and equipment are 
“Alconox-Clean.” 


Proven best by test* for over 20 years! 
* for wetting power! 

* for sequestering power! 

* for emulsifying effect! 


Use ALCONOX 
For all equipment 
washed by hand 


Case of 12 boxes — 

3 Ib. ea.. .$18.00 
Available in drums of 25, 
50, 100 and 300 Ibs. at 
additional savings! 

(Prices slightly higher 
West of the Rockies) 


SAVE TIME< 
AND MONEY! 


ALCONOX 


The World’s Most Thorough Cleaner — 
Yet it costs up to 75% less! 


Eliminates tedious scrubbing — 
Penetrates irregular and inacces- 
sible surfaces — Removes dirt, 
grease, grit, blood, tissue, etc. 
with amazing ease — Completely 
soluble and rinsable — Gentle to 
the skin — 


Use ALCOJET 
For all equipment 
washed by machine 


Case of 6 boxes — 

5 Ibs. ea.. .$15.00 
Available in drums of 
25, 50, 100 and 300 
Ibs. at additional 
savings! 

(Prices slightly higher 
West of the Rockies) 


| Clean Pipettes in one 

easy operation with 

ALCOTABS — for all pi- 
washers. Box 


phenazines, prepared merely as deriva- 
tives of o-quinones or o-diamines, are of 
little interest. Only compounds that 
appear of some potential interest are 
mentioned specifically although literature 
references in which there are descriptions 
of additional compounds are given. 
In exercising such discretion the authors’ 
conclusions will be different from those 
of a chemist engaged exclusively in, for 
example, dyestuff chemistry, but the 
approach has been that of general organic 
chemists. An addendum covers the lit- 
erature up to approximately September 
1956. 

A count of 2320 references (there is 
some duplication if the same citation is 
made in different chapters) shows that 
48% of these are since 1930. In the 
chapter on Safranines 31% of the citations 
are from patents including those in which 
phenazine derivatives in color photog- 
raphy are considered. 

The reference number of dyestuffs 
described in the Color Index is given. 
The numerous miscellaneous systems in 
which phenazine and its polybenzo ana- 
logs are fused to heterocyclic systems 
other than the azine nucleus are of little 
intrinsic interest. They are considered 
in order of their Ring Index enumeration. 
A number of systems that do not occur 
in this compilation, owing to their recent 
production or to inadvertent omission 
from the Index or to their complex poly- 
meric nature are then considered. Sug- 
gested corrections of Ring Index structure 
are mentioned as well as corrections 
from Volume 2 of this series. The ratio 


of index to text pages is 7.3% (more than 
twice that of Volume 10 in the series). 

The printing and binding are well 
done and the publisher can be com)li- 
mented on keeping the cost as low as 3.3 
cents per page. Errors noted are incor: ect 
formula XXII on page 128, XV on pige 
373, XX XIX on page 495, and XC omit- 
ted from the formula on page 577. he 
references from pages 472-93 are nis- 
numbered. 

JAMES W. FERGUSON 

OreGon STaTE COLLEGE 
CoRVALLIS, OREGON 


CASTILLA’S SPANISH AND ENGLISH 
TECHNICAL DICTIONARY. VOLUME;l: 
ENGLISH-SPANISH. VOLUME 2: 
SPANISH-ENGLISH 


Editorial Castilla, S. A.—Madrid. The 
Philosophical Library, Inc., New York, 
1958. Volume 1: viii + 1611 pp. 
Volume 2: 1137 pp. 18.5 X 25 cm. 
$45. per set. 


Two bulky volumes (1611 pages fo 
English to Spanish, 1137 pages for Spanish 
to English) include more than a mere 
word equivalence vocabulary. By in- 
cluding idioms and brief explanations 
for untranslatable words, the editors 
have sought to ‘‘show the actual shape of 
the two languages.” Only engineering 
technology is covered (including com- 
mercial and legal terminology). This is 
not a dictionary for use in reading the 
scientific literature of physics, chemistry, 
or biology. 


and CLOSURES 


TUBE . CENTRIFUGE or TEST 


eee@e 


DATA: Now formed from polypropylene ... 
the latest plastic development. 


POLYPROPYLENE 


NALGE 


Friction fit closures have knurling for easy handling. 
PROPERTIES: High temperature resistance . . . increased clarity... 


TUBES 


greater tensile strength . . . can be autoclaved repeatedly. 
Ask your dealer for catalog G-358 


pette 
100 Tablets $5.00 Size No. ‘ 2 3 4 5 6 7 0 


: 75 100 100 115 115 105 172 120 
Dim.mm. x13 x16 x15 x19 x29 x32 x17 


Cap.mi. 35 65 12 13 16 3 10 15 

Each 22 23. 25 26.33.35 55.25 

CLOSURES 

perDoz. .80 .90 1.00 1.00 1.10 1.35 1.50 1.00 

Less Quantity Discounts 

WORLD'S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 


Order from your Supplier 
or ask him for samples. 


ALCONOX, 


853 Broadway, New York 3, N Y._ 
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Progress in 
Nuclear Energy 


The International Review Series 
in Atomic Energy under an 
Editorial Advisory Group 
assisted by an Honorary 
Editorial Advisory Board and a 
Board of Specialist Editors 
Editorial Advisory Group 

D. I. Blokhintsev 

J. V. Dunworth 

D. J. Hughes 

I. I. Novikov 

F. Perrin 

A. M. Weinberg 


Special pre- 
publication 
price 

ORDERS RECEIVED 


BEFORE 
NOVEMBER Ist, 1958 


Single volumes $12.50 
Complete'set of 12 vol $140.00 


AFTER NOVEMBER Ist 
Single volumes $15.00 
Set of 12 volumes $180.00 


Edited Proceedings of the 


Second International 
Conference on the 


Peaceful Uses of 
Atomic Energy,Geneva 


SEPTEMBER 1958 


T.. Board of Editors of Progress in Nuclear Energy, the Internationa! 

Review Series on Atomic Energy, have made arrangements to publish 

the Edited Proceedings of this Conference instwelve separate volumes, similar 

to those edited by them and published by the Pergamon Press on the First Inter- 
national Conference on the Peaceful Uses of Atomic Energy, held in Geneva in 1955. 

Pergamon Press have obtained the full co-operation and assistance of the appropriate 
authorities of the United Nations in this task. 

Altogether some 2,500 papers are expected to be submitted at the Conference, of which 
about 600 have been selected for oral presentation. (When the 1955 Conference 
was held 1,067 papers were submitted. ) 

If such an amount of scientific information (some 10,000 printed pages) is to 
be of immediate, as well as of long-term, benefit and value, then it needs to go 
through a process of selection, editing, and co-ordinating. This will be done by 
the specialist editors of the Progress in Nuclear Energy Series who will carry 
out this work with the assistance of the respective authors. 

In addition, in order to assist purchasers and readers of the Edited 
Proceedings of this Conference, each volume will carry (appropriately 
arranged by subject for easy reference) a list of titles and authors of 
the remaining papers (which fall within the scope of each respec- 
tive volume), submitted at the Conference but not selected by 
the editors for publication in the Edited Proceedings. In this 
way, if desired, a copy of any paper submitted at the Con- 
ference may be obtained from Pergamon Press, 


at a nominal charge. 


Series No. 


I Physics and Mathematics D. J. Hughes, Brookhaven; 
J. E. Sanders, Harwell; J. Horowitz, Saclay 
II Reactors N. L. Franklin, Risley; B. I. Spinrad, Argonne 


Ill Process Chemistry F.R. Bruce, Oak Ridge; J. M. Fletcher, Harwell; 
H. H. Hyman, Argonne 
IV Technology and Engineering R. Hurst, Douwnreay; R. N. Lyon, Oak Ridge 


Metallurgy and Fuels_ M. Finniston, Harwell; J. P. Howe, Canoga Park, California 


VI__— Biological Sciences J. Bugher, Rockefeller Foundation; J. Coursaget, Saclay; 
J. F. Loutit, MRC Harwell 
VII Medical Sciences J. Bugher, Rockefeller Foundation; J. Coursaget, Saclay; 
J. F. Loutit, MRC Harwell 
VIII Economics of Nuclear Power J. A. Lane, Oak Ridge; P. W. Mummery, Harwell; 
I. R. Maxwell, London; Philip Sporn, New York 
IX Analytical Chemistry Editors being appointed 


X Law and Administration Herbert S. Marks, Washington, D.C. 
XI‘ Plasma Physics and Thermonuclear Research J. L. Tuck, Los Alamos; 


C. Longmire, Los Alamos; W. B. Thompson, Harwell 
XII Health Physics Karl Z. Morgan, Oak Ridge; W. G. Marley, Harwell 


k London Paris Los Angeles 


P E R G A M O N ® P R E S S seginaa 122 EAST SSTH STREET, NEW YORK N.Y. 
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We recommend... 


ERITE= 


Ws 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 
Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 


or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for our new 100-page booklet: 
“‘DRIERITE AND ITS APPLICATIONS” 


W. A. Hammond Drierite Company 


120 Dayton Avenue, Xenia, Ohio 


book i4 an excellent one, satis- 


the history of the discovery of the 
elements and of related aspects of the 


history of chemistry.” 
says LINUS PAULING 
California Institute of Technology 
Pasadena, California 


Discovery 


OF 
THE 


ELEMENTS 


Mary Elvira Weeks, with a chap- 
ter on ‘*Elements Discovered by 
Atomic Bombardment” by 
Henry M. Leicester. 


“‘T am sure that every chemist would find it inter- 
esting to read at least parts of the sixth edition, re- 
vised and enlarged, of the book, Discovery of the 
Elements. The book has been brought up to date; 
it contains a discussion of 101 elements, including 
mendelevium. The section on elements known to 
the ancient world has been greatly enlarged, and a 
more detailed discussion is given of elements dis- 
covered during the seventeenth and eighteenth 
centuries than in earlier editions. 


“‘T have thought of this book as being of especial 
value to the young student of chemistry, in provid- 
ing for him an account of those aspects of the his- 
tory of the chemistry that he can easily appreciate 
and understand, and that are likely to develop his 
interest in science. With over 900 pages, it is 
nearly twice as large as the fourth edition (1939), 
and the various chapters, which may be looked 
ps oa as nearly independent essays, are ir: general 

ut twice as long as in the earlier editions. 


“The book is an excellent one, satisfying the 
real need for an account of the history of the dis- 
covery of the elements and of related aspects of 
the history of chemistry.” 


Sixth Edition, enlarged and revised. 
1956. xi + 910 pp. 16.5 X 24cm. $10.00 


CHEMICAL EDUCATION PUBLISHING CO. 


20th and Northampton Streets, Easton, Pa. 
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NEW BOOKS FROM OXFORD 


A Modern Approach to Organic Chemistry 


by JOHN PACKER and JOHN VAUGHAN 


This comprehensive textbook of organic chemistry stands out because it develops the 
student’s appreciation of the rational structure of the subject side by side with his 
increase in factual knowledge. Facts are linked lightly to simplified theory at first 
and later to properly expounded theory. Text figures. $13.45 


A History of Technology—Volume IV 


The Industrial Revolution, 1750 to 1850 


edited by CHARLES SINGER, E. J. HOLMYARD 
A. R. HALL, and TREVOR I. WILLIAMS 
Among the 30 topics covered in this fourth volume of a five volume series are: Agricul- 


ture, Farm Implements, Fish Preservation, Whaling, Metal and Coal Mining, Iron 
and Steel, Roads, Canals, Water Supply, etc. 397 illustrations. $26.90 


Science Students’ Guide to the 
German Language 


it inter- 
by A. F. CUNNINGHAM 
y of the 
to date; This up-to-date text pays particular attention to special difficulties such as sentence 
ncluding construction and the use of participial phrases and draws its examples from current 
nown to scientific writing. Passages for translations have been taken mostly from the fields 
J, and a of physics and chemistry. $2.00 
mts dis- 
hteenth 
Numerical Analysis, Second Edition 
especial 
provid by DOUGLAS HARTREE 
the his- The main changes in this new edition are fuller treatments of: the Gaussian quadra- 
reciate 
‘ hi ture formula, solution of ordinary differential equations with two-point boundary 
a 4 - conditions, and partial differential equations. An introduction to Whittaker’s car- 
(1939), dinal function has been added, and treatment of programming for digital computers 
ead od has been shortened. 32 text figures. $6.75 
general 
S. 

a Electronic Theories of Organic Chemistry 
An Introductory Treatment 
ects 

by JOHN WILLIAM BAKER 

This is a non-mathematical approach to the applications of the electronic theory of 

valency to structure and mechanism in inorganic chemistry. It is restricted to con- 

sideration of fundamental principles and their application to simple compounds and 
0 their reactions. Text figures. $4.80 


Ai all bookstores 


OXFORD UNIVERSITY PRESS, INC. 
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CATHETOMETER 


S$ 31-950 


This fine quality cathetometer 
offers new economy combined 
with high precision. It is a 
sturdy instrument, su‘ficiently 
strong for constant duty and 
yet of research accuracy, at 
a price which makes it at- 
tractive in all fields of use. 


* Vernier reads to 0.01 mm 


* Range 100 cm 


* Precision scale  emgine 
divided to 0.5 mm 


* Level sensitive to 10 seconds 
* For vertical or horizontal use 


* Telescope with rack and 
pinion 


Manufactured in England by 
GRIFFIN & GEORGE (SALES) LIMITED 
Ealing Road, Alperton, Wembley, Middlesex, England 
Marketed in the United States by 
THE EALING CORPORATION 
Box 90, Natick, Massochusetts 


COORS MORTARS 


AND 


PESTLES 


Coors Mortars and Pestles are 
available in six styles and forty- 


nine sizes. 


Porcelain, Mullite and Alumi- 
num Oxide mortars and pestles 
provide the right material for 
economical and efficient grinding. 


ALUMINA MORTAR AND 
PESTLE No. 524 


NON-SKID 
RUBBER RING INSET 


All Coors Mortars and Pestles 
are completely vitrified and non- 
absorbent. 

Sizes up to 9 liters in 


capacity. 


AVAILABLE FROM YOUR LABORATORY SUPPLY DEALER 


GOLDEN, COLORADO 
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14s. ALUMINUM. 
THE RARE EARTH 
METALS 


A. OCCURRENCE 


B. METALLURGY 


14-1s Hall Process. Twenty-five g. cryolite + 25 g. AIF; 
heated above 800°C. in an asbestos-covered iron crucible; 
add 6 g. Al.O;; electrolyze an hour at 8 amps. using carbon 
are anode; cool in water: hammer out 2 mm. Al balls. 
(Industry ‘gets 65% yield). (Scuarr, R., 14, 397 (1937), 
from Z. phys. i cg Unterricht, 49, 163 (1936).) A similar 
process is described using a eutectic mixture of 17.7 g. 
Al,O; + 59.3 g. eryolite + 23 g. fluorspar heated above 
858°C. in iron crucible; 12 volts, 25 amps.: 1 cm. Al 
pellets form in 15 minutes. (Casta, J. F., 18, 193 
(1941).) Model of process. (Lyans, R. C., 21, 241 (1944).) 


C. ALUMINUM COMPOUNDS 


14-2s Synthetic gems. In an oxy-hydrogen flame fuse Al(OH); 
containing 1% (a) chrom alum or (b) titanium dioxide: 
rubies and sapphires form. (Frng, I., 8, 929 (1931).) 


D. ALUMINUM REACTION 


14-3s Thermit for Mn and Si. (a) Manganese. Ignite (CARE. 
PERFORM OUT-OF-DOORS) 500 g. MnO, + 185 g. Al 
turnings (NOT POWDER), using thermit starter. 

(b) Silicon. Ignite 45 g. sand -+ 50g. powdered Al + 60g. 
flowers of sulfur, using Mg ribbon starter without thermit 
starter; cool, break up product, place in water (CARE: 
HS violently evolved), wash with water; black silicon 
regulus remains. (Karags, R. A., 13, 593 (1936).) 


E. USES 


F. ANALYSIS FOR ALUMINUM 


14-4s Al test paper. Soak ashless filter paper (S&S 598, Delta 
316, or Munktells 1F) in 0.1% aluminon-aq. ctg. 1% 
AmOAc. Acidify filtrate ctg. NaAlO.2 + NaCrO, + 
Na2ZnO2; place a drop on test paper; after 1 minute hold 
over mouth of NH,OH bottle ten seconds; dry paper: in 1 
hr. a deep pink spot with pink edges forms. P and Si may 
interfere; Fe forms a purple lake, 1 Al:300,000 gives pink. 
Match pink with standard containing 20 mg. Al/liter HCl- 
dil. (Turun, W. E., 14, 281 (1937).) 


BORON AND SILICON 


A. BORON 


15-1s Preparation. (a) Dissolve 80 g. sodium tetraborate in 40 
ml. H,0, filter hot; add conc. HC! til acid to litmus; cool: 
crystals of H;BO; separate out. (b) Add H:O to 100 ml. 
volume, filter by suction, wash crystals with cold water to 
remove NaCl, evaporate filtrate to 15 ml.; filter hot with 
suction: about 53 g. of H;BO; is obtained. (c) Heat 
crystals to redness in Pt crucible, adding small portions of 
HC! as dehydration proceeds: about 30 g. H;BO; is 
obtained. (d) Fuse the B.O; with !/srd its weight of Mg 
powder to red heat in a clay crucible, boil the crucible and 
contents 1 hr. in 1:2 HCl-aq. to loosen the mass; heat 
this nearly to boiling 1 hr. with conc. HCl, dilute with 100 
ml. hot water, filter hot with suction: filtrate contains 
about 7 g. of a mixture of boron, boron suboxide, silicon 


dioxide and silicon. 
action ceases, add 25 ml. H:O and boil; 
suction: 
g. of Si, SiO., and B. (f) Filter hot with suction. Digest 
with 10 ml. HF in a Pt dish on a steam bath for 15 min.: 
the Si and SiO, dissolve. (g) Filter the hot solution 
through a hard-rubber funnel, having water in the beaker 
so the HF filtrate is diluted; wash the boron in hot water 
and dry in an oven: about 1.2 g. of brown boron powder is 
obtained, theoretical yield, 9g. (THurston, J. T., 6, 550 
(1929). ) 

Borax beads. 

(a) Seal samples of borax beads on Pt wires in vials to 
preserve luster and color. (Caugy, E. R., 3, 189 (1926).) 
(b) Seal several inches of Pt wire in glass tubing, with only 
1” exposed; use in flame tests; as the exposed wire 
deteriorates, heat glass and draw out fresh portions of 
wire. (Torren, C. W., 11, 423 (1934).) (c) Use small 
porcelain crucibles in place of Pt wire: the colors show up 
well against the white background of the crucible, and 
with mixtures, several spots of color may appear. 
(Buank, E. W., 11, 581 (1934). ) 

(d) Use. In place of Pt wire use pencil leads, or rods of 

glass or quartz. (KipuiinGer, C. C., 18, 297 (1941).) (e) 
Pass CO, in through 2-hole stopper in 500 ml. distilling 
flask and exit through a wide-bore funnel, attach a 10 mm. 
tube 6 cms. long by a rubber tube to the side-arm. Form 
borax beads on Pt wire, shake the molten bead into the 
funnel and thence into the flask; shape the bead by rotat- 
ing flask; then slide bead into side-arm of tube and seal 
off bead in the tube. (Brrcn, E. J., and Baker, R. G., 
27, 333 (1950). ) 
Perborates. (a) Jn qualitative analysis. Substitute 
sodium perborate for sodium peroxide in oxidizing chro- 
mite to chromate, using twice as much NaBO,;.4H,0 as 
Na.O2 specified and heating: the solid dissolves with 
vigorous evolution of gas. 

(b) In organic preparations. Add a suspension of 10 g. 
sodium perborate + 100 ml. 5% NaOH-aq. to 10 g. benzil 
dissolved in 100 ml. hot MeOH; heat 15 min. on steam 
bath to dissolve solids; evaporate to half volume; cool; 
add a few drops Congo Red indicator and acidify with 
conc. HCl: benzoic acid separates out. Extract with 
250 ml. portions of ether; dry over Na,SO,; yield 9 g., 
m.p. 120-121°C. Aven, C. F.H., and Crark, J. H., 19, 
72 (1942).) 


(e) Add 6N HNO; dropwise; when 
filter hot, with 
the boron suboxide dissolves, leaving about 1.5 


15-2s 


15-3s 


B. SILICON 


15-4s Absorption by silica gel. Two 2.5 X 24 cm. tubes one 
empty, other containing 45 g. of 14-60 mesh silica gel 
with a glass-wool plug; connect both to a mercury 
manometer, ether reservoir, and vacuum pump. Admit 
ether to both tubes; measure pressure changes; repeat 
measurements: pressure falls rapidly in the tube contain- 
ing silica gel. (McLavuauuin, R. R., and Aziz, D., 26,325 
(1929).) 

Heat of adsorption. Moisten 10 g. silica gel ( Drierite) in 
a crucible; measure temperature change: rises about 
20°C. (Hammonn, W. A., 12, 445 (1935).) 

Sodium silicate cleaner. (a) Badly soil cloth by shaking 
with aqueous suspensions of lampblack or Fe:O;. (b) 
Repeat, including 0.3% sodium silicate in the suspensions. 
Wash both cloths: the dirt washes out of (b) only. 
(ANon, 9, 946 (1932), from Silicate P’s and Q’s 12, 1 (1932). 
Sodium silicate properties. (a) Boil Na,O.4Si0. (the 
most siliceous of commercial silicates): it thickens and 
becomes crumbly, yet it bounces. (6) Boil Na,O. 1.6 SiO,: 
this forms a solid which can be pulled like taffy. (c) 
Place iron nails in tap-water and in tap-water ctg. 1 drop 
of waterglass: rusting is prevented in the latter. (JEG- 
Lum, C. H., 19, 239 (1942).) (d) Slowly add, with 
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stirring, 10 ml. of 95% ethanol to 10 ml. commercial 
sodium silicate + 20 ml. water: a material similar in 
physical properties to “bouncing putty” is obtained. 
(Coz, J. W., 23, 97 (1946). see Dems. 15-25 
and 15-8). 

Silicate garden. (a) To 330 ml. of Co salts in 10% 
Na.SiO;.5H,O add 50 ml. 3N HCI: tall bluish growths 
after 3 weeks. (b) To 330 ml. of 10% NaSiO;.5H.0, 
add 25 ml. NaOH: short thick red growths, grey on top. 
(DaMERELL, V. R., and Brock, H., 26, 148 (1949).) 


Glasses 


15-9s 


15-10s 


Source of tubes. Cut ends from fluorescent light bulbs; 
dissolve off the posphor; gives good Pyrex tubes. (BLAck- 
mon, M. C., 22, 292 (1945).) 

Working glass. (a) Attempt to seal two unlike glasses 
together, 7.e., soda, lead, Pyrex-brand, or quartz: show 
they pull apart upon cooling. (6) Exhibit graded seals. 
(c) Heat old glass, preferably high in SiO: devitrification 
occurs, a crystalline ring forms. (Soda glass a year old is 
useless for glass-blowing.) (d) Show annealing process. 
(JoHnson, W. C., 26, 89 (1925) from Rept. New Engl. 
Assoc. Chem. Teach., 26, 89 (1925).) 

Heat Na2CO; in an iron tube with powdered soft glass; 
repeat using Na2CO,; with powdered Pyrezx-brand glass: 
the latter mixture evolves E., and Yous, 
G. R., 10, 242 (1933).) 

Solubility of glasses. See Dem. 15-23. Boil powdered 
window glass with 100 ml. water in a Pyrex-brand flask; 
add universal indicator: turns bluish-green to violet, pH 
9-10. Titrate with 0.001N HCl. (Barnsrorr, H., 9, 
565 (1932) from Z. phys. chem. Unterricht, 44, 255 (1931). 
Etching glass. (a) Stamp lettering on the piece of glass 
to be etched, using an ordinary rubber stamp and ink-pad. 
(b) Warm litharge or red lead to remove moisture; dust 
on the ink lettering. (c) Run the glassware through a 
warm flame until the oxide has a glossy appearance; make 
the black etching clear by burning off the oxide in the 
upper part of the flame. (Rossrns, J. W., 6, 983 (1929) 


from Chem.-Analyst, 18, 19 (1929).) 
Silicones 


15-14s 
15-15s 


See Dems. 15-26 to 15-28. (Norton, F. J., 25, 256 
(1948). ) 

Effect of heat. (a) Hold strips of silicone rubber and of 
natural rubber in the Bunsen flame: the latter burns. 
(b) Immerse strips in acetone-dry-ice mush, then hammer 
them: the natural rubber shatters. (Spaupine, D. P., 


29, 288 (1952). ) 


Ultramarine. Finely grind together 8 g. clay (kaolin) + 8 
g. NasCO; + 1 g. charcoal + 5 g.S: pack in a Coors High 
Form No. 0 fifteen ml. porcelain crucible; cover, fire in an 
asbestos board at bright red heat for 1!/2 hours using a 
Meker burner; remove cover, continue firing !/2 hour; 
cool, wash with water: yield 1 to3 g. ultramarine. Longer 
or hotter heating gives more brilliant color. (Woop- 
BRIDGE, R. G., 26, 552 (1949).) 


16s. CARBON AND ITS 


INORGANIC 
COMPOUNDS 


A. CARBON 


16-1s 


Carbon models. See article for photograph and mathe- 
matical derivation of the 109° 24” angle in the tetra- 
hedral carbon, using a paper model. (GomBert, G. L., 
18, 336 (1941).) 


Preparation of carbon 


16-2s 


Carbon serpents. 

(a) Mix 10 g. p-nitroacetanilide + 3 ml. conc. H.SO, 
in a small porcelain dish; heat above 200°C.: vigorous 
reaction, black spongy ‘‘snake’’ a yard long. (C1iark, 
R. E. D., 12, 247 (1935) from Sch. Sci. Rev., 16, 271 
(1934).) 


Absorption by carbon. 


16-7s 


(b) See article for making snakes from naphthol or beta- 
naphthol + nitric acid + picric acid. (DANGER). 
(Davis, T. L., 17, 268 (1940).) 

From marble. Heat pieces of marble in HCl-aq. in tube; 
in the off-gas hold an iron spoon containing glowing Mg: 
the spoon coats with shiny black carbon. (GENELIN, §., 
7, 2727 (1930) from Z. phys. chem. Unterricht, 43, 164 
(1930).) Anya: hold burning Mg in an iron spoon in a 
CO: atmosphere abcve a chunk of dry ice in a tube, or a 
burning Mg ribbon in forceps in a glass cylinder of CO. 
gas: shiny black specks of carbon form. 

From wood. (a) Place 20 matches with heads removed on 
gauze and heat until they no longer smoke: pure charcoal 
forms, suitable for use in the quantitative synthesis of 
CO:. (Evans, W. L., and Day, J. E., 5, 350 (1928).) 
(b) Distill soft wood using a laboratory furnace made 
from a kitchen hot-water boiler, and catch the distil- 
lates in 2-liter flasks in series. (Hormispas, Rev. Bro, 
11, 479 (1934).) 

From coal. Heat bituminous coal in a horizontal hard- 
glass test tube leading into an empty, vertical test tube, 
and then into a vertical test tube one-fifth full of CaO, 
and having a 6 mm. exit tubing: coal tar collects in the 
first tube, acidic vapors of CO, and H.S are absorbed in 
the second, and combustible gas (CH,) which turns litmus 
blue (NH;) issues from the second tube. (FLETCHER, 
G. L., and Fring, I., 8, 150 (1931).) 

Colloidal graphite. (a) Brownian movement. Dilute 
Aquadag with water, also with glycerine; observe under 
microscope: small in glycerine. Observe scintillations 
from plate-like particles. (b) Localized heat. Gentle 
warm Oildag + 5 parts kerosene: bexagonal patterns due 
to convection currents. Also seen by gripping sides of 
beaker. (c) Electrophoresis. Colloidal graphite in water 
or light oil; apply electrical potential: migrates to + or 
— depending on pH. (d) Elecrodeposition on metal or 
wood. Dip article in Aquadag + 5 parts water, dry at 
80°C., buffer with cloth, electrolyze at 2 amps/sq. ft. in 24 
g. CuSO, + 4 g. conc. H.SO, + 0.75 g. phenol + 8 liters 
H.0 until coated with Cu; then raise current density. 
(e) Coagulation. One g. Aquadag + 100 ml. distilled 
water: slow sedimentation. Increase conc. of H2SO,: 
settles faster. Ozldag with 100 g. SAE 30 oil: not settle 
for months. (f) Filtration. Dilute Aquadag with water, 
pour into fine paper funnel: passes through. Cut the 
paper into strips and dip into (1) 1 g. Oildag + 13 ml. 
kerosene (2) fine graphite paper mixed with kerosene: 
in (1) the dispersion creeps up the paper, in (2) it precipi- 
tates. (g)Thizotropy. Let-eoncentrated Aquadag stand: 
thickens. Shake: becomes fluid again. Brush on glass 
plate: lack of flow. (h) Magnetic properties. Pass 
light through Aguadag in a magnetic field; release field; 
measure difference with a photocell. (7) Conductivity. 
Measure electrical conductivity of Aquadag films of dif- 
ferent thicknesses. (Smiru, E. A., 33, 600 (1956).) 


See Dem. 16-5 to 16-8. 

Of gases. (a) Absorption of gases and suspended solids, 
see WalLEs, R. B., 10, 57 (1933) from Pop. Sci. Mo., 121, 
60 (1932) and Mertster, M., 10, 60 (1933) from Sci. 
Classroom, 12, 3 (1932).) 

(b) Aspirator bulb attached to bottle of conc. NH,OH. 
(1) Blow NH; from the bottle; hold litmus paper at exit: 
colors blue. Repeat but attach tube of activated C to 
exit: litmus does not turn color. (2) Blow NH; through 
second bottle ctg. conc. HCl: clouds of NH,Cl emerge. 
Attach tube of activated C: clouds still emerge. Put 
cotton in tube: clouds filtered out. (THompson, T. G., 
20, 377 (1943).) 

(c) Thrust lump of wood-characoal so it half-fills a test 
tube of NH; inverted over Hg: the Hg rises up as the NH; 
is absorbed on the charcoal. (Stonn, C. H., 23, 249 
(1946).) 


(Topic 16s. will be continued in November issue) 
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Photometers 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 
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Qualitative Analysis Ciasses 
One hundred qualitatively different lots of 
metals and alloys and mixtures of metals and 
alloys. Ready for analysis. a list on 
request. Just write for leaflet U-JC 
The complete set of one hundred as 
ml. volumes (weights vary according to struc- 
ture and composition but ran nnd to 40 grams). 
A Real Treasure Chest of Un 
All in one Compact Case 

CARGILLE Unknowns have been used 
in many colleges since 1932. 

R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


A.C.S. MONOGRAPHS (out-of-print) 
Now Ready in 3” x 5” Microtext Card Editions — 
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MICROTEXT PUBLISHING CORP. 
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Elbowroom for a man of ideas 


By elbowroom, we mean room for men to grow: your 
students—to be specific—who are now thinking about their 
future careers. Naturally, they want to join a company 
that gives them a chance to develop and use their talents 
to the fullest. 

Allied Chemical, for example, makes more than 3,000 
different products. New ones come along every year. 


There’s room at Allied for growth—for chemists, chein- 
istry majors, engineers (chemical, mechanical, electrical), 
A new book, “Allied Chemical and Your Future,” tells 
where a man of ideas can find elbowroom. Why not write 
for a copy? You'll find it really helpful in answering 
student inquiries. Just write us at: 

Allied Chemical, Dept.108BR,61 Broadway, New York 6, N.Y. 
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XJELDAHL DISTILLING APPARATUS, MICRO, Thomas One-Piece 
Model, with Electric Steam Generator. In accordance with A.C.S. 
recommended specifications for micro-chemical apparatus. Con- 
sisting of a steam jacketed distillation flask with spray traps, 
filling funnel and condenser, electrically heated steam generator, 
tripod support and transformer for heat regulation. 


The distilling flask, of Pyrex brand glass, is 175 mm long X 35 
mm diameter and is enclosed in a steam jacket 225 mm long 
x 60 mm outside diameter. Separate bulbs at top of flask contain 
two T-shaped traps to retard alkali spray. Flask is sealed to a 
vertical, all-glass, West type condenser, 250 mm long X 18 mm 
outside diameter. Side filling funnel with stopcock empties into 
bottom of distilling flask through a bent glass tube, through which 
steam in outer jacket also enters. Condensate drains through side 
arm at bottom of outer jacket. 

Steam generator consists of a Pyrex brand glass Reaction Kettle. 
2000 ml capacity, with cover, Cover Clamp and Electric Heater enclosed 
in a coil of Stainless steel tubing. Autotransformer provides convenient 
control of boiling rate. 


7497. Kjeldahi Distilling Apparatus, Micro, Thomas 
Electric. With six 200-watt heaters, each with separate control, 
7497-C. Principal Glass Part, only for temperatures up to 450°C. Stainless steel housing is 194 
7497-F. Heater, immersion, Return-Bend Tubular Type, inches long. Fume duct is of Pyrex brand glass and in accord- 
Electric, only. Power Aa 750 watts. For 115 volts, ance with A.C.S. recommended specifications for microchemical 
apparatus. Accommodates Kjeldahl flasks 10 ml, 30 ml or 
5450-K. Cover Clamp, only.......sescceeee 10,80 100 ml capacity, making the apparatus suitable for micro or 
semimicro analysis. 


Disc-shaped heaters embedded in refractory cement are 
spaced 3 inches from center to center on transite top and are 
separated from controls by a ventilated air chamber. Stainless 
steel heater tops have a 26 mm diameter opening to take 30 or 
100 ml Kjeldahl flasks. Readily insertable wire gauze discs are 
available for use in heater tops for supporting 10 ml Kjeldahl 
flasks or tubes less than 26 mm in diameter. 

Control knobs and switches are insulated by a transite panel from 
the rheostats mounted in ventilated rear compartments. Fume duct, 
516 mm long X 51 mm outside diameter, has six openings 22 mm 
diameter and drains through 7/16-inch o.d. outlet. Fume duct is sup- 
— by two slotted aluminum clamps attached to wing-shaped 

ckets at rear corners of housing. Flexible arrangement of clamps 
permits easy adjustment for flasks or test tubes up to 12 inches long 
at any desired angle. 


7498-E. Kjeldahi Digesting Apparatus, Micro, Th Lab , Electric, 
as above described, with six independently controlled 200-watt heaters. ‘Complete 
with six heater tops for 30 or 100 mi Kjeldahl flasks, fume duct of Pyrex brand 
glass, two clamps with locking bolts to support duct, and 4 ft., 3-wire connecting 
cord with 2-prong attachment plug cap and grounding tail. For use on 115 volts, 
a.c. or d.c. Maximum power consumption 1200 watts...... 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 
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PRECIPITATION from HOMOGENEOUS SOLUTION 


By Louis Gordon, Case Institute of Technology, Murrell L. 
Salutsky, Washington Research Center, and Hobard H. 
- Willard, University of Michigan. Bringing together much 
information widely scattered in the literature, this is 
the only book devoted wholly to this subject. It de- 
scribes a new and more efficient precipitation process 
which is capable of extensive use, and is a source of 
analytical procedures and separation methods (including 


how fractional precipitation separations may be inm- 
proved). Some of the newer theories on the coprecip ta- 
tion phenomena arising from recent work using this 
technique are also presented. Furnishes useful infor na- 
tion for those wishing to develop their own method, of 
precipitation from homogeneous solution. 1958. Apyox. 
212 pages. Illus. Prob. $7.50. 


ORGANIC SEQUESTERING AGENTS 


A Discussion of the Chemical Behavior and Applications of Metal Chelate Compounds 
in Aqueous Systems 


By Stanley Chaberek, Dow Chemical Company, and 
Arthur E. Martell, Clark University. This is the first 
relatively complete discussion of the properties and 
applications of sequestering agents in aqueous solution. 
It includes applications in the chemical laboratory: 
separations of metals, and titration of metals; applica- 


tions in the study of biological systems: e.g., metal 
buffers, and catalysis by metal ions and metal chelates; 
commercial applications: e.g., textiles, detergents, 
metal cleaning, and dyes. Also contains a completely 
up-to-date discussion of the principles of chelation 
1959. Approx. 596 pages. Illus. Prob. $18.50. 


HANDBOOK of CHEMICAL MICROSCOPY, Volume I, Third Edition 


Principles and Use of Microscope and Accessories 
Physical Methods for the Study of Chemical Problems 


By the late Emile Monnin Chamot, formerly of Cornell 
University; and Clyde Walter Mason, Cornell University. 
Thoroughly revised and modernized, the new Third 
Edition emphasizes basic principles of instruments and 
methods, rather than description of apparatus or routine 
manipulative directions. Explanations, illustrations, and 
experiments are designed to aid the independent student 


of fundamentals and advanced techniques, with extensive 
and selected bibliographies included to launch the reader 
on special investigations or novel applications. It offers 
new material on electron microscopy, pense size, Col- 
loids, optical properties of crystals and aggregates such 
as polymers and tissues, plus a new polarization color 
chart. 1958. 502 pages. Illus. College Edition, $11.50. 


BIOCHEMICAL PREPARATIONS, Volume VI 


Edited by Carl S. Vestling, University of Illinois. This 
volume, like the others that preceded it in this series, is 
distinguished by the soundly tested procedures that it 
offers to researchers. Described in great detail, these 
8 ane lead to the isolation or synthesis of research 

iochemicals, and include full characterization data. 
Among the preparations are: Crystalline Animal Cyto- 
chrome c; Deoxyribonucleic Acid; 2,3-Diphospho- 


glyceric Acid; L-a-Glycerophosphorylcholine; 3-Hy- 
droxyanthranilic Acid; Lanosterol from ‘‘Isocholes- 
terol; Leucine Aminopeptidase; a-Methylserine and 
Bis-CHydroxymethyl)-Glycine; Preparation of Crystal- 
line Muscle Phosphorylase 6 and Conversion to Phos- 
phorylase 4; Phosphoserine; Ribonucleic Acid; Ribu- 
lose Diphosphate. 1958. 105 pages. $5.25. 


ORGANIC SYNTHESES, Volume 38 


Edited by John C. Sheehan, Massachusetts Institute of 
Technology. Representing the work of 49 contributors, 
this latest addition to the well-known annual series con- 
tains 31 new syntheses. These tested preparations serve 
as a reliable source of detailed, practical directions for 
valuable intermediates, and as models for related reac- 
tions. Each preparation has been checked independ- 


ently in the laboratory of one of the Editors. Includes: 
2-Benzy! 
aminopyridine; Diphenylacetaldehyde; N-Ethyl-p- 
chloroaniline; Hendecanedioic Acid; Monobromo- 
pentaerythritol; — Acid. 
1958. Approx. 128 pages. Prob. $4.00. 


The PETROLEUM CHEMICALS INDUSTRY, Second Edition 


By Richard Frank Goldstein, The British Oxygen Co., 
Ltd. This new, revised edition reflects the progress 
made in the study of the fundamental chemical Bc of 
petroleum chemicals, its applications, and its com- 
mercial outlets. The author concentrates on major 


products, and covers inorganic compounds (primarily 
ammonia and sulphur). Two new chapters, on the his- 
tory of the industry and on economics and statistics, 
have been added. 1958. 458 pages. Illus. $16.50 


Send for your examination copies today. 


JOHN WILEY & SONS Inc. 


440 Fourth Avenue, New York 16, N.Y. 
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PHOTO BY WILL CONNELL 


An almost invisible sample of xylene...barely one-tenth of a microliter...produced this spectrum in 
8 minutes, right at the chemist’s bench. % The instrument used was Beckman’s low-cost double- 
beam IR-5...the infrared spectrophotometer chemists are using in their own labs for rapid, reliable 
analysis of solids, liquids and gases. % The IR-5 is the only instrument in its price range that can 
accurately analyze such small amounts of sample as the xylene droplet on the tip of the capillary 
tube pictured here. It’s the only one with horizontal recorder and full-size chart. And that’s not all. 
™ You’ll find the complete story of the double-beam IR-5 in a brand new booklet. Write today for 


Data File L-42-36. ° 
Beckma Scientific Instruments D “sion 


2500 Fullerton Road, Fullerton, C ‘fornia 
a division of Beckman Instrument Inc. 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS © pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 


far: 
Fat “2 SP 


ANNOUNCING... 


KERN LABORATORY SUPPLY COMPANY'S 
exclusive North American Distributorship of =EXELO 
interchangeable, all glass 


FEATURING REVOLUTIONARY DESIGN 


AND PRECISION ENGINEERING... 


Oniy KERN-EXELO stopcocks can be 
used without lubricants or messy vacu- 
um greases! Optically ground flat sur- 
faces on molded stopcock body and 
key provide perfect seals. There is 
absolutely no leakage, no sticking even 
when these stopcocks are used with 
potent caustic soda solutions. Curved 
channel in key connects flow through 
tubes when positioned correctly, locks 
perfectly when closed. 


DOUBLE-DUTY — The same KERN- 
EXELO stopcock can be used under 
high vacuum as well as in conventional 
stopcock areas, resulting in tremendous 
savings over double purchases... and 
KERN-EXELO stopcocks are built to last 
through intensive laboratory use. 


KERN-EXELO all-glass interchangeable 
stopcocks are easy to operate and con- 
trol. 


Unique interchangeable hexagonal keys 
give these stopcocks the greatest 
strength and convenience. Fine adjust- 
ments can be perfectly made for non- 
slip, accurate measuring. Spring fitting 
key cannot drop out as with old-type 
stopcocks. 


HEAT RESISTANT BOROSILICATE 
GLASS in KERN-EXELO stopcocks has 
same co-efficient of expansion as the 
Borosilicate glass you are now using in 
your laboratory. 


MANUFACTURED BY A NEW PATENTED 
PROCESS IN ENGLAND (U. S. patent 
pending). Extensive tests of KERN- 
EXELO stopcocks have been made in 
laboratories all over England where 
tremendous quantities have been sold. 
Technicians acclaimed the KERN-EXELO 
stopcock as a completely revolutionary 
innovation in the laboratory glassware 
field. They are manufactured to exceed 
even the most exacting standards of 


The base of the stopcock is a molded 
body, the surface of which is optically 
flat with holes in it, connecting to two 
tubes which are fused to opposite sides. 
The key is a similarly molded part with 
one surface optically ground and having 
a curved channel which connects the 
flow through the tube. The two parts 
are held together by a spindle and a 
spring retaining clip. The hexagonal 
design of the key makes it easy to 
operate and control. The high degree of 
accuracy of the ground surfaces insures 
that there is NO LEAKAGE. 


PRICE LIST FOR KERN EXELO STOPCOCKS 
Stopcock, Borosilicate Glass, Straight Bore 


Approx. Quantity Net 
Bore of Per Price 
Stopper Case Each 
2MM 8 3.24 
3MM 8 3.69 
6MM 6 5.48 
Stopcock, Borosilicate Glass, Straight Bore 
Capillary 
2MM 8 3.65 


Stopcock, Soda Glass, Straight Bore, Capillary 
2MM 8 3.18 22.85 
Stopcock, Soda Glass, Straight Bore 
2MM 8 3.04 21.88 
Stopcock, Borosilicate Glass, Burette, Straight 
2MM 8 3.45 24.84 
Stopcock, Soda Glass, Burette, Straight 


Net Price Per 
Case in Assort- 
ments of 10 cs. 


22.25 
25.27 
28.11 


24.96 
21.71 
20.78 
23.62 


todays modern laboratories. KERN- K-5030 2MM 8 3.23 23.28 22.12 


EXELO stopcocks are available NOW 
for the first time in the United States. sole manufacturer: W. G. FLAIG & SONS, ENGLAND 


WRITE FOR COMPLETELY ILLUSTRATED 
BROCHURE ON STOPCOCKS, 
BURETTES, AND SEPARATORY FUNNELS. 


KERN LABORATORY SUPPLY CO. 


TExas 0-2734 ¢ 8639 Venice Boulevard, Los Angeles 34, California 
OUR PRICES ARE BELOW ALL Branch 


COMPARATIVE PRODUCTS. YUkon 2-8264 e 351 Bryant Street, San Francisco 8, California 
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Harshaw Scientific Offers 
Laboratories National Service 


on a Local Basis 


GLASSWARE 

APPARATUS 

EQUIPMENT 
—— FURNITURE 


e-OAKLAND CHEMICALS 


MARILLO ATLANTA 


ROUG 


Houston 


sranonas * Our Branch Warehouses and Sales Offices are strategically 
pth any Pde ate located to serve you. Select the one nearest you and contact 
Tel. VUlcan 3-2424 them today. Our combined stock, which is probably the 
CINCINNATI 13, OHIO largest in the country, is at your disposal regardless of where 
+ yt aay it is located. Tell us what you need. We'll get it to you, 
DETROIT 28, MICHIGAN when you need it. 
Harshaw Scientific, Division of The Harshaw Chemical Company is unique 
HOUSTON 11, TEXAS among laboratory supply houses. We know what laboratories require since 
6622 Supply Row ourcompany employs several hundred chemists, scientists, engineers and techni- 
cians in its many research, development and control laboratories and we stock 


Tel. WAlnut 3-1627 
LOS ANGELES 22, CALIFORNIA accordingly.— Glassware - Apparatus - Equipment - Furniture - Chemicals 
3237 So. Garfield Ave. 


PHILADELPHIA 48, PA. ASHAW 
Jackson & Swanson Sts. — 7 Division of the Harshaw Chemical Company 


Tel. HOward 2-4700 Cleveland 6, Ohio 


SALES OFFICES @ 

AMARILLO, TEXAS, 3409 S. Jackson Street © ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 3-3560 © BATON ROUGE 6, LOUIS!ANA, 

3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 © BUFFALO 2, NEW YORK, 260 Delaware Avenue, Tel. GArfield 9-2000 

HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 5-8250 © OAKLAND II, CALIFORNIA, 3826 Piedmont Avenue, Tel. Olympic 5-551! 
PITTSBURGH 22, PENNSYLVANIA, 504 Bessemer Building, Sth St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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Unretouched photographs taken during the incineration 
of S&S Ash-Free Analytical Filter Paper 


Platinum crucible with 20 gr. 
1, sa Ashfree Analytical Filter Paper. 2. Ash at end stage of incineration. 3. Crucible after completed incineration. 


Ask for S&S “Ash-Free” Analytical Filter Papers 


For many years S&S Ash-Free Analytical Filter And, improved S&S methods of research coupled 
Papers have been known for their extremely low with rigid quality control methods, assure mainte- 
ash content. They have been the choice of nance of S&S low ash standards lot after lot, for 
chemists who must have the most precise work- unsurpassed precision. 

igteck. Ask your laboratory supply house for S&S Analyti- 
To our knowledge, there is no filter paper with cal Filter Papers—the finest, most precise filter 
lower ash content on the market. In fact, ash con- paper you can specify. Yet S&S quality costs no 
tent of S&S Quantitative Papers is considerably more. If you would like to receive a free S&S 


lower than all other papers we have tested — less Filter Paper Sampler, described on this page, just 
mail the coupon below. 


Carl Schleicher & Schuell Co. 


MAKE YOUR OWN TESTS Dept. CJ-811, Keene, New Hampshire 
with a Gentlemen: 
REE S&S SAMPLER Please send me, free, an S&S Filter Paper Sampler. 


Mail the coupon for a free S&S Filter 
Paper Sampler made up of many grades. 
There is no obligation. 


OUISIANA, 
id 9-2000 
pic 5-6511 
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Prevent Accidents with Acid-Proof 


STANDARD 


Quick Procedure... No Loss 


NO NEED TO LIFT OR TILT... 


Just squeeze bulb gently (Fig. 1) and liquid will flow quickly into receptacle. 
Whether bottle, drum, can or barrel, the container remains stationary through- 
out entire operation. To stop flow from the pump, press stop valve gently 
(Fig. 2). 


pr see 


Turning the delivery tube upward (Fig. 3) will force remnant to flow 
back into container. 


RETURNS EXCESS TO CONTAINER... 


By dipping delivery tube (Fig. 4) into discharged liquid— pressing bulb—and 
pushing‘valve button until only desired amount is left in the receptacle. 


UNAFFECTED BY MOST SOLUTIONS, including: 


ALCOHOL LIQUID AMMONIA NITRIC ACID 
DETERGENTS FORMIC ACID INKS 
ESSENCES LACTIC ACID TURPENTINE 
GASOLINE MURIATIC ACID PETROLEUM 


FORMALDEHYDE SULFURIC ACID TINCTURES 
OILS 


Apparatus consists of: Siph-O-Pump, flow tube, extension tube, discharge 
tube and acid-proof stopper. For use with solvents, plastic tubes may be 
replaced by glass tubes. Please specify size of stopper when ordering. 


Cat. No. JC-84542 "SIPH-O-PUMP” A—delivers approximately 1% gallons per 


Cat. No. JC-84543 “SIPH-O-PUMP” B—delivers approximately 3 gallons per 


EXTRA STOPPERS, ACID-PROOF 


45 MA FOR PUMP... 
37 x 52 MM FOR ‘A’ OR 'B’ 
45 x 60 MM FOR ‘A’ OR 'B’ 
55 x 70 MM FOR ‘A’ OR 'B’ 


STANDARD SCIENTIFIC 


y NEWY N. a CHEMICALS 
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GIBBERELLINS AND PLANT GROWTH 


Submitted by: James P. Roye, Dongola Unit School, Dongola, Lllinois 


PREPARATION 


*repare aqueous solutions of 200, 400, and 1000 
p.)).m. (parts per million) gibberellic acid. Solutions 
shuld be refrigerated if stored for extended periods. 

secure bush varieties of snap beans and lima beans. 
Use dwarf varieties of field corn, sweet corn, milo 
maize, and garden peas. Radishes, lettuce, etc., may 
also be used. Plant in greenhouse flats or other shal- 
low wooden boxes, using vermiculite or loamy garden 
soil. 


DEMONSTRATION 


To show the role of gibberellic acid in helping break 
the dormancy of seeds, soak one third of each variety 
of seeds for 24 hours in 1000 p.p.m., another one third 
for 48 hours, and the remaining one third as controls 


THE REMOVAL OF IONS BY METATHESIS 
REACTIONS 


Rewritten from: Frank D. McClelland, Pikeville College, J. Cuem. Epuc. 7, 1579, (1930), by F. B. Dutton 


Checked by: 


PREPARATION 

Provide a 600-ml. beaker (mechanical stirrer op- 
tional), buret, pipet, a clear solution of barium hy- 
droxide (about 0.05 M), sulfuric acid (0.05 M), phenol- 
phthalein and methyl orange indicators, and a con- 
ductivity apparatus consisting of a 40-watt lamp in 
series with electrodes and 110-volt a.-c. line. 


DEMONSTRATION 

Put 200 ml. of distilled water in the beaker (pref- 
erab'y mounted on a light box), add 10-25 ml. barium 
hydroxide solution, a few drops of phenolphthalein, 
and insert electrodes of the conductivity apparatus. 
Add sulfuric acid slowly through the buret, stirring 
cons'antly. Observe in succession: intensity of lamp, 
formition of precipitate, light from lamp extinguished, 


Ciecked by: C. John Thede, Roseville Junior High School, Roseville, Michigan 


C. N. McCarty, Michigan State University, East Lansing 


in tap water. Plant all seeds at the same depth. 
Observe the differences in germination and subse- 
quent growth rate of all plots. 

Plant three other plots without treating seeds to 
demonstrate foliage application of gibberellins. When 
well up, apply 200 p.p.m. to one third of the plants, 
400 p.p.m. to a second third, and carefully protect 
remaining third as control plants, especially if a spray 
method of application is used. A cotton swab can be 
used. Repeat foliage application at seven-day inter- 
vals. Record growth rates. 


REFERENCES 


West, CHARLEs, J. CHEM. Epuc. 35, 42 (1958). 
Wittwer, 8. H., anp Buxovac, M. J., American 
Vegetable Grower, April, 1958. 


Journal of Chemical Education November, 1968 


and discharge of indicator color. At this point, add 
methyl orange indicator and observe reappearance 
and increase of light intensity from lamp, change in 
color of indicator, and return of lamp to original in- 
tensity. Ask class to explain observations. 


REMARKS 


Whether lamp is extinguished before or after the 
indicator color depends on electrode surface area and 
proximity and type of lamp bulb. 


Eprror’s Note: Many “Old Faithfuls’’ published in the early 
issues of THIS JOURNAL belong in the repertoire of the successful 
demonstrator. Even though these have appeared in print be- 
fore, we hope that younger readers will consider it a service to 
have these republished in a form consistent with our present 
clip-and-file feature, ‘“Chem Ed Tested Demonstrations.”’ 


Journal of Chemical Education November, 1958 
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$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 


POWER 
BORE 


Designed and manufactured by E. H. Sargent & Co. 


PRECISE 
BORING 
IN SECONDS 


Fast and Easy To Use 


Efficient Boring 
Accurate Smooth Holes—You can bore as many 


holes as the area of the cork or stopper will allow. 
Insures Parallel Alignment of Borings 
Compact—Portable—Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled » ing 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
115 volt, 60 cycle A. C. circuit .................. $150.00 


For complete information write for bulletin No. PB 
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TWO GREAT NAMES IN THE 


«<g> CHEMICAL INDUSTRY 
make possible this 


The Dow Chemical Company and the J. T. Baker 


een Chemical Co. are pleased to announce that established resins are available from the a 
Dowex* ion exchange resins, in all laboratory quan- following laboratory supply houses: = 
tities will be sold by J. T. Baker through the laboratory Amend Drug & Chusstent Co. te 
supply houses which now distribute ‘Baker Analyzed 
Reagents and other Baker laboratory chemicals. This 5. & H. Berge 
plan offers chemists both convenience and speed. €e. 
Orders are serviced promptly from these strategically Burrell Corp. 
Carolina Biological Supp'y Co. 


located distributors. 


asy To Use A Wide Selection. The 34 ion exchange resins offered will meet most & 
application requirements, and include diverse types, cross- c & Co. 
e as man linkages (porosities) and mesh sizes. Dowex 50W —a light- = ba ao _ Ble. 
Y colored, strongly acidic, cation exchange resin—is offered Dooner & Smith Chemical Co. 
in 19 variations of crosslinkage and mesh size. Dowex 1, 2, oo ae Son Co., Inc. 
will allow. and 21 K —strongly basic, anion exchange resins — are Supply Co. 
offered in 8, 3, and 3 variations, respectively. Dowex 3 — mg roy —- 
f B . a weakly basic resin -- is available in the usual 20-50 mesh. Emil Greiner Co. 
of borings Actual Lot Analysis. Dowex ion exchange resins are supplied as : Haviland Products Co. 
B af ‘Baker Analyzed’ Reagents, each with the actual lot analy- Heil ey a 
sis on the label. Beside the regular Dow description, the 
wane J. T. Baker label reports the actual total exchange capacity, Kal — fie Co. = 
moisture content and wet screen analysis. Convenient shelf- Arthur S. La?ine & Co. 
size glass bottles with plastic caps are used for packaging. Lehigh Valley — Co. 
moves stop- Of Growing Importance. Dowex ion exchange resins receive wide- Macalester & Bicknell Co. 
d and increasing use in such laboratory and research ae Ss oe 
w shaft and spread an g ry ‘ New York Laboratory Supply Co., Inc. 
applications as water treatment; recovery, separation and Para Laboratory Suppiy 
with the in analysis of metals and non-metals; purification and isola- Phipps & Bird, Inc. 
ae. tion of organic chemicals, natural products, and pharma- Physicians & Hospitals Supply Co. 
e of the cut B. Preiser Co., inc. 
b life ceuticals; acid or base catalysis; removal of acids and Rigby Scientific Co. 
— bases; and in biochemistry. Roemer-Karrer Co. 
inches; MH. Sargent & Co. 
Free—New 16 “page bulletin on ‘Baker Analyzed’ Reagent Dowex : Schaar & Co. 
1g tubes in- resins. rite J. T. ‘Baber 's Department DR ¢. Equipment 
nurled » ing For prices and delivery, consult your favorite laboratory Scientific Supplies Co. 
inum oxide supply house. Seidler Chemical & Supply Co. 
‘ation from *Dowex is a registered trademark of The Dow Chemical Company. Stansi so 
$150.00 Arthur H. Thomas Co. 
J.T. Baker Chemical Co. 
Cave & Ca., itd. 
Phillipsburg, New Jersey Scientific Supplies Ce., Lid. a 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS AND 
EQUIPMENT 


> Stopcock assemblies equipped with a 
new constant-pressure retainer clip have 
been introduced by Corning Glass Works, 


Corning, New York. Made of tempered 
spring steel, coated with corrosion-resist- 
ant finish, the “Pres-sure Clip’? has no 
stops. With a 360-degree free stopper 
rotation, it operates in any position; can 


More modern labératories choose 


CHEMICAL PORCELAIN SINKS 


Why? Because these are sinks that match the modern labora- 
tory’s requirements for superior corrosion resistance, beauty 
and ease of maintenance today . .. plus proven durability 
and trouble-free service for the years ahead. 

“U.S.” Laboratory Sinks are solid, corrosion-resistant chemi- 
cal porcelain right through . . . thus, can safely handle the 
most severe corrosives. The special porcelain body enables 
these sinks to withstand any heat shock they may encounter. 
Cast in rugged one-piece construction without seams or 
joints, they have smoothly rounded corners for easiest clean- 
ing .. . a modern, glass-smooth gray glaze finish that retains 
its attractive sanitary appearance. Can’t peel or chip off ... 
and because it’s completely non-absorbent and non-staining, 
it never needs honing or scouring. 

These sinks are available in a wide range of standard types 
and sizes for prompt delivery. Check with your Laboratory 
Furniture Dealer today and compare the unique, high-quality 
features of “U.S.” Chemical Porcelain Sinks . . . or write 
direct for fully illustrated Catalog L-8. 


CHEMICAL | 
CERAMICS | 
DIVISION | 


be easily assembled or disassembled on t ie 
job. 


A marked improvement in routi ie 
laboratory weighing has been announc.:d 
by Henry Troemner, Inc., in the introdi c- 
tion of its new Troemner/400 series of 
precision balances. Complete informati )n 
is available from the manufacturer, 22 id 
and Master Sts., Philadelphia 21, Per n- 
sylvania. 


Mallinckrodt Chemical Works into- 
duces a new superior package, a 1-lb. } y- 
drofluoric acid bottle made of ‘Mark ,” 
polyethylene. This new patented n- 
tainer is more functional than previc is 
hydrofluoric acid bottles because of ‘ts 
special, controlled-delivery closure which 
permits drop or flow action at any time. 


A newly establishe? Chromatographic 
Materials Department, announced by Ie- 
search Specialties Co., 2005 Hopkins St., 
Berkeley 7, California, provides for the 
first time a single source of supply jor 
small lots of the great variety of substances 
and reagents used in laboratory applica- 
tions of the various chromatographic 
processes. 


» E. H. Sargent & Co., 4647 W. Foster, 
Chicago 30, Illinois, announces a new com- 
bination hot plate and magnetic stirrer 
with a 750 watt maximum output. 


>» Industrial Instruments announces a 
new series of Jaboratory ‘‘standard”’ cells 
for checking “working” conductivity 
cells. They are available from Industrial 
Instruments, Inc. of 89 Commerce Rd., 
Cedar Grove, New Jersey. 


» A compact, bench type radioactivity 
detector, ‘automatic radiation  super- 
visor,’’ just announced, is said to provide 
effective warning and environmental mon- 
itoring of beta and gamma radiation in 
laboratory areas. The manufacturer is 
BJ Electronics, Borg-Warner Corp., Santa 
Ana, California. 


p» The Barnstead Still and Sterilizer Co., 
Lanesville Terrace, Boston 31, Massa- 
chusetts, announces a new submicron 
filter Model MF-25 for use in laboratory 
work, pharmaceutical manufacturing, «nd 
wherever an exceptionally pure water sup- 
ply is desired. The unit is for use pri- 
marily with distilled or demineralized 
water where it removes particulate matter 
down to 0.45 micron. 


Hevi-Duty Electric Co., Milwaukee |, 
Wisconsin, announces a new line of molyb- 
denum tube furnaces, capable of opera‘ ing 
at temperatures to 3000°F. Three st: nd- 
ard sizes of single-end or double-end | ur- 
naces are available, or special designs «ali 
be built to customer specifications. \sk 
for Bulletin 758. 


» The Kern Laboratory Supply Co., 5139 
Venice Blvd., Los Angeles 34, Califo: ia, 
has the American distributorship fi 2 
unique line of all-glass stopcocks, m: 1u- 
factured by W. G. Flaig & Sons, Lt: of 
London. The base and key of the stop: ck 
are molded parts with optically gro ind 
flat surfaces, held together by a spi dle 
and spring retaining clip. A connec ing 
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channel insures an accyrate, non-restricted 
flow through the tubes. When locked, the 
sto} cocks are completely non-leaking. 


p \ new gas-oxygen bench burner for 
gen ral-purpose use in laboratories and 
gla-- shops has been developed by Bethle- 
hen. Apparatus Co., Inc., Hellertown, 
Pen sylvania. 


» .. new line of Fabco electromatic bu- 
rett.s, which permit precise pushbutton 
con‘ rol of fluid flow, is now being offered 
by he Houston Glass Fabricating Co., 
P. (. Box 9032, Houston, Texas. 

F\ control is achieved through sole- 
noid assemblies, consisting of a coil which 
is sli ped over the burette to surround the 
valv: area, and an interior metal valve 
whic) acts as the core. To dispense fluid 
from: the burette, a micro-switch is 

pressed. This sets up an electromagnetic 
held, opening the valve in the interior. 
The units have been designed for use with 
110-volt a.-c. circuits. Since the metal in- 
terior valve is completely glass-coated, 
fluids in the burette never come in contact 
with any material other than glass. No 
lubrication is ever needed. 


p A new inexpensive, disposable decanter 
has been developed by J-Line Products, 
Minneapolis 20, Minnesota, that enables 
the transfer of liquid under protective 
layers of oil from one container to another. 
Stratified and contaminated liquids, in- 
cluding radioactive, can also be decanted 
safely, efficiently, and inexpensively. A 
disposable specially processed polyamide 
tubing called Nylaflow, is the only part of 
the J-Line decanter that contacts the fluid. 
This flexible Nylaflow tubing permits the 
accurate adjustment of intake and dis- 
charge level that is essential in decanting 
stratified liquids. The translucent tubing 
is pushed through the holder to where the 
intake end is at the bottom of the desired 
layer to be transferred. Air pressure then 
forces the liquid up the tube and into the 
discharge container. In transferring an- 
aerobically both ends of the tube are in- 
serted to the bottom of each container well 
beneath the protective layer of oil or other 
liquid used for this purpose. 


» A recording amino acid photometer has 
been announced by Phoenix Precision In- 
strument Co., 3803-05 N. 5th Street, 
Philadelphia 40, Pennsylvania. The flow 
photometer unit can be used with com- 
mercially available metering pumps 
and accessory chromatographic equip- 
ment. The photometer assembly consists 
of three individual photometer units, each 
having a monochromatic light source, op- 
tical svstem, and photosensitive receiver. 
A preision flow absorption cell traverses 
all three individual photometer units to 
monitor the stream at wavelengths of 440 
mmu ind 570 mmu, a special design fea- 
ture « .ables the effective light absorption 
path .f the third photometer unit to be 
short: ied, thus providing a wide range of 
sensit vity. The recording unit prints 
three --parate absorbance curves in multi- 
colore | dot. 


> and dise integrator is now avail- 
able +. kit form for easy installation in 


(Continued on page A541) 
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Practical Simple Design General Utility 
Welch TWO-STAGE DUO-SEAL VACUUM PUMP 


OUTSTANDING PERFORMANCE 


GUARANTEED FREE AIR CAPACITY | 
VACUUM 21 Liters Per Min. 


PAT. No. 


0.1 Micron 2,337,849 
VISIBLE OIL | 
OPERATING 
SPEED No Splash— 
450 R.P.M. 4 No Oil Back-up 
Ys H.P. Motor | 
1725 RPM € Trouble-free | 
e Movement 
Belt 
Tightening — Quiet 
Provision Running 
€ 
Extra Supply 
of Duo-Seal Oil DUO-SEAL VACUUM PUMP 
(Motor Driven) 
Complete with Motor PRICE $133.00 


Totally Enclosed Belt Guard for 1400 B Pump $15.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880- 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


NOW...no need for costly glass funnels! 


NALGENE does the job without breakage... is SAFER! 


NALGENE [nH] eliminates breakage . . . gives dependable, 4 Angled 


long-lived service. internal 
NALGENE [H] is economical . . . not only is the initial cost ribbing 
lower than glass but, with no broken equipment to replace, the original ineures 
investment is the only expense. 
tration. 
NALGENE gives top performance ... these funnels are 
considered to be the very finest on the market regardless of price. ribbing 
prevents 
Ask your dealer for catalog G-358 porary 


*Brand name for Nalgene Polyethylene ware. 


TOP 1.0. mm 35 55 65 75 90 100 160 
STEM LENGTH mm 50 60 65 75 90 100 125 


PAPER DIAM. mm 55 90 110 125 150 185 240. ALGE (() Inc 
NO. IN CASE 36 36 36 36 24 24 
R 


EACH 26 .30 35 .48 62 .76 1.60 


‘CHESTER 2. NEW YORK 


Discounts: Less 10% in case lots; less 15% in 5 case 
assortments; less 20% in 20 case assortments. 


World's largest producer of Plastic Laboratory Ware! 
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The newly designed chuck has a self-aligning nylon 
collet, and complete versatility accepting glass or 
metal rods %4 to % inch diameter. The new chuck 
with nose piece of gold anodized aluminum is made 
from materials resisting corrosion, eliminating many 
problems. 


Large graduated speed reference dial per- 
mits setting and resetting to desired speed 
while motor is running. 


DAIGGER ROTO-JET STIRRER 


The Daigger Roto-Jet consists of a number 
of small conical tubes mounted round the 
periphery of a set of discs. One set is fitted . 
to the bottom of the shaft. Above this set, 
adjustable up or down the same shaft, is 
assembled a second set. Others may be 
added according to the height of the vessel. 
Roto-Jet promotes a very high velocity of 
flow through the entire vessel, ensuring 
Maximum Dispersion with Minimum Particle 
size. 
Single Roto-Jet with 5/16” rod 
Extra Roto-Jet set of tubes 

(as sh 


in the 
high torque 


> DIAL- SPEED 
Stinrer 


@ CONSTANT TORQUE 
AT ANY SPEED 


@ GOVERNOR CONTROL 
@ EXPLOSION SAFE 


Three Speed Ranges Available! 


Low speed range, 80 to 1200 rpm 
High speed range, 200 to 3000 rpm 
Resin Slurry range, 80 to 600 rpm 


Daigger DIAL SPEED stirrer combines a unique centrif- 
ugal governor control with a gear reduction drive to pro- 
vide constant torque at any speed. Changes in vis- 
cosity of material or abnormal voltage variations do not 
affect DIAL SPEED. Torque remains constant at low 
speeds where rheostat controlled motors suffer severe 
power reductions. 


DIAL SPEED is explosion safe for use in hazardous 
locations. Simply connect PRESSURE PORT (hose 
nipple on motor) to a compressed air line. Air flow 
pressure prevents build up of explosive vapors in fully 
enclosed motor. 


DIAL SPEED also features hollow drive shaft to allow 
raising and lowering of ‘stirring rod without disturbing 
setup. Rods up to 5/1,” diameter can be used. Large 
universal chuck to accommodate all sizes of stirring rods 
up to */,” diameter. Equipped with automatic over- 
load protector. 


All Daigger DIAL SPEED Stirrers are built for opera- 
tion on 115 V, A.C. and standard equipment includes 
mounting rod, assembly and chuck, less shaft and 
propeller.. 


S-6540-A Low Speed Stirrer $99.50 
S-6540-B High Speed Stirrer 99.50 
$-6540-C Resin Slurry Stirrer 99.50 


$6635 nee shaft and propeller 12” for dial 


$6640 
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OUT OF THE NALGON FLEXIBLE PLASTIC 


Editor's Gasket TUBING 


st-ndard Brown Electronik or Bristol 
Dvnamaster recorders. The installed in- 
tecrator kit is entirely contained within 
th ease of the recorder. The variable in- 
put is taken directly from the recorder pen 
drive system. The time input is supplied 
b, asmall geared synchronous motor. The 
output is recorded directly on the chart by 
a pen mechanically connected to the inte- 
gr tor unit. This pen’s motion is continu- 
ou-, traveling in back and forth strokes at 
a peed proportional to the recorder pen 
po-ition. Areas are read by counting the 
pe strokes. If a digital type readout is 
preierred in place of the chart presenta- 
tion, a remote reading counter can be 
supplied. 

Yor descriptive brochure, and a reprint 
of article entitled Peak Area and Peak 
Height Measurement Techniques Increase 
Quantitative Accuracy in Gas Chromatog- 
raphy, write to Disc Instrument Co., 12671 
Bubbling Well Rd., Santa Ana, Califor- 
nia. 


by NALGE | 


PROPERTIES: lasting flexibility . . . 
water-clear transparency . . . excellent dimensional stability | 
high chemical resistance. ; } | 

DATA: 40 different sizes from 4” ID 
to 2” ID. Economical... the 44” ID costs 
less than 15¢ per foot. 


All Nalgon tubing bears the brand name 
for your protection. 


your 
“dealer for 


» \ new enclosed superspeed centrifuge, 
the Servall SS-4, has a control panel that 
lifts out from the basic instrument heous- 
ing so that remote operation may be read- 
ily achieved. Centrifugal forces up to 
34,800xG are obtainable with the type 
§S-34 rotor, which has a maximum capac- PER C. FT. $6.30 $14.30 $23.10 $63.00 $81.00 
ity of 400 ml. divided between eight 50- WORLD'S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 
ml. compartments. The type GSA rotor 
can take up to 1770 ml. at speeds reaching 
9500 rpm. Continuous flow operation is 

also possible with special adaptors. For 
literature, write to Ivan Sorvall, Inc., 

Pearl St., Norwalk, Connecticut. 


p> A new pressurized column for prepara- 
tive chromatography capable of separating er — - 
in gram quantities all such mixtures as are prervasasnssaiN mia 
separable on a microscale on single sheets 
of paper, and providing similar definition, 
has been developed by LKB-Produkter of 
Sweden, and is distributed in this country 
by Ivan Sorvall, Inc., Norwalk, Connecti- 
cut. The instrument is named the 3500 
ChroMax Pressurized Paper Chromatog- 
raphy Column System. 

The ChroMax uses a roll of chromato- 
graphic paper wound tightly around a cen- 
tral polyethylene rod and enveloped in a 


seamless polyethylene sheath as the col- Model #117 
umn filling. The roll is placed in a pres- li . 80.00 
sure mantle consisting of a double-walled ist price $80. 


cylindrical tube, with the outer wall rigid 
and the inner wall flexible. When inflated, 
the mantle holds the roll in place and evens 
out any non-homogeneity that may be 
caused by irregular swelling of the paper. pe 

> \ new printing integrator for providing om steel 
automatic printed records of the areas un- 
der ‘hart peaks, such as are produced by a 
gas chromatograph, is announced by Per- 
kin-iImer Corp., Norwalk, Connecticut. 

The Model 194 Printing Integrator prints for comnplete 
digi 1 integrals as the chromatographic informatch RIT 
peas appear on the chart. The integrator for FREE bulletin’ 
tap: travels continuously at the same rate : 
as tie chart paper, so that tape and chart 


(Continued on page A542) 
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Edttor's Gasket 


records may be compared side-by-side. 
The printing mechanism is activated by a 
sensor in the chromatography instrument 
recorder, which evergizes the printer when 
a peak begins to appear. The next integral 
is recorded when the second peak rises 
above zero. To determine the relative 
concentrations of components in an analy- 
sis, the area under each peak is deter- 
mined by subtracting the integral printed 
at the beginning of the peak from the in- 
tegral printed at the beginning of the next 


peak. By adding all peak areas and nor- 
malizing, percentage concentrations can be 
readily calculated. 


» A new 16-page booklet, giving technical 
facts on contact microradiography for re- 
search in biological, paper, textile, metal- 
lurgical, and foodstuff fields, is available 
free from the Instruments Division, 
Philips Electronics, Inc., 750 So. Fulton 
Ave., Mt. Vernon, New York. 

Text includes sections which explain 
the absorption of X-rays and contrast, 
projection microradiography and contact 
mhicroradiography equipment, films and 
magnification, and applications. Illus- 
trated with drawings, photos, and micro- 
graphs, the new booklet covers the prepar- 
ation of specimens with respect to fixation, 


A New Apparatus for the 
Determination of Melting Points 


This new apparatus carries out accurate, 
reproducible melting-point determina- 
tions in minimum time. Three standard 
3”-long capillary melting-point tubes can 
be inserted in the small U-shaped ‘“‘Pyrex’”’ 
brand glass vessel. It requires only 40 ml 
of silicone oil heating medium. Tempera- 
ture response to heating voltage regula- 
tion is practically instantaneous. Rapid 
circulation of the heating medium by the 
stirrer enables prompt temperature equi- 
libration. 

An aperture in the cover plate of the 
U-tube’s front arm accepts a vertical ther- 
mometer (0-360° C). A bearing plate sup- 
ports the lower end of the thermometer 
and the capillary tubes at the same height. 
A second standardizing thermometer can 
be introduced through a side tube. 

The inert silicone oil is a low-viscosity, 
low-specific heat type that withstands 
high temperatures without rapid polymer- 
ization. 

See Changes Easily 
An adjustable magnifying lens with anti- 
glare device provides observation of the 
measuring zone with both eyes. The test 
substance is illuminated from both sides 
by two small bright lights. 


A knob controlled transformer (0-130 
volts) is located in the instrument cabinet. 
Space is provided around the scale for 
marking corresponding temperatures. The 
control knob can be set for rapid heating 
to the melting-point range, then the de- 
termination made by increases of 1 or 2 
degrees per minute. 

Line switch, heating switch, light 
switch and indicator bulb are located on 
the front of the cabinet. A connector with 
@ stopcock for supplying compressed air 
to the cooling device is mounted on the 
back of the cabinet. 


Saves Time Between Tests— 
with or without compressed air 


The small mass of heating fluid plus its 
low specific heat allows rapid cooling. The 
stirrer continues to run after heat and 
lights are switched off to lower the tem- 
perature rapidly for the next test. Cool- 
ing: 10 minutes from 300 to 100° C—to 
60°, 8 minutes more. With compressed 
air times are 4 minutes and 1% minutes. 


For operation on 115 Volt 50/60 cycle A.C. No. 
CE232-21 Melting-Point Determination Apparatus, 
each 


ARTHUR S.LaPINE and COMPANY 


LAPINE 


LASORATORY SUPPLIES « EQUIPMENT - REAGENT AND INDUSTRIAL CHEMICALS 


embedding, sectioning, attaching to slid:s, 
staining, and mounting. 

Paragraphs are included which deal w' th 
examination of opaque and transpare: 
objects, determination of weight per wi 
area of biological specimens, and quan*j 
tative chemical analysis. 


p> A laboratory gas chromatograph « 
signed for air as the carrier gas, rather th 
helium, is described in Technical Bulle i 
15-900 of Davis Instruments, 47 Hall: :k 
St., Newark 4, New Jersey. This inst: 
ment is based on a different principle th 
most gas chromatographs, for its det. 
tors contain specially treated cataly ic 
filaments which utilize the heat generated 
in the catalytic combustion of the coin- 
ponents to be measured to provide the sig- 
nal EMF. Sensitivities to combustijle 
gases in the parts per million range are «b- 
tained. The company also offers a 
“Chroma-Kit”’ (Technical Bulletin 90,5), 
consisting of the catalytic combustion 
and detection cells, for conversion of an 
existing gas chromatograph to the cataly- 
tie combustion principle. 


p> Two new thermal conductivity sensing 
cells for gas analysis and gas chromatog- 
raphy are now available from Industrial 
Instruments Engineering Corp., 89 Com- 
merce Rd., Cedar Grove, Essex County, 
New Jersey. One unit is a light-walled, 
individual cavity type for stabilized or 
elevated temperature applications; the 
other type has a hexagonal open core de- 
sign to provide improved thermal dissi- 
pation in ambient temperature applica- 
tions. Called ‘Therma-Bridge,’’ these 
sensing cells are available with either hot 
wire tungsten or thermistor sensing ele- 
ments. 


p The Beckman IR-7 spectrophotometer 
is the first fully automatic continuous 
scanning instrument of the grating type to 
be made commercially available in this 
country. It utilizes a replica grating in 
conjunction with a sodium chloride prism, 
providing three times as much resolution 
as is possible with conventional double- 
beam, double-prism spectrophotometers. 
Continuous scanning is possible from 650 
to 4000 em.~!, with linear wave-number 
presentation. Scanning speed is variable, 
repetitive scanning is possible, as well as 
variable abscissa and ordinate expansions, 
and choice of double-beam or single-beam 
operation. For a four-page brochure, 
write to Scientific and Process Instruments 
Division, Beckman Instruments, Inc., 
Fullerton, California. 


NEW LITERATURE 


@ A most useful technical aid to the ch m- 
ist is the handbook. As they are rev sed 
annually, it is not practical to include t!:cm 
in our book review section. 

The Chemical Rubber Publishing “0. 
offers the 40th Edition Handbook of C/ m- 
istry and Physics and the 11th Edi‘ion 
C.R.C. Standard Mathematical Tables. “he 
new 40th Edition Handbook is the « aly 
complete volume of the sciences—ch m- 
istry, physics, mathematics—that is 
tinuously revised, annually published. It 
contains over 3300 pages divided into ve 


(Continued on page A544) 
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ra of ortho-xylene, made on an NaCl Model 137 (left) and a KBr Model 137 ( 


2 
right), show extension of infrared analytical ability with new low-cost instrument. 


NEW KBr MODEL 137 INFRACORD’ IS FIRST 
COMMERCIAL INSTRUMENT IN 12.5-25, REGION 


Will open new horizon in low-cost Infrared analysis 


Beyond 12.5. in the infrared lies much important analyt- 
ical information that is difficult or impossible to get at 
the shorter (2.5-12.54) wave lengths. In this farther 
region, for example, are absorption bands that indicate 
specifically the nature of substituents in a molecule or 
fun tional group. Here, too, is freedom from overlapping 
bans — hence, greater convenience and accuracy, and 
less time spent in “reading” spectra. 

These facts are not new. Infrared spectroscopists have 
been attracted to the region for some time. But until 
now there has not been an inexpensive spectrophotom- 
eter capable of measuring the longer wave lengths. 

Pcrkin-Elmer has now developed the new KBr Model 
137 Infracord Spectrophotometer. Similar in design and 
per! ormance to the well-known NaCl Model 137 Infracord, 


it has potassium bromide optics—performs a total scan in 
6% minutes—and operates between 12.5 and 25 microns. 

The Perkin-Elmer KBr Model 137 is the first com- 
mercially available instrument in the KBr infrared 
region, moderately priced at $4,250. 

For descriptive literature, including performance 
data, write Perkin-Elmer Corporation, 870 Main Avenue, 
Norwalk, Conn. 


Price subject to change without notice. 


(NSTRUMENT DivisSton 


Perkin-Elmer 


NORWALK, CONNECTICUT 


ct 


Coleman pH 


are dependable 


For the laboratory: Coleman Model 18A pH Meter AC 
line-operated 0.14 pH, 0-1400 mv, with connections for 
automatic titration. Ready to use, $230.00. 

For full details ask for Bulletin B-221 i, 


For Portability: Coleman Model 20 ‘“(Compax’ 
An ingenious new approach to pH measurement. 
Battery-operated, self-contained, single control. 
Complete with all chemicals ready to use, $200.00. 

For full details ask for Bulletin B-248 


COLEMAN INSTRUMENTS INC., DEPT. B, MAYWOOD, ILLINOIS 
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OUT OF THE 


Edtter's Sarcket 


indexed sections. This new Edition offe: 5 
more than 100 pages of new and revise: 
data which have been compiled by tle 
more than 200 prominent collaborato:. 
Consequently, this latest Edition Han::- 
book is a vital reference aid for scientis's 
and students in all fields of technical wor <. 

New information contained in the 40:h 
Edition Handbook of Chemistry and Phy:- 
ics includes: Transuranium Elements, 
Determination of Sugar, Optical Rotation 
and Melting Point of Certain Sugars, Sp:- 
cific Rotation of Certain Sugars, Isother- 
mal Compressibility of Liquids, Freeziig 
Points, Densities and Concentrations of 
the Calcium Chloride Brines, Nuclear 
Spins and Moments and Relative Sensitiv- 
ities, Superconductivity of Some Meta's, 
Superconductivity of Some Alloys aid 
Compounds, Electrical Resistivity of 
Rocks and Soils, High Permeability Mag- 
netic Materials, Permanent Magnet Al- 
loys, Standard Atmosphere, The Particles 
of Physics, Energy Mass and Velocity 
Relations for the Electron. 

_The 40th Edition is $12. Special rates 
are available to schools and colleges for 
last year’s, the 39th Edition. Write the 
Chemical Rubber Co., 2310 Superior Ave., 
Cleveland 14, Ohio. 


@A new 17-page booklet of technical 
notes on Amberlite LA-1, liquid amine an- 
ion exchange resin, is now available. The 
nature and properties of this liquid ion ex- 
changer are discussed, followed by details 
in the handling and operational steps in 
using this product. Application studies of 
Amberlite LA-1 in hydrometallurgy, for 
the extraction of uranium, thorium, vana- 
dium, and rare earths are presented. This 
booklet is available on request from Resin- 
ous Products Division, Rohm & Haas Co., 
Washington Square, Philadelphia 5, Penn- 
sylvania. 


@ Data sheet on specially refined ana- 
lytical grade ion-exchange resins from 
Dowex materials are covered in a new 
Price List ‘‘M”’ of Bio-Rad Laboratories, 
32nd and Griffin Ave., Richmond, Cali- 
fornia. In addition to listing three types 
of anion exchange resins, one type of cat- 
ion exchange resin, and two types of 
mixed-bed resins with resin properties 
tabulated as a function of cross linkage, the 
new publication also lists prices per pound 
in small and large quantities. A useful 
tabulation of resin considerations «nd 
general properties combine with a selected 
bibliography of books and reviews to 
complete this publication. 


@ A new, integrated line of bench-s:ale 
research equipment specially designed for 
a wide variety of preliminary or expl.ra- 
tory studies in the laboratory is announced 
in Bulletin 658 now available from A\:(0- 
clave Engineers, Inc., 2950 W. 22nd +t., 
Erie, Pennsylvania. The equipment is 
built for pressures up to 5000 p.s.i. [n- 
cluded are valves, fittings, reactors, a1 (0- 
claves, and auxiliary equipment. 


@ A newly released Burrell Bulletin \o. 
(Continued on page A546) 


JOURNAL OF CHEMICAL EDUCAT!ON 


ie. 

eat 

> | 

COLEMAN 


dition offe:s 
and revise 
piled by the 
ollaboraton 
lition Han:- 
for scientis's 
*hnical wor, 
lin the 40:h 
ry and Phy:- 
1 Elements, 
eal Rotation 
Sugars, Sp:- 
ars, Isother- 
ids, Freeziiig 
ntrations of 
es, Nuclear 
tive Sensitiy- 
ome Metais, 
Alloys aud 
sistivity of 
ability Mag- 
Magnet Al- 
The Particles 
nd Velocity 


Special rates 
colleges for 
Write the 
iperior Ave., 


of technical 
id amine an- 
ilable. The 
iquid ion ex- 
d by details 
nal steps in 
on studies of 
tallurgy, for 
rium, vana- 
nted. This 
from Resin- 
& Haas Co., 
hia 5, Penn- 


efined ana- 
resins from 
1 in a new 
saboratories, 
mond, Cali- 
three types 
type of cat- 
o types of 

properties 
linkage, the 
s per pound 
. A useful 
ations «nd 
h a selected 
reviews to 


bench-svale 
lesigned for 
or explora- 
announ:ed 
from Auto- 
22nd “t., 
uipment is 
p.s.i.  [n- 
ctors, 


ulletin Vo. 
46) 


JUCAT!ON 


Slip, but no chip 


with reinforced PYREX funnels 


Ever notice the thick bead that runs 
around the rim of a Pyrex brand 
funnel? It’s there to prevent chip- 
ping should you tip a funnel in your 
work. 

There’s more reinforcement where 
the stem meets the body of the fun- 
nel. And the funnel itself is an- 
nealed from tip to top to make it 
stronger. 


Takes chemical abuse, too. All 
Pyrex funnels are made of PYREX 
brand glass No. 7740, so you get 


top resistance to acids, alkalies, and 
washing solutions. 


Faster filtering fluted funnels. For 
not a penny extra you can equip 
yourself with our special fluted fun- 
nels. These have flow-channels con- 
verging at the filter apex to drain 
papers faster—even when loaded 
with sludgy precipitates. 

Funnels to fit your work. Choose 
exactly what you need from more 
than 270 different types and sizes: 
standard filtering funnels, some with 


fritted glass filters built in, special 
models, too; separatory funnels that 
include light-shielding low actinic 
glass, micro sizes, some equipped 
with needle valves, and many other 
specials. They’re all in our Catalog 
LG-1, along with thousands of other 
PyREXx items. If you don’t have a 
copy, write us at Corning, N. Y. 


CORNING MEANS RESEARCH IN GLASS 


CORNING GLASS WORKS 


PYREx® laboratory ware ... the tested wol of modern research 
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YOU'RE NEVER 
IN DOUBT 
WHEN IT’S 


In the laboratory or hospital, just 
“clean” isn’t good enough. Make sure 
your glassware and equipment are 


“Alconox-Clean.” 


Proven best by test* for over 20 years! 
* for wetting power! 
* for sequestering power! 


* for emulsifying 


Use ALCONOX . 
For all equipment 
washed by hand 
Box of 3 Ibs 
Case of 12 boxes — 

3 Ib. ea.. 
Available in drums of 25, 
50, 100 and 300 Ibs. at 
additional savings! 

(Prices slightly higher 
West of the Rockies) 


SAVE TIME: 


- $18.00 


effect! 


AND MONEY! 


ALCONOX 


The World’s Most 


Thorough Cleaner — 


Yet it costs up to 75% less! 


Eliminates tedious scrubbing — 
Penetrates irregular and inacces- 
sible surfaces — Removes dirt, 


grease, grit, bl 


ood, tissue, etc. 


with amazing ease — Completely 
soluble and rinsable — Gentle to 


the skin — 


Use ALCOJET 
For all equipment 
washed by machine 


| Case of 6 boxes — 


5 Ibs. ea.. .$15.00 


- at additional 
savings! 
(Prices slightly higher 
West of the Rockies) 


Clean Pipettes in one 
easy operation with 
ALCOTABS — for all pi- 
pette washers. Box of 
100 Tablets 


Order from your Supplier 
or ask him for samples. 


ALCONOX,. 


853 Broadway, New York 3, NY. 


Edttor's Gasket 


838 gives facts about temperature control 
in gas and vapor chromatography. In 8 
pages, illuminated by tables and curves, 
questions are posed and answered about 
column temperature, retention time, de- 
tector temperature, resolution and tem- 
perature programming. A graphic com- 
parison of two curves, one of a constant 
temperature analysis and the other a pro- 
grammed analysis with identical samples, 
shows time saved and improvement in 
accuracy under proper temperature pro- 
gramming with a Burrel Kromo-Tog. 
Copies free on request to Burrell Corp., 
2223 Fifth Ave., Pittsburgh 19, Pennsyl- 
vania. 


MISCELLANY 

%* The Chemstrand Corp. announces the 
availability of its new half-hour color mo- 
tion picture, “Fibers and Civilization,”’ 
which reviews the history of fibers and 
fabrics. The film will be distributed by 
Modern Talking Picture Service, Inc., with 
offices throughout the country. 


% During the 1958-59 school year, a 
special teachers’ guide titled Teaching To- 
morrow’s Scientists will be published along 
with Tomorrow’s Scientists, a publication 
for high school science students. Sugges- 
tions on ways Tomorrow’s Scientists may be 
used in the classroom to stimulate ‘‘depth”’ 
discussions of recent science topics and 
how Tomorrow’s Scientists may be made 
an integral part of the science course will 


be included in the guide. References on 
science subjects covered in Tomorrow’: 
Scientists will enable the teacher to ob- 
tain additional knowledge of these sub- 
jects prior to presenting the material in 
the classroom. Send $1 for all eight issue: 
to the National Science Teachers Associa- 
tion, 1201 Sixteenth St., N. W., Washing- 
ton 6, D. C. Group orders of 5 copies to 
one address, $2.50. 


% As a free service to teachers desiring 
a quick reference list of filmstrips coordi- 
nated with curriculum, The Jam Hand) 
Organization, 2821 E. Grand Blvd., De- 
troit 11, Michigan, is distributing it: 
1958-59 catalogue. Listed are more thar: 
700 class-tested filmstrips in 15 curriculun 
areas. These are indexed by grade leve 
and subject areas. Techniques used ii 
production are illustrated with specimen- 
of individual frames. Some of the tech- 
niques are on-the-scene photography i: 
color, art work in color, or combination- 
of both of these. 


% The tremendous rate at which physi- 
cists are making new discoveries in the 
field of nuclear science is seen in the num- 
ber of pages it takes to list information 
about isotopes in a scientific journal. 

In 1940, it required only 17 pages to 
list known isotopes, according to Dr. E. U. 
Condon, editor of Reviews of Modern 
Physics. This year, according to Dr. 
Condon, who is also head of the Depart- 
ment of Physics at Washington Univer- 
sity, in St. Louis, Missouri, the list 
required 319 pages, and was issued as a 
separate section of the publication. 


MAINTENANCE 


tough, horn-like Polyethylene . . . practically unbreakable 


NEW Vulcathene sinks 
complete perfect drain systems 
for laboratories 


Non-corrosive: 
All surfaces 
remain smooth 
under extreme 
corrosive 
conditions. 


Chemical Resistance: 
Resists all alkalies 
and most 
strong acids. 


Sclvent Resistance: 
Virtually insoluble 
in all organic solvents. 


We invite your request for more 
detailed information about Vulcathene 
equipment and installations. 


WV) 


Vulcatheas 


625 S. “GOODMAN ST., ROCHESTER 2, N.Y, 


IMISION- OF THE NALGE CO INC 


Easily put together 
with threaded couplings 
or socket welds ae 
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Training at Du Pont begins the day the 
new graduate joins the Company and 
continues throughout his career. He is 
usually given a specific assignment at 
once, so he learns informally in con- 
sultation with his supervisor and his 
associates assigned to the same project. 
This informal approach to training is 
supplemented by frequent meetings and 
seminars and by scheduled perform- 
ance reviews by each man’s supervisor. 


It is partly through this method of 
training that Du Pont develops its man- 
agement men of tomorrow. And there 
is still a need for highly qualified 
people to supervise the development, 
production and distribution of a grow- 
ing list of new products as well as the 
1200 products and product lines which 
the Company is now making. So you 
can be sure that you will retain your 
identity as an individual and be pre- 
pared for advancement as quickly as 
your abilities permit and openings 
occur in the organization. 


WATCH THE 
DU PONT “SHOW OF THE MONTH” 
ON TELEVISION 


: 
bane 
us par OFF 4 
ether 
lings 
* 
sion*) 
plied f° 
SATIC AS47 


FLOWMETERS 
WITH GUARDS! 


Now ... complete predictability for all fluids—available with 
complete protection for the flowmeters themselves. These precise 
Predictability Flowmeters and special rugged Guards have been 
developed by Manostat Corporation to meet rigorous requirements 
of research and industrial laboratories . . . at very low cost. 


Truly versatile instruments, enabling you to calculate the 
calibration curve directly without the need of the experimental 
calibration that was necessary in the past. They include, at no extra 
cost, a new Teflon* stop which provides quick interchangeability and 
ball replacement. Guards feature strong Tenite I1** outer plastic 
protecting tube not in contact with fluid. Parts of guards contacting 
fluid are corrosion resistant stainless steel and Hycar*** rubber 


*Trade-mark for DuPont Tetrafluoroethylene Resin. . 
**Tennessee Eastman. ***B. F. Goodrich Chem. Co, 
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GUARDED MAXIMUM 
a. COMPLETE READING 


_ML./MIN 


G9148C 59.65 [68200 _|2070 


A Meters come with stn. steel and non-metal balls, may be used individ- 

ually or combined. /2, Male inlet, Female outlet. 3, For stn. steel bull. 

om. 1/2 for non-metal ball. Minimum reading approx. 1/10 of 
aximum. 


® 


For further information on either Predictability 
Flowmeters or Guards, write for bulletin. 


LINER Co. 


DEPT. 222, N. Y. 13, N.¥. 
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— ICE ony. PRICE] pin | WATER 

No PRICE CAT. NO. EACH cA EACH 1.35 

CAT. NO. EACH 1301 36.55 | G9142T | 38.40 10.30 

G9142B | 27.00 10/30 36.55 | G9143T 38.40 59.5 

| 27-00 14/35 | 36:95 | G914sT | 56.55 [18400 _| 545 

69145B | 27.00 |G9145C 

691488 | 28.30 | 

20-26 N. MOORE STREET ® 
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ABSTRACTS 


_ Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


16s. CARBON AND ITS 


INORGANIC 
COMPOUNDS (continved) 


A. CARBON (Continved) 
Absorption by carbon. 


16-7s 


Of Gases. 

(d) Lead a gas supply through H;BO; in methanol to 
(1) a Bunsen burner or to (2) 28-200 mesh silica gel or 
activated charcoal and then to burner; light flames: 
flame (1) is green, flame (2) colorless, until the absorbent 
becomes saturated with borate, then flame turns green. 
(3) Replace the H;BO; + methanol with pure methanol 
and repeat: flame (1) is colorless, flame (2) is green as 
absorbate is swept out. (BLANKENSHIP, F., and DonALp- 
soNn, P., 26, 105 (1949).) 

(e) Place activated carbon in two deflagrating spoons, 
lower one for 2 minutes into H2S gas; then heat both red- 
hot and lower into Oz: the one which has absorbed H.-S 
burns more brightly. (ANTLEMAN, M., 30, 134 (1953).) 
Of liquids. Drip methylene blue and CuSO,-aq. into 
two columns of activated charcoal: the former decolor- 
izes. See Dem. 16-5. (OrrersacuEeR, T. J., 7, 1299 
(1930). ) 


B. CARBON MONOXIDE 


16-9s 


Decomposition. (a) Flow water into a jar of CO, forcing 
it through a horizontal 1 X 20 cm. quartz tube at 400°C. 
containing a layer of sifted powdered brown hydrous iron 
oxide catalyst: some black C forms. Measure the result- 
ing CO2 by shaking with KOH-aq. (b) Reversible: CO: 
over the catalyst at 400°C. gives CO + C; but CO over C 
at 400°C. gives CO.; the two CO:CO;: ratios, as measured 
by absorbing the CO. with KOH-aq. in a eudiometer tube, 
is the same in both reactions. (Riscupretu, P., 9, 157 
(1932) from Z. phys. chem. Unterricht, 44, 22 (1931).) 
Reaction with NaOH. See details for formation of sodium 
formate from CO + NaOH. (RueErnsotpt, H., 10, 316 
(1933) from Z. phys. chem. Unterricht, 46, 1 (1933).) 
Reaction with HgO. Forms CO, + Hg; no details given. 
(EprroriAL, 23, 346 (1946).) 

Tests for CO. (a) Seal PdCl + H.O + acetone in a 
crushable glass ampoule; soak cotton, expose to air: 
darkens to indicate CO. See article for discussion. 
(BERKEBILE, J. M., 25, 342 (1948).) 

(b) Aspirate air through tube containing molybdate- 
silica gel: length of brown stain indicates CO concentra- 
tion. (Mrincuin, L. T., 26, 394 (1949).) 

Water-gas from steam + coal. (a) Pass steam over a 
layer of coal in a 0.6 X 20 cm. quartz tube at 1000°C.: 
500 ml. water gas containing 5% CO- forms in 4 minutes. 
(b) Ignite flame of escaping gas: will melt an 0.1 mm. Pt 
wire. (c) Pass CO, over the hot coal at 100 ml. per 
minute: water-gas containing only 6% CO: forms; a 1 
em. flame will burn for 10 minutes. (FLORKE, W., 9, 
1833 (1932), from Z. phys. chem. Unterricht, 45, 162 
(1932).) 
Water-gas from cracking methanol. Methanol in a flask 
on a hot plate is swept, by a stream of CO, through a 
quartz tube packed with refractory material at 1000°C., 
then through a safety bottle and washbottle of water, and 
finally into a gas holder in a hood: the off-gas contains 
7% He + 33% CO + less than 1% methane. CARE: 
CARBON MONOXIDE POISONING. W. K. 
28, 220 (1951).) 


C. CARBON DIOXIDE 


16-15s Generator. Place dry ice in a vessel provided with a 


16-16s 


16-18s 


16-19s 


Bunsen valve (CARE: insert as a SAFETY VALVE, see 
original article): CO: is given off steadily for hours at a 
rate determined by the amount of insulation around the 
vessel. (Conarp, C. R., 13, 539 (1936).) 

Reactions of CO.. Drop CO: into a test: tube; lower 
glowing splint: goes out. Add limewater: CaCO; 
precipitates. Add dry ice to water, test with litmus: 
pink. (RosenpavM, E. J., 16, 568 (1939).) 

Pressure generated. See Dem. 16-20. (a) Cork a bottle 
of marble + conc. HCl: CO, blows out cork. (Strong, 
C. H., 2, 275 (1925). Aryea: DANGER if cork is too 
tight bottle might break. (6) Ditto, using vial of satu- 
rated KHSO,-aq. tipped into saturated Na(HCO;)-aq. 
in a tightly-corked wide-mouth bottle. (Jorpy, L. C., 
7, 653 (1930).) 

Foamite extinguisher. (a) Working model of foam-type 
extinguisher. Soln. A (saturated NaHCO,-aq. + licorice 
or egg albumin) and soln. B (alum-aq.) run from two 
funnels upon a Cu-gauze disc in a truncated lamp chimney 
mixing chamber: the foam forms and runs into a beaker 
of burning benzene: the fire is extinguished. Contrast 
with effect of adding water. (Toporrex, S8., 24, 458 
(1947). AtLyEa: 16-17 simpler and just as instructive. 
(b) Ditto using 1% saponin instead of licorice, and dil. 
HCl in place of alum. (Kintror, W., 24, 609 (1947).) 


D. CARBONATES AND BICARBONATES 


Heating carbonates. Heat carbonates of Ca, Pb, Cu, Cd, 
Zn, etc. noting those that give off CO: as tested with lime- 
water. (Srong, C. H., 20, 610 (1943) and 22, 136 (1945).) 
Na or K carbonates do not decompose; with Pb, Cu, Cd 
or Co carbonates, oxides form; with HgCO; or Ag2COs, 
metals form (Strong, C. H., 22, 337 (1945).) To get BaO 
have to heat Ba(NO;).; with BaCO; there is little decom- 
position at 1000°C. (Haun, F. L., 25, 229 (1948).) 


16-20s With acid. Treat various carbonates with dil. HCl: CO, 


forms. (Strong, C. H., 20,610 (1943).) Measure quanti- 
tatively by catching CO. in CaCl-soda lime tube and 
weighing. (Scorr, W. W., and Jewe., P. W., 7, 1942 
(1930), from Ind. Eng. Chem., Analyt. Ed., 2, 76 (1930).) 
Bicarbonate-carbonate. Invert a flask containing a test 
tube of dil. H2SO, in a flask of the following solution; 
catch the off-gases over saturated NaCl-aq. and measure 
their volumes for (a) dilute NaHCO,-aq. (b) the same 
volume as (a) but previously boiled with an equal volume 
of water (changing it into Na2zCO;): the volume of CO, 
from (a) is twice that from (b). (Rossngr, A., 11, 430 
(1934). ) 

Test for carbonates. (a) HCl + unknown: CO, evolves 
and is caught in a heart-shaped vessel: see article for dia- 
gram. Used also for Cl~ test with chromy] chloride. 
(Heatn, F. H., 25, 73 (1948).) 

(6) Pass air through a train of (1) soda-lime to remove 
CO:, (2) the unknown-aq. + dil. HCI, (3) KeCr2O, + dil. 
HCI to remove SO:, and (4) Ba(OH).-aq. With as little as 
1 mg. CO; a white precipitate of BaCO; forms within 
2 minutes. (Haun, R. B., and Mutuins, R., 27, 345 
(1950).) 

Uses for chalk. Bits of waste blackboard chalk can be 
(a) treated with acid, cast into molds, used to remove 
spots; in shoe dressing, fertilizer, and toothpaste. 

(b) Ground chalk heated in Ni or Fe crucible, exit tube 
into limewater: Ca(OH): precipitates and CaO remains, 

(c) Acetone and other products made using waste chalk. 

(d) Used as absorbing column in chromatography of 
chlorophylls and xanthrophy!s of green leaves, color in 
Kool-Ade summer beverage, purple in antifreeze ‘‘Zerone.”’ 
(Jounson, L. D., 16, 495 (1939); 20, 554 (1943); 21, 128 
(1944); and 27, 108 (1950).) Anyga: there is DANGER 
from COLORED CHALK being POISONOUS; also 
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some blackboard chalks contain CaSO, as well as car- 
bonate. 


E. OTHER INORGANIC CARBON COMPOUNDS 
16-24s Calcium carbide. 


(a) Powder 5 g. Ca chips + 5 g. 
marble; heap mixture on brick and ignite with a burner: 
forms quicklime with CaC, lump inside. Place latter in 
dish, cover with funnel, add water, ignite C,H» at tip of 
funnel. Contrast with Ca + water which gives He 
which burns with a non-luminous flame. (WUNDERLICH, 
R., 9, 1834 (1932), from Z. phys. chem. Unterricht, 45, 16 
(1932).) 
(b) Using a resistance and 110 volts a.c., strike an are 
for 10 minutes between two carbon rods buried in 100 g. 
ground coke + 120 g. lime in a box of ground asbestos 
with a vent for CO: small lumps of CaC, form. Test as 
in (a). Diagram in article. (SaNrorp, W. B., 10, 420 
(1933).) 
Aluminum carbide. Heap Al filings + fine coke in a 
closed graphite crucible in a Nz atmosphere at 2000°C. 
for 30 minutes: dark orange Al,C; forms. (Rurr, O., 13, 
397 (1936), from Chem. Zig., 60, 28 (1936). ) 
Hydrogen cyanide. Rest a 10 cm. funnel in a 25 ml. 
graduated cylinder; place a wire gauze upon the funnel, 
and a cube of ice on the gauze so that the melted ice runs 
into the cylinder. Play a 6 cm. Bunsen burner flame 
against the edge of the wire gauze, and atomize conc. 
methy] amine-aq. into the reducing flame so it is carried 
against the melting ice. The melting ice smells strongly 
of methyl amine, and gives all tests for HCN. (Eps, 
H., and Hornemann, T., 9, 158 (1932), from Z. angew. 
Chem., 44, 278 (1931).) 
Calcium cyanamid. See original article for diagrams and 
details. (a) Pass an are between a carbon pole and 
graphite crucible containing C + CaO: CaC: forms. 
(b) Mix with 10% by weight of CaCl: catalyst, heat in a 
combustion tube in dry Nz: C and calcium cyanamid 
form. (c) Add water in a large flask: NH; forms, and 
can be detected with paper moistened with phenol- 
phthalein. (Zerrter, H., 6, 1160 (1929) from Z. phys. 
chem. Unterricht, 42, 16 (1929).) 


16-28s Azido-carbon disulfide, (SCSN;)2. Experiments with 


material (A) prepared according to Brown, A. W., et. al., 
Jour. Amer. Chem. Soc., 45, 2541 (1923); the material 
detonates when dry and is DANGEROUS. (a) Mix 0.5g. 
fresh moist A with 100 ml. IN NaOH; yellow-green salt 
forms; add 6N H.SO, stepwise: crystals re-precipitate. 
(6) Mix 0.5 g. solid A + 1000 ml. H.O + 1% KI ectg. 5 ml. 
starch solution: turns blue in a few moments. (c) Add 
1000 ml. H,O + 5 ml. conc. K-azido-dithio-carbonate + 
dropwise 10% AgNO;-aq.: precipitates instantaneously. 
(d) Paint a pattern with 10% A in acetone; dry; against 
it press paper dipped in 10% FeCl;-aq. and dried; warm: 
two patterns are obtained. (e) CARE: EXPLOSIVE. 
(1) Hit 0.01:g. with a hammer: detonates. (2) Let 0.02 
g. fall on a metal plate at 100°: detonates. (3) Drop 
into water at 80, 85, 90, 95, and 100°: decomposes ex- 
plosively after a delay of a few seconds, depending on 
temperature. (4) Blow NH; gas against 0.02, 0.05, 0.1 
and 0.4 g. piles of A, 10 cms. apart: explosions pro- 
gressively increase in intensity. (Brown, A. W., and 
von Hamzpura, R. S., 3, 1339 (1926) from Jour. Amer. 
Chem. Soc., 48, 2383 (1926).) 


yellow Mg;N2. (FRommM, F., and Rivera, P. J., 21, 196 


(1944).) 


B. AMMONIA 
Preparation of Ammonia 


17-38 


17-48 


17-5s 


Synthesis. (a) Three volumes of H, + one of N2 are led 
over porous iron oxide catalyst in a boiling sulfur vapor- 
bath: 0.25% ammonia forms. See article for elaborate 
apparatus, lengthy preparation. (Larson, A. T., 2, 285 
(1925).) 

(b) Prepare catalyst by soaking 10 g. purified, fibrous 
asbestos in 10 g. tungstic acid in NH,OH, evaporating to 
600°C. in a current of dry NH; until the Wo is reduced 
and the asbestos black. Cool in NH; and then pass He 
over it until NH; is no longer detectable by turmeric 
paper. Pass 3 vols. H2: + 1 vol. N2 through this catalyst, 
warmed gently: .NH; can be detected with turmeric 
paper. (Fromm, F., 19, 230 (1942).) 

Preparation. Drop conc. NH,OH on NaOH sticks; col- 
lect NH; by downward displacement of air. (BUNDER- 
MAN, W. Q., 18, 545 (1941).) 

Ammonia generator. Pass NH; into solid ammonium 
thiocyanate in an ice bath: a liquid forms, containing 
45% NH; by weight; the liquid can be stored in a tightly- 
stoppered flask and used to deliver NH; for demonstra- 
tion purposes. (ALMFELT, C. H., and McCrosky, C. R., 
16, 193 (1939).) 


Physical Properties of Ammonia 


17-6s 


Liquefaction. (a) Run NH; into a wide-mouth bottle of 
dry ice: liquid NH; forms. Set a tube of water in the 
liquid NH;: ice forms. Set a tube of brine in the liquid 
NH;, and a tube of water inside of that: illustrates 
ammonia ice-plant. (F1np, I., 8, 929 (1931).) 

(b) See article for elaborate apparatus. (Herp, R. L., 
8, 2062 (1931).) 

(c) AVOID the technique for liquefying NH; described 
by SHumAKER, E. F., 21, 195 (1944) of heating conc. 
NH,OH in one limb of a stout-glass U-tube. Lev, J., 21, 
412 (1944) suffered an explosion from it. 

Diffusion. Fill a 20-liter rubber balloon with NH; and 
release: the balloon rises, but in a few minutes the NH; 
diffuses out and the balloon sinks. (Watton, J. H., 8, 
303 (1931).) 

Solubility in water. See Dem. 5-12 the Ammonia foun- 
tain. Phenolpthalein can be added in the Ammonia 
Fountain to dramatize the formation of a base. (Grir- 
FOUL, D. A., 8, 1059 (1931).) 

Absorption of NH;. Introduce the following into NH; 
confined over Hg: (a) a lump of ice, (b) a pellet of anhy- 
drous CuSO,, (c) a lump of heated activated charcoal: 
in each case NH; is absorbed. (Watton, J. H., 8, 303 
(1931); also, 19, 453 (1942).) 


Reactions of Ammonia 


17-10s 
17-11s 


17-12s 


Pass NH; over hot CuO: forms Ne, HO, and Cu. 
(Stone, C. H., 20, 200 (1943).) 

With HCl. To minimize coatings such as NH,Cl on 
bottles, store conc. acids and bases with vapors of least 
density on the highest shelf, those with vapors of greatest 
density on the bottom shelf. (DunsBar, R. E., 18, 497 
(1941).) 

Ammonium test. Make 1 ml. of unknown neutral to 
litmus, add 2 drops excess 10% NaOH-aq.; centrifuge 
away solids; pour into 3 mg. iodine on spot-plate, push- 
ing crystal of iodine to the surface of the liquid. A black 
streak, highly explosive when dry indicates ammonium 
ion. (O’Ner, R. C., and Renrrow, W. B., 29, 94 


17s- NITROGEN CHEMISTRY 


(1952).) 

Reaction of NH,OH. (a) At 80°C. neutralize 30 g. pow- 
dered oxalic acid + 25 ml. H.O with NH,OH: upon 
cooling, solid mass of ammonium oxalate crystals form. 
(b) Write on paper with HgNO;-aq.; dry; wash with 
NH,OH: writing appears. (Strong, C. H., 20, 200 


NITROGEN 


17-1s Microdetection. One g. NasCO; + 1 g. Mg powder + 1 
g. nitrogenous matter covered with 1 g. NasCO; + 1 g. 


Mg in a 25 ml. distilling flask with side-arm containing 
dil. HCl. Heat solids: Mg;N2 forms. Add water: de- 
tect NH; with Nessler’s reagent or moist litmus paper. 
(Jounson, L. D., 21, 71 (1944).) 

Preparation of Mg;N2. Pass dried in two conc. H2SO, 
washing bottles and three soda-lime tubes, over Mg pow- 
der at 300-700°C. for a few hours: 60-90% yield of 


17-14s 


(1943).) 

Nitrogen tri-iodide. See Dem. 17-12s, and 17-8. Soak 
crystals of iodine in conc. NH,OH, and spread on filter 
paper to dry. DANGER: EXPLOSIVE TO TOUCH. 
(Jorpy, L. C., 7, 653 (1930).) 


(Topic 17s. will be continued in December issue) 
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INITIAL ELIMINATION 


OF VOLATILE 
IMPURITIES 


CONSTANT 


DISTILLED 
WATER OUTLET | 


RAW WATER INLET / 2. 


LEVEL CONTROL | 


HEATING 
ELEMENTS 


TO PRODUCE PUREST DISTILLED WATER 


1. AUTOMATIC PREHEATING reduces fuel costs. In the 
counter-current condenser, the raw water is heated almost to 
boiling by the latent heat from the condensing vapors. Fuel is 
saved by replenishing the evaporator with this preheated water. 


2. CONSTANT LEVEL CONTROL provides for first vent- 
ing of volatile impurities. The Constant Level Control keeps 
water at a constant, safe level within the evaporator. Since the 
Constant Level Control is open to the atmosphere, the bulk 
of gaseous impurities is eliminated from the preheated raw 
water as it goes into the evaporator. 


3. HIGH VAPOR DISENGAGING SPACE protects 
against foaming, priming and splashing. Because of the 
ample space above the boiling water and the large diameter 
of Barnstead evaporators, vapor velocity is low. Vapors leave 
the boiling surface slowly. Moisture and impurities are not 
carried into the condenser. Entrainment is stopped at the start. 


All Barnstead evaporators are made of copper and brass with 


- surfaces contacted by the distillate coated with pure block 
tin to prevent metallic contamination. 


4. EFFICIENT BARNSTEAD BAFFLES are dish-shaped to 
prevent any splash from being carried over and contaminating 
the distillate. Hospital Stills have the famous Barnstead 
“Spanish Prison Q Baffle” especially designed to eliminate 
pyrogens. 

5. CONDENSER VENTING provides dual elimination 
of impurities . . . an exclusive Barnstead feature. In ordinary 
distillation, impurities in a gaseous state are sometimes con- 
tained in the final distillation. Not so with Barnstead. This 
second escape vent and the 10 degree incline of the Barnstead 
condenser separates and expels any last traces of gaseous 
impurities. Thus, a DUAL elimination of volatile impurities 
is accomplished. 


FOR QUICK REFERENCE POST THIS DIAGRAM ON WALL CONVENIENT TO YOUR BARNSTEAD STILL 
STOCKED BY YOUR LABORATORY SUPPLY DEALER 


BBarnstea 


STILL & STERILIZER CO. 


65 Lanesville Terrace, 
Boston 31, Mass. 


80,000 INSTALLATIONS — 80 YEARS EXPERIENCE IN WATER STILL DESIGN 
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Improved APPARATUS. 


FOR IMMEDIATE 
DELIVERY 


Photometers 


Kleit-Summerson 


Sartorious Selecta “Rapid’’ Balance single 
pan—air damped—with symmetrical beam 
offering constant sensitivity regardless of 
load—Mechanical weight selection 0.1 to 
199.9 grams—Pan Diameter 90 mm. 


Capacity 200 grams, Sensitivity 


“Semi Micro” Model 
Capacity 100 grams, Sensitivity No. 2070 
WEIGHING TIME 15 TO 25 SECONDS Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
NEW ULTRA RAPID MODEL which fluoresce in solution. The sensitivity 
Capacity 200 grams, Sensitivity 1 mg, me- and stability are such that it has been found 


chanical weight selection 1 to 199 grams. me 


WEIGHING TIME 3 SECONDS. Price. $890.00 - 


Note: Explosion Proof and Fume Proof weighing chamber 
are available at slight additional cost. Descriptive bro- | | 
chure will be sent upon request. = a 


ALL PRICES FOB DELIVERED CONTINENTAL KLETT SCIENTIFIC PRODUCT. 
U.S.A. 


LABORATORY APPARATUS BACTERIOLOGICAL AND k T 
CHEMICAL GLASSWARE « INSTRUMENTS AND REAGENTS Ce M anufacturing Co. 


IRVINGTON-ON-HUDSON, N. Y. 179 EAST 87TH STREET, NEW YORK, N. Y 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS e GLASS STANDARDS 
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NOW... 


CLEAN AND DRY 
PIPETTES 
WITH THE 
PERFECT PAIR= 


the famous BOEKEL PIPETTE WASHER 


and the new BOEKEL PIPETTE DRYER 


in LONG LASTING STAINLESS STEEL 


IT’S JUST THIS EASY... 


Condition in a good laboratory detergent such as “‘Alconox’’ or in a 
chromic-acid solution. 


Place in Boekel Pipette Washer 

A continuous supply of fresh, clear water flows through the fragile pipettes 
cleaning them quickly and safely. The washing cycle is silent, automatic 
and continuous—operating even with a low volume of water. 


Place in Boekel Pipette Dryer. 

Circulating hot air completely evaporates moisture from all surfaces of the 

soe Approximately one hour is required for the drying operation. 
oisture is released through vented top. 


1374 Pipette Washer with Pipette Holder. Standard Size. 
22'/.” high, for pipettes up to 375 mm. long 

1374'/, Pipette Holder only, for 1374 

1374'/,C Pipette Holder only, for 1374 but with solid cylinder 9'/,” high 

1374J Glass Jar, heat resistant, (not illustrated) 6” x 18” for 1374 

1372 Pipette Dryer without Pipette Holder. Standard Size. 
23", ” high, for pipettes up to 375 mm. long 

1375 Pipette Washer with Pipette Holder. Large Size. 
25'/.” high, for pipettes up to 450 mm. long 

1375'/2 Pipette Holder only, for 1375 

1375J Glass Cylinder, heat resistant, 6” x 21”, for 1375 


1372L Pipette Dryer without Pipette Holder. Large Size. 
26'/,” high, for pipettes up to 450 mm. long saa 


ORDER THROUGH YOUR LABORATORY SUPPLIER 
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Manufactured by WM. BOEKEL & CO., INc. : 
A553 


This unique combination of large capacity, higher speed and 
lower controlled temperature increases the value of centrifugal 


force as 4 basic research tool. 


HIGH “G” HEADS: The 8-piace 50 mi head delivers 40,000 x G; 
e 250 mi head, 26 000 x G. Adapters are available for 


the 6-plac 
use with smaller tubes. Additional heads and attachments are 


being developed. 
HIGH SPEEDS are obtained by 4 direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


ES BETWEEN —20°C and +40°C are kept 
°c byal HP refrigeration unit, an 
evaporator, and a new combination of 

bre glass insulation. 

USE THE COUPON to & bout this all-new and 

better high-speed refrige from International oes 

Your Dependable Source for 


International | Equipm " 
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Where new products create new careers 


hew chemicals . . . new plastics . . . new fibers. Every 
year, Allied research creates new additions to our present 
line of more than three thousand different chemical prod- 
u-ts. These new products create new careers—for chem- 
iss, Chemistry majors, engineers (chemical, mechanical, 
electrical). These challenging careers with a future are 
found at Allied Chemical’s twelve research laboratories 


and more than one hundred plants throughout the 
United States and Canada. 

Facts about these new products and the careers they 
create are in a new book, “Allied Chemical and Your 
Future.” Why not write for a copy? You'll find it really 
helpful in answering student inquiries. Address: 

Allied Chemical, Dept.118BR61 Broadway, New York 6, N.Y. 
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Hienty functional 
J-M Colorlith (properly 
finished with clear coat 
lacquer or equal for best ap- 
pearance and performance) 
permits laboratories to add a 
colorful new touch of person- 
ality to a variety of interior areas, 
including those shown here. 
Colorlith was originally developed 
to answer the need for a tough, hand- 
some table-top material. Now its colors 
and texture make any lab or school build- 
ing a show place. And because it’s fabricated 
from two of nature’s most durable minerals, 
asbestos and cement, it can take the most gruel- 
ing punishment. 
A workable material, Colorlith comes in large 


>< 


Washroom wainscots, made of Colorlith, 


Now...laboratory ‘table-top toughness” 
for many busy interior surfaces 


handsome, tough, colorful 


4’x 8’sheets which can be cut in any shape. 
Thicknesses range from %4” to 144”. Because it 
has great uniform strength, it can be used in 
thicknesses down to 4” for fume hoods, or for 
resurfacing old table tops and walls. Its color 
runs completely through the sheet. 

Many laboratory furniture manufacturers now 
feature Colorlith. And there are cutting shops 
convenient to you which can easily custom-fabri- 
cate Colorlith sections to your needs. For names 
and addresses, plus Colorlith specifica- 
tion and maintenance data, contact 
your J-M representative, or 
write direct. 


Colorlith comes in 3 
popular decorator colors: 
Cameo Brown, Surf Green, 
and Charcoal Gray. 


Shower stalls present a new application. 


Office, classroom window sills, built with 
Colorlith, have unusual strength and dura- 
bility . . . won’t warp. Color doesn’t fade. 
Louver slots can‘ be readily machined. 


Large sheets reduce number of joints. Ma- 
terial is strong, rigid—can’t rust or deterio- 
rate with prolonged exposure to moist:'re. 


withstand moisture and heavy abuse for 
years. Material resists cracking, chipping 
... is easily cleaned . . . and stays attractive. 


Johns-Manville, Box 14, New York 14, N. Y. 
In Canada, Port Credit, Ontario 


JOHNS -MANVILLE 


JoHNS-MANVILLE 


OVER 100 YEARS OF QUALITY PRODUCTS...1858-1958 PRODUCTS 
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Always Specify PIONEER 
Labware For Finest Quality 


- 


DUTY 
INSTRUMENT 1 
Improved-Design 


DRYING TUBE 


aes .... With lasting 
air-tight fit 


Jecause it 
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) Easily Taken Apart To Clean 
Unbreakable All-Polyethylene 


* External Fittings Will Not Loosen With 
Age 


* Available With One or Two Fittings 
*% Available in Three Lengths 


* Fittings are 7/8” long and taper from 
3/8” to 1/4” 


* Tube is 3/4” O.D., 5/8” 1.D. 
* Speciol lengths on order 


Hot Plate — Magnetic Stirrer 


PRICES: 
New low cost—plus a : EACH | DOZEN | CASE (72) 
advanced design features 5 DT-100-1 $ .28 | 
| (.24 ea. .19 ea. 
Now you can heat and stir simultaneously DT-100-2 .36 84 —s«19.44 
with WACO AGITHERM. Heavy-duty in- 4 3200.) | (. 
dividual controls allow use of either stirrer or 
hot plate independently when desired. ? * DT-150-2 40 
The 500 watt hot plate can be set thermo- _ ‘ DT-200-1 36 
statically at any temperature up to 600° F. ; ' 
Pilot light indicates when heat is on. The 3 : DT-200-2 44) 4.00 | 25.20 
perforated stainless steel case assures cool 78 | 
operation of motor. Compact design, 614” 2 EACH | DOZEN | CASE (144) 
diameter by 5” high. $ .18 
ication. | (.14e0.)  (.09 ea. 
eo No. JC-84500 Agitherm Stirrer Hot Plate, com- Siac: 
t or deterio- plete with one each glass and Teflon covered rs Twough leading supply hovess 


moist:re. for 115 volt, 60 cycle, Send for catalog of complete line. 
ORDER NOW! 
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Fast Accurate Weighing — Corrosion-Resistant — Economical 


Welch TRIPLE BEAM TRIP-SCALE 
Exposed Parts of Steel 


e Large Capacity -1610 Grams (With Extra Weight - 2110 Grams) 


¢ Sensitivity to 0.1 Gram 
e Rugged, Compact Construction 


Wide-Range Serviceable Dependable 


3 Graduated Scale Levels for easy reading. Riders move easily. Hard, 
Cobalite Knife Edges maintain true edge indefinitely. 
Grooved Agate Bearings are protected against damage. 


One-Piece Beam Construction—Silver-Gray Hammerloid Finish—Rapid Zero 
Setting—Beam Arrest for faster weighing. 


No. 4048 LOW FORM SCALE, WITH TWO EXTRA WEIGHTS 

No. 4048C. PLASTIC COVER, For No. 4048 

No. 4048W. EXTRA WEIGHT. For i 
No. 4048 to 2110 grams 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 

Manufacturers of Scientific Instruments and i.aboratory Apparatus 
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ELECTROANALYTICAL CHEMISTRY, Second Edition, Revised and Enlarged 


1958, 684 pages, 
$14.50 


By JAMES J. LINGANE, Harvard University 


This greatly expanded revision reflects recent advances in electroanalytical techniques 
and also provides the practicing and teaching analytical chemist with a comprehensive and com- 
pletely up-to-date treatment of the subject. New chapters on electrical measurements, polaro- 
graphy, amperometry and amperometric titration, new techniques of coulometric titration, and 
chronopotentiometry have been added, as well as an appendix of standard and formal potentials 
of important half-reactions. As a result, this new edition is more than 200 pages larger in size 
than its predecessor. 


PHOSPHORUS AND ITS COMPOUNDS 


In Two Volumes 


Volume I: Chemistry 1958, 
968 pages, $27.50 


Volume II: Technology, Functions 
and Applications 
In preparation 


By JOHN R. VAN WAZER, Monsanto Chemical Company 


A main contribution to the current renaissance in inorganic chemistry. All existing 
information about the new chemistry of phosphorus has been gathered, and in many cases 
reinterpreted, and is presented as part of a self-consistent, systematic discipline. A source book, 
a practical guide and a comprehensive treatment of the subject in its entirety. 


The purpose of this work, as stated in the author’s preface, is “. . . to lay a foundation 
for a new, separate discipline of chemistry—phosphorus chemistry.” 


ORGANIC SYNTHESES WITH ISOTOPES 


In Two Parts 


Part 1: 1958, 1156 pages, $25.00 
Part 2: 1958, 1098 pages, $25.00 


By ARTHUR MURRAY III and D. LLOYD WILLIAMS, Los Alamos Scientific Laboratory 


Contains detailed syntheses, in the manner of the well-known Organic Syntheses, of 
many hundreds of isotopically labelled organic compounds. In Part 1, a carbon atom is radio- 
active; in Part 2, the label may be halogen, hydrogen, nitrogen, oxygen, phosphorus or sulfur. 
The carefully selected syntheses, usually offering a high yield, are of general interest beyond 
the radioactive application, and a high yield, are of general interest beyond the radioactive 
application, and the careful consideration given to nomenclature will be welcomed by all who 
value clear, unambiguous expression in chemistry. 


LINEAR AND STEREOSPECIFIC ADDITION POLYMERS: Polymerization with 


1958, approx. 310 pages, 
approx. $15.00 


Controlled Propagation 


By N. G. GAYLORD, Interchemical Corporation Research Laboratories, and H. MARK, Poly- 
technic Institute of Brooklyn 


Volume II of Polymer Reviews, a new series reporting and interpreting rapidly develop- 
ing subjects within the field of polymer science before they have crystallized sufficiently to 
warrant monographic treatment. 


In this volume, N. G. Gaylord and H. Mark report on control of the propagation step— 
the basic advance underlying the new stereospecific polymers, which are as noteworthy for their 
scientific interest as for their practical importance. An extensive tabulation of the American 
and foreign patent literature forms an important feature of this book. 


ADVANCES IN ENZYMOLOGY—Volume 20 


19°3, 495 pages, $12.50 


Edited by F. F. NORD, Fordham University 
Enzymology is basic to all biochemistry. With the twentieth volume of this well-known 
annual series reporting progress in enzymology and related fields, Dr. Nord has achieved an 
important milestone. 
“In this rapidly progressing field, where textbooks have a way of becoming outdated 
before they can be published, these annual reviews have provided an indispensable 
reference source for the expert as well as for the novice.”—Science 


INTERSCIENCE PUBLISHERS, INC. 


250 Fifth Avenue, New York 1, N. Y. 
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THE THRESHOLD OF SPACE 


Edited by M. Zelikoff. Pergamon Press, 
New York, 1957. xii + 342 pp. 19 X 
25cm. $14. 


AN IMPORTANT criticism of the volume 
under review is that it is a waste of 
a good, glamorous title. We would all like 
to be, at least intellectually, on the thresh- 
old of space. This book won’t help the 
ordinary scientist or college teacher get 
there. 

It is a collection of the papers and the 
discussion at a conference of specialists on 
the physics and chemistry of the upper 


atmosphere. A physical chemist who is 
well educated in the fields of chemical 
kinetics and spectroscopy will find this 
fascinating reading. 

Molecular oxygen and nitrogen are 
photodissociated into atoms by the far 
ultraviolet light of the upper atmosphere. 
NO is formed by several reactions, in- 
cluding N + O; > NO + O2, N + O. > 
NO + O. Electrons are produced by 
photoionization of NO and N:. Atoms are 
produced by dissociative recombination 
reactions such as NO+ + e~- > N + O. 
Atoms disappear by three body recombina- 
tion reactions such as N + O + Nz: NO 
+ Ne. The lower the pressure, the slower 
is the recombination; above about 75 
kilometers, nitrogen and oxygen atoms 
created during the day may live all night 
before recombining. 


Offers 

for a 
Competitive 
Price 

THE 
ULTIMATE! 
the Precision- 
Dubnoff 


METABOLIC SHAKING INCUBATOR 


With Exceptional Beaker-Flask Accommodation . . . with 24 hour Day-in, 
Day-Out Operation . . . without Undesired Speed Changes. 


Here’s a metabolic shaking incubator 
ideal for a wide variety of research tech- 
niques not requiring manometric deter- 
minations; for measuring the progress of 


biochemical or biological reaction by 
chemical analysis or microscopic exami- 
nation. 


USE the Precision-Dubnof for: 


1. Tissue metabolism and yme studies 
2, Protein coagulations 

3. Fermentations 

4. Homogenate research 

5. R. Q. Investigations 

6. Diffusions 

7. Dialyses, etc. 


GET— from Precision-Dubnoff: 


.@ Supreme shaking speed accuracy 

through governor controlled motor. 

@ Combine 20 mi beakers—25 and 50 
ml flasks—all in one investigation. 

@ Wide Temperature and Shaking Speed 
Range 35° to 65° C—25 to 140 cycles. 

@ Instantly adjustable shaking speed— 
no belts—no pulleys—no built in 
limitations. 


Catalog No. 23497 


$550.00 


For Complete information Write to 


im] New York Laboratory Supply Co., Inc. 


yi 76-78 VARICK STREET 


NEW YORK 13, N.Y 


The measurement of the cross sections 
or rate constants for all the significant 
reactions is a challenge to the laboratory 
experimenter. The theorist must consider 
the interplay of all these steps and predict 
the properties of the atmosphere. The 
rocket scientist devises experiments to 
directly observe these properties. Fo: 
example, by a suitable choice of a filling 
gas (xylene) and a window (sapphire 
one can build a Geiger counter which is 
sensitive only to radiation between 1425 
and 1500 This is a region of strong 
absorption by O2. By determining the 
amount of radiation as a function o! 
altitude, one can determine the vertica! 
distribution of O2. molecules. In a similar 
experiment with a counter sensitive t» 
soft X-rays (which are evidently emitted 
by the sun), the total density of the at- 
mosphere as a function of altitude is 
determined. The two sets of data can 
be used to calculate the degree of dis- 
sociation, O2. — 20, at different altitudes. 

In still more spectacular experiments, 
the rocket probers have ejected several 
kilograms of sodium or nitric oxide into 
the upper atmosphere. Photoionization 
of the latter, for example, caused per- 
ceptible ionosphere disturbances; the 
sky lights up due to radiative recombina- 
tion reaction, NO + O — NOz + hy 
(one notes in passing, that the rate con- 
stant for this reaction is not accurately 
known!) 

Here then is an account of an exciting 
new field of research. But the college 
chemistry teacher is still waiting for a 
coherent, simple account that will enable 


~him to appreciate the field and transmit 


something of its excitement to his students. 


NORMAN DAVIDSON 
CaurirorniA INSTITUTE OF TECHNOLOGY 
PasapENA, CALIFORNIA 


ORGANIC ELECTRODE PROCESSES 


Milton J. Allen, Director of the Physical 
Research Laboratories, CIBA Pharma- 
ceutical Products, Inc., Summit, New 
Jersey. Reinhold Publishing Corp., New 
York, 1958. xiv +174 pp. 15.5 x 23 


Tue last book to be published in the 
field of electroorganic chemistry was 
written by Fichter over 25 yearsago. The 
time therefore is certainly ripe for the 
appearance of another book in which this 
much neglected field of chemistry is re- 
viewed, and Dr. Allen merits our appre- 
ciation for filling in the gap with a well- 
organized and well-written account of 
existing knowledge of electro-organic 
preparative procedures. Reaction mech- 
anisms are discussed only occasionally, 
probably because they have been little 
studied at the electrodes commonly used 
in electro-preparative work. Where 
mechanisms are discussed, they are based 
on organic structural evidence, not on 
physical chemistry. The modern ele:- 
tronic theory of organic chemistry is em- 
ployed as an aid to interpretation ony 
in two or three places in the book. 

The first chapter is an exceptiona! v 
clear exposition of the roles played ‘1 


(Continued on page A562) 
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GENERAL CHEMISTRY 
A SYSTEMATIC APPROACH, 2nd Edition 


By H. H. SISLER, University of Florida, C. A. 
VANDER WERF, University of Kansas, and 
A. W. DAVIDSON, University of Kansas 


Providing a solid foundation in general 
chemistry, this text emphasizes the syste- 
matic presentation of the modern theory of 
the structure of matter, and of the facts of 
chemistry in terms of the families of elements, 
as related to structural theory and the peri- 
odic table. Discussion of principles has been 
condensed for greater clarity in this edition. 
New material: the latest developments in the 
chemistry of the newer elements, in rocketry, 
in plastics, and in medicine; recent changes 
in nuclear fission and nuclear fusion; a 
rewritten section on metals; and a condensa- 
tion of the chapter on atomic structure by 
omission of the obsolete part of the Bohr 
theory. Coming Spring 1959 


A SHORT COURSE IN 
ORGANIC CHEMISTRY 


By JOHN E. LEFFLER, Florida State University 


For non-majors, this text is designed to 
present the language and ideas of organic 
chemistry for students to apply to their own 
area of interest. While most texts are subdi- 
vided into chapters, each dealing with a 
particular class of compound, this book intro- 
duces the basic ideas and nomenclature of 
organic chemistry and then presents a uni- 
fied survey of the important classes of com- 
pounds. Important: applications of the organic 
chemistry of odor and color, molecular 
energy, and the chemistry of large molecules 
are included. Coming Spring 1959 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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ELEVENTH EDITION 


QUANTITATIVE 
CHEMICAL 
ANALYSIS 


By LEICESTER F. HAMILTON and 
STEPHEN G. SIMPSON, both Mass- 
achusetts Institute of Technology 


This well-known text is noted for 
its balanced combination of tech- 
nique, theory and stoichiometry 
for beginning courses. The elev- 
enth edition includes expanded 
discussion of theory, especially 
pertaining to precipitation and 
proper‘ies of solutions; and new 
materia) on coulometric methods, 
the bromute and iodate proceszes, 
und numerical on opti- 
cal methods. 

1958 566 pages $5.85 


THIRD EDITION 
FUNDAMENTAL 
PRINCIPLES OF 

PHYSICAL 

CHEMISTRY 


By SAMUEL H. MARON. Case 
Institute of Technology, and CARL 
F. PRUTTON. Food Machinery and 
Chemical Corporation 


Offering a thorough modern 
background in the essentia! prin- 
ciples of physical chemistry, this 
edition has new information on 
microwave spectroscopy, electron 
diffraction of gases, intermolecular 
forces, and radiation chemistry, 
The number of problems has been 
increased to 634. 

1958 789 pages $8.50 
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electrolysis by polarization, electrode po- 
tential, electrode material, nature of the 
medium, concentration of depolarizer, 
agitation, and time. This chapter is 
followed by another which gives detailed 
consideration to the instrumentation and 
techniques of electrolysis. Three chapters 
on cathodic reductions follow and then 
three more on anodic oxidations of or- 
ganic compounds grouped in the conven- 
tional manner. The last of these chapters 
deals with the very interesting subject of 
substitution reactions brought about an- 
odically, including the supreme achieve- 
ment electroorganic preparative chemistry, 
the industrially important fluorination of 
organic compounds. 


There is very little adverse criticism of 
the book which could be made. There is 
the usual sprinkling of typographical 
errors to be found in the first printings of 
most books (the literature reference, 
“Trans. Amer. elektrochem. Soc.” is per- 
haps worth a smile) and the reviewer would 
quarrel with certain definitions. He also 
feels that certain of the theoretical dis- 
cussions are a bit archaic. But these 
criticisms are trivial. Unquestionably the 
major objective of the book is the prac- 
tical one of discussing the techniques and 
over-all results of the electrolysis of or- 
ganic compounds. This objective has 
been admirably achieved. Furthermore, 
the book has been written in such a way 
that the alert reader will be stimulated by 
a vivid realization of the many unanswered 
questions with which this field of chemistry 


2-WAY CLAMP* FOR BOTH 
MICRO AND STANDARD VESSELS 


Latest advance in adjustable lab- 
oratory clamps, this Micro-Ware 
innovation is the only clamp de- 
signed for both micro and standard 
vessels. Holds glass tubes from 3 
mm. diameter to 25 mm. diameter. 
Cadmium plated, it will neither 
rust nor deteriorate. 


Prices: Each $1.75. 144 or more, $1.30 


DURABLE SUPPORT FOR 
TEST TUBES OF ALL SIZES 


Sturdily constructed of chemically 
treated redwood to withstand spill- 
age. Supports tubes varying in 
size from microcones to eight-inch 
tubes. Adaptable to every type of 
macro, semimicro and micro work. 
Will not tip. 


Prices: Each $2.25. 144 or more, $1.95 


MICRO-WARE Makes America’s Most Complete Line 
of Micro and Semi-Micro Instruments and Apparatus 


* Functionally proved by leading universities 


%* Designed for needs of research laboratories 


%* Time, space and money-saving 


*Potent pending 


Send for free 24-page, illustrated Micro-Ware catalog 


with prices, 


the most complete in the field. 


“AMERICA’S MICRO SPECIALIST’’ 


MICRO-WARE, INC. 
VINELAND, NEW JERSEY 


MICRO-WARE 


VINELAND, 


abounds. Dr. Allen appropriately closes 
the book with a quotation from Winston 
Churchill: “This is not the end. It is not 
even the beginning of the end. But it is, 
perhaps, the end of the beginning.” 


A. EDWARD REMIC 
Wayne State UNIVERSITY 
Detroit, MicuiGan 


BIOCHEMISTRY 


Abraham Cantarow, Professor of B'>. 
chemistry, and Bernard Schepartz, /s. 
sistant Professor of Biochemistry, Jefferson 
Medical College. Second edition. W. 
B. Saunders Co., Philadelphia, 1957. 
xxviii + 867 pp. 151 figs. 77 tables. 
16 X 24cm. $12. 


THE new edition of this textbook, 
appearing three years after the first, has 
been revised to reflect the recent advances 
in various areas of biochemistry. No 
major changes have been made in the size 
or the presentation of the subject matter. 
However, some modifications have been 
introduced, e.g., the adoption of the 
Haworth formulation of carbohydrates in 
place of the projection formulation, 
abbreviation of the discussions on the me- 
tabolism of individual amino acids by the 
use of schematic illustrations, and the 
addition of new data and structures to 
several chapters. The excellent subject 
index (80 pages) was further expanded in 
the second edition to extend its usefulness 
as a source of biochemical information. 

The book is lucid, condensed, and 
easily read. It is written primarily to 
meet the needs of the first year medical 
student and it adequately achieves this 


aim. 

In the belief that the medical student in 
his preclinicai study years is not in a 
position to appreciate the significance of 
clinical biochemistry, the authors in- 
tentionally avoided the discussion of bio- 
chemical abnormalities in disease. It is 
the reviewer’s opinion, however, that in- 
dicating the present and potential medical 
applications of biochemistry to the student 
arouses his interest in the subject. A 
brief and simple discussion of the common 
metabolic diseases, at the appropriate 
places in the text, would have been a help- 
ful contribution toward this aim. It is 
an admitted fact that failing to inform the 
medical student of the significance of 
biochemistry to his professional training 
leaves him with little enthusiasm for this 
field of study, which is often, to him, hard 
to grasp. 

For the sake of brevity, the authors con- 
densed a large bulk of biochemical sub- 
ject matter, as known today, without ref- 
erence to its historical development. Al- 
though they have done a fine job in giving 
a concise, up-to-date presentation, such an 
approach has its limitations. Using ‘he 
historical background in discussing seme 
topics would have provided the student 
with a better understanding of the nat:ire 
and development of the scientific endea\ or, 
not only as a means of acquiring fa:ts, 
but also as a powerful tool for fighting ‘he 
plagues of humaaity. 


(Continued on page A564) 
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A Successful Chemistry Course 


© 


—— on Many Factors 


—not the least of which is a good text! 


Routh’s 
20th CENTURY CHEMISTRY 


Here is an ideal text for students planning to take 
only one year of chemistry. Dr. Routh stresses the 
principles underlying all chemical knowledge and the 
application of these to specific uses in everyday life. 
The three sections of the book present the funda- 
mentals of inorganic, organic and biological chemistry. 
For this New (2nd) Edition, the chapter on Radio- 
activity and Nuclear Energy has been expanded and re- 
vised to clarify nuclear reaction. It includes much 
current material on the application of nuclear energy 
for the production of power, for industry, for medicine 
and biological research. Definitions of acids and bases 
have been expanded and now include the Bronsted 
theory. The latest ideas on the absorption of fat are 
included; also a section on oral substitutes for insulin. 


By Josepn I. Routn, Ph.D., Professor of Biochemistry, State University of 
Iowa. 613 pages, 5*/,” X 8”. with 267 illustrations $6.50. New (2nd) Edition! 


Noller’s CHEMISTRY of 
ORGANIC COMPOUNDS 


Many students complain that the elementary course in 
organic chemistry is merely “memory work.” Dr. 
Noller has attempted to meet this objection by using 
theories to explain facts. Many clear illustrations and 
diagrams are also used to gain and hold the student’s 
attention. The book presents basic organic chemistry 
in rich detail for an intensive course. Compounds are 
discussed in the light of the theory of gross structures. 


An entire chapter is devoted to the absorption of 
electro-magnetic radiation. Other topics include: use 
of dinitropheny! fluoride for determining the structure 
of insulin—the anhydro sugars—behavior of small ring 
con.pounds—new commercial processes and products. 
Re) iew questions follow each chapter. 


R. Professor of Stanford University. 977 pages, 
x 91/4", with 105 Whnettalions. $9.00 Second Edition! 


Fischer's QUANTITATIVE 
CHEMICAL ANALYSIS 


Here is a clearly written text with more than enough 
material for a one semester quantitative analysis 
course. It includes introductory material, gravimetric 
and volumetric methods of analysis and a discussion of 
optical and electrical methods of analysis. The 
unit operation approach has been used throughout in 
describing laboratory operations and in outlining the 
various schemes of analysis. The book’s organization 
permits adaptation to varying circumstances so that 
either gravimetric or volumetric analysis may be taken 
up immediately following the introductory material. 
Non-chemistry majors are more likely to subsequently 
use the optical and electrical methods discussed in 
part IV than many of the more basic gravimetric and 
volumetric methods. 


= Rosert B. Fiscuer, Associate aged of Chemistry, Indiana University. 
1 pages, 7” X 10”, illustrated. $5.50. 


Harrow and Mazur's 
TEXTBOOK of BIOCHEMISTRY 


Here is a remarkably well developed text, presenting 
a clear picture of biochemistry in readable, thoroughly 
up-to-date terms. This New (7th) Edition leads the 
reader naturally from one topic into another—fully 
preparing him for the discussions which follow. The 
authors first give you material on the organic constitu- 
ents of the cell. Next they present a general descrip- 
tion of enzymes and their mode of action. This is 
followed by a study of blood and respiration, which 
introduces biologic oxidation and the intermediary 
metabolism of carbohydrates, lipids, etc. Specialized 
topics, such as energy metabolism, vitamins, immuno- 
chemistry, etc., are reserved for the latter part of the 
book. The improvements and additions which run 
through this revision make it practically a new book. 

By BeNnsamiIn =. Ph.D., Professor Emeritus of Chemistry; and Apna- 


HAM Mazur, Associate Professor of Cc college. New York. 
557 pages, 61/2” & 91/4", with 136 illustrations. $7.50 (7th) Edition! 


Gladly sent to College Teachers for Consideration as Texts 


W. B. SAUNDERS COMPANY west Washington Square, Philadelphia 5 
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BURRELL “For Scientists Everywhere” 


LABORATORY FURNACE 


Model LGH 


For Dependable Operation 
At High Temperatures 


Superbly designed and built for 
continuous performance at tem- 
peratures to 2500° F. Delivered 
ready to plug in and use. 


With Swing- 
For Ease of Access 


Cat. No. 37-428 (11 5v.) or 37-429 (230v.) 
Price F. O. B. Pittsburgh, Pa. ...... 875.00 


Request Bulletin No. 515 
BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


7A biography of one of the 
immortals in 


EDWARD WILLIAMS MORLEY 


His Influence on Science in America 
by Howard R. Williams 


“This is the biography of one of the immortals in science, Edward 
Williams Morley, professor of chemistry and natural history from 
1869 to 1906 at Western Reserve College and University.” 


“This biography tells not only of scientific achievements but also 
portrays the character and human qualities of a truly great man. 
The reader seems to be transplanted to a very different period from 
today, the nineteenth century. The author writes his story with a 
feeling of affection and admiration for his subject and in turn this 
feeling is passed on to the reader. From this biography, the reader 
will know not only Morley the scientist but also Morley the man.” 


“This book is recommended to the many who enjoy biography, to 
chemists and other scientists. Students in high school and college, 
when the going is sometimes hard, will be inspired in their own work 
by the examples of Morley’s victories over discouragements and by 
his devotion to scientific pursuits. With its good format, typography 
and binding, the book might well be a most acceptable gift. It 
should find a place in all public and school and university libraries as 
well as on the shelves of most chemists.” 


NORBERT A. LANGE, Marion Cleveland Lange 
Journal of Chemical Education, March, 1958 


293 pages $65° 


CHEMICAL EDUCATION PUBLISHING CO. 
Easton, Pennsylvania 
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These omissions are minor, however 
and the second edition of this text de- 
serves the same cordial reception offere: 
to its predecessor. 


EZZAT 8S. YOUNATHAN 
Fioriwa State UNIVERSITY 
TALLAHASSEE, FLORIDA 


THE PHYSICAL CHEMISTRY OF 
ELECTROLYTIC SOLUTIONS 


Herbert S. Harned, Professor of Chem- 
istry, Emeritus, and Benton B. Owen, 
Professor of Chemistry, Yale University. 
Third edition. Reinhold Publishing Corp., 
New York, 1958. xxxi+ 803pp. 16 x 
23.5 cm. $20. 


In: THE eight years since the appearance 
of the second edition of Harned and Owen's 
well-known treatise on electrolytic solu- 
tions, the literature dealing with this field 
has been quite extensive with important 
advances having been made in some 
cases. For this reason, the third edition 
should be of considerable importance to 
those interested in the field. The previous 
material has been substantially revised and 
approximately 150 pages of new material 
has been distributed among the same 15 
chapters. 

One of the most serious criticisms of the 
earlier editions concerned the inclusion of 
data based on incorrect values of the fun- 
damental constants. This has been rec- 
tified by changing the appropriate tables 
and the numerical coefficients in all 
numbered equations throughout the book 
to conform with the values recommended 
by the Subcommittee on Fundamental 
Constants, National Research Council, 
1952. The inclusion of both a subject and 
chemical index is commendable whereas 
the reduction of the excellent table of 
contents of the previous editions to a mere 
title for each chapter is most regrettable. 
The paper used in this edition constitutes 
a definite improvement and although the 
new material contains a number of typo- 
graphical errors, many are of a trivial or 
obvious nature. 

The main importance of this new edition 
consists in the coverage it gives to some of 
the latest developments in the field of 
electrolytes. These include: irreversible 
thermodynamics and its application to the 
Soret effect, liquid junction potentials and 
the equilibrium centrifuge; Mayer’s Clus- 
ter Sum Theory for the calculation of 
activity coefficients; Onsager and Kim’s 
general theory of the Wien effect for strong 
electrolytes; Fuoss and Onsager’s con- 
ductance theory, that includes higher 
order inhomogeneous terms and the ion 
size parameter, and its application to both 
associated and unassociated electroly ‘es; 
McKay’s method of handling activity 
coefficients in solutions containing ‘wo 
electrolytes. In each case above, the 
book contains at least an outline of the 
theory, a table of constants necessary for 
calculation, and an application to recent 
measurements. 


(Continued on page A566) 
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Since Publication Just Published 


(March 1957) 


A carefully prepared and comprehensive 
treatment of the fundamental principles of 
quantitative analysis, both theory and 
practice: 


QUANTITATIVE 
CHEMICAL 
ANALYSIS 


Gilbert H. Ayres 


®@ 89 adoptions the first year 


@ 62 new adoptions through 
September 1958 


GENERAL 
COLLEGE 
CHEMISTRY 


Jesse Herman Wood 
Charles William Keenan 


Designed for a full-year course, but is so arranged 


“This book presents the material in a very clear 


that material for a one-semester course may be 


manner with the proper emphasis on historical 


background. At the same time the calculations readily selected. 


are done step-wise so that no student could fail 
to appreciate the manipulations and data neces- 
sary for the final results.” 


More thorough treatment than usual of equilib- 


rium in reactions involving precipitates, weak 


—Robert H. Pallen, University ot 
Western Ontario 


acids and bases, and complex ions, and of the 


writing of ionic equations. 


| particularly like the way 
that the elementary concepts are presented; con- 
siderable care is taken to make these realistic and 
acceptable to a beginning student.” 


—G. F. Kinney, U. $. Naval Postgraduate 
School, Monterey, California 


It is a very fine job. More space devoted to the application of the 


Mass law to ionogens, and to oxidation-reduction 


theory and applications than is customary. 


Experiments are annotated to give explanations, 


possible sources of error, precautions. An 


introduction to some physicochemical methods 


of analysis. 


Also Available... 


A section on exponential notation, and the use 


LABORATORY MANUAL FOR 
GENERAL COLLEGE CHEMISTRY 


Jesse Herman Wood 
William T. Smith, Jr. 


of logarithms and slide rule. 


Illustrative problems, plus 400 problems for prac- 


(Answers are available to teachers.) 


HARPER & BROTHERS, 49 EAST 33d ST., N. Y. 16 
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Kecent Sooke 


The section on diffusion has been sub- 
stantially enlarged to include the most 
recent data for dilute and concentrated 
solutions besides a discussion of self and 
exchange diffusion. Both the electro- 
motive force and the equilibrium centrifuge 
are covered in some detail. I would crit- 
icize tue author’s mention of the electro- 
motive force centrifuge in a section entitled 
The Equilibrium Centrifuge since the 
former is anything but an equilibrium 
measurement in the same sense as the 
latter which involves measurements at 
sedimentation equilibrium. It might also 
be noted that the density of the solvent has 
been used in the equation for the emf 
instead of the density of the solution. 

A comment can also be made con- 
cerning conductance equation 6-11-43 
which is linear in X. The intercept Ji 
can only be evaluated by an extrapolation 
to zero X. The extrapolation to zero 
concentration is somewhat confusing since 
the identical result is obtained by picking 
any point on the best straight line and 
solving the linear equation. 

In its present form the book represents 
as comprehensive and up-to-date a cover- 
age of the field as one can expect in a 
single volume. 


ROBERT L. KAY 
Brown UNIVERSITY 
ProvipENCcE, RHopE IsLaAnpD 


EXPERIMENTS IN BIOCHEMICAL 
RESEARCH TECHNIQUES 


Robert W. Cowgill, Asst. Prof. of Bio- 
chemistry, University of Colorado School 
of Medicine, and Arthur B. Pardee, 
Asst. Prof. of Biochemistry, University of 
California. John Wiley & Sons, Inc., 
New York, 1957. vi+ 189 pp. 21 tigs. 
16 tables. 15.5 XK 23.5 cm. $3.50. 


Tuis is a good text for a difficult sub- 
ject. A graduate course in laboratory 
techniques is necessarily personal in both 
method and content. Few laboratories 
and perhaps fewer  biochemists are 
equipped to instruct advanced students in 
all the many experimental techniques avail- 
able for biochemical research. Cowgill 
and Pardee have collected and described 
a number of excellent experiments and 
while many laboratory courses will in- 
clude additional or alternative experi- 
mental procedures, most instructors will 
find this book an important addition to 
their teaching library. 

The book is divided into three sections: 
I. Physical Chemical Methods for Sep- 
aration and Identification of Biologi- 
cally Important Compounds; II. Bio- 
chemistry of Enzymes; and III. Radio- 
active Isotope Tracer Techniques. The 
lipid chemist will be pleased by the first 
section since many of the experiments 
which illustrate distillation, countercur- 
rent distribution, and column chroma- 
tography, involve the separation of lipids. 
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tography on ion exchange cellulose is too 
reeent for inclusion in this section. Sev- 
eral good experiments with filter paper 
chromatography and zone electrophoresis 
are described. The experiment on pep- 
tide structure offers a challenge to the 
student; however, the classical FDNB 
procedure is over-emphasized and the 
phenylisothiocyanate procedure men- 
tioned only in a footnote. 

The 17 experiments in the second 
s:ction illustrate many aspects of en- 
biochemistry. The experiments 
with a purified enzyme, chymotrypsin, 
and the experiments describing the pH 
meter and _ spectrophotometer, belong 
in a general biochemistry course. The 
remaining experiments are often in- 
genious and always informative. 

The section on radioactive isotope 
tracer techniques is disappointing. The 
application of C' to intermediary me- 
tabolism is illustrated by two excellent 
experiments; however, this section is 
limited to C'* and the Geiger-Miiller 
counter. Scintillation counters are not 
described and many important tracer 
techniques, for example, the labeling of 
proteins with I'*!, are neglected. It is 
unfortunate that the authors have limited 
this section to radioactive isotopes. 
Stable isotopes, although more difficult 
to assay, are regaining their importance 
in biochemical research. 

This is a well-written book. The 
experimental procedures are carefully 
outlined, clear, and concise. The lit- 
erature references are recent and com- 
prehensive. It is highly recommended 
as an advanced laboratory text. 


DAVID G. CORNWELL 
State UNIVERSITY 
Co.tumsvs, 


ADVANCES IN CHEMICAL 
ENGINEERING. VOLUME 2 


Edited by Thomas B. Drew, Department 

of Chemical Engineering, Columbia Uni- 

versity, and John W. Hoopes, Jr., Atlas 

Powder Co., Wilmington, Delaware. Aca- 

demic Press Inc., New York, 1958. x + 

+ pp. Many figs. 16 X 23.5 cm. 
50. 


1 of “Advances” appeared two 
years ago [reviewed J. Cuem. Epuc. 33, 
598 (1956) ], although chemical engineering 
certainly is advancing rapidly enough for 
an annual volume. Unfortunately the 
me! making the advances may be too 
wl to write review articles concerning 
them. 

The style of ‘“Advances’’ continues io be 
thet of authoritative review articles, rather 
than a collection of literature citations. 
This volume contains six such reviews. 
The first, Boiling of Liquids, by J. W. 
Westwater, is a continuation of the lead 
article in Volume I. Others are: Auto- 
matic Process Control by E. F. Johnson; 
Treatment and Disposal of Wastes in 
Nuclear Chemical Technology by B. 


(Continued on age A568) 


VOLUME 35, NO. 11, NOVEMBER, 1958 


Biological Ultrastructure 


By ARNE ENGSTROM, Karolinska Institutet, Stockholm, Sweden 
and J. B. F INEAN, The University, Birmingham, England 

1958, 326 pp., illus., $8.00 
CONTENTS: From Microscopic Morphology to Molecular Structure. 
Methods in Ultrastructural Research. he Principles of Molecular Struc- 
ture. The Role of Proteins. The Role of Lipids. The Role of Carbohy- 


drates. Role of Nucleic Acids. Role of Mineral Salts. The Role of 
Ultrastructure in Biology and Medicine. AUTHOR INDEX—SUBJECT INDEX. 


**. .. The book is to be greatly welcomed... and at present it has virtually 
no competitors.”’ —The New Scientist 


Russian-English Medical Dictionary 


By STANLEY JABLONSKI, National Library of Medicine, Washington, D. C. 
Edited by B. S. LEVINE, formerly National Institutes of Health, Bethesda 
October 1958, 423 pp., $11.00 


THIRD REVISED EDITION 


The Origin of Life on the Earth 


By A. I. OPARIN, Member of the Academy of Sciences, U.S.S.R. 
Translated from the Russian by ANN SYNGE, Aberdeen, Scotland 
1957, 495 pp., illus., $6.80 


Descriptive leaflets available upon request 


ACADEMIC PRESS INC., Publishers 
111 Fifth Avenue, New York 3, New York 


Important Holt Books in Chemistry: 


THORFIN R. HOGNESS AND WARREN C. JOHNSON 
University of Chicago 


Introduction to Qualitative Analysis 
1957, 376 pp. 


Qualitative Analysis and Chemical Equilibrium 
Fourth Edition 


1954, 621 pp. 


e 
To be published in Spring: 


EDWIN 8S. GOULD 
Brooklyn Polytechnic Institute 


Organic Structure and Reaction 
A Textbook in Physical Organic Chemistry 


HENRY HOLT & COMPANY 
383 Madison Avenue, New York 17 


us 
eM? 
H TROUBLE 
FUNNELS 
TION 
ARTICLES J 
| 
gt 
G 
= = 
4 
| 
| 
LE 
2. 
| PP, 
( 
Papers, write 
TAL 
gs, Pa. 
EDUCAT:ON AS6 


ie The film consists 6 


Ac Roi 
ges. The 


have one, as do the 


es|major West German cit 


been 


year. The Special Size Alberene Stone Sinks 


oted that it 
2 drawn-out 
n two-thirds. 


are Available at No Extra Cost 


forecasts 


ing its native|All Alberene Stone Sinks are 
ind, has pene-|mMade to specifications. Inte- 
the Antarctic/gral drainboards and splash- 
‘headed almost |backs are also available. There 
are no premium charges for 


' South Pole. 
3 of the Reynolds 


special sizes. 


ined last year, de-| Alberene Stone is a natural 
es, the aluminum|Silicate stone. It has no sur- 
bricator reported|face glaze to chip, crack or 
erday. peel. Its all-silicate mineral 
ted net income of;components resist chemica 
qetnek. Its low absorbency rat 


of 0.15% makes it essentially 
nonstaining. Discoloration can 
be removed by scouring or 
honing without harm to the 
surface — which goes all the 
way thru. 


For full information and 
technical assistance address: 
Alberene Stone Corporation, 
386 Fourth Avenue, New York 
16, N. Y. Dept J. 


provides LOW ABSORBENCY protection 


Recent Sooke 


Manowitz; High Vacuum Technology 
by G. A. Sofer and H. C. Weingartner; 
Separation by Adsorption by T. Ver- 
meulen; and Mixing of Solids by S. S. 
Weidenbaum. 

As before, all are excellently written 
reviews; figures and tables are used gen- 
erously; and the review is concluded with 
a table of nomenclature and a lengthy 
list of references. We hope that these 
volumes can appear annually to try to 
cover more completely the broad field oi 
chemical engineering. 


KENNETH A. KOBE 
University oF Texas 
Austin, Texas 


FILM FORMATION, FILM PROPERTIES 
AND FILM DETERIORATION 


Edited by Charles R. Bragdon. Inter- 
science Publishers, Inc., New York, 1958. 
xv + 422 pp. Many figs. and tables. 
16 X 23.5cm. $9.75. 


Wuat happens during the lifetime of « 
paint film? This book, written for the 
scientists of the organic protective coat- 
ings’ industry by members of the Re- 
search Committee of the Federation of 
Paint and Varnish Production Clubs, 
gives answers which reflect the present 
status of knowledge. There is a great 
deal of data, description of experiment, 
discussion of results, but little definitive 
knowledge to pass on to the non-spe- 
cialist in summary form. 


ADVANCES IN PROTEIN CHEMISTRY. 
VOLUME 12 


Edited by C. B. Anfinsen, Jr., National 
Heart Institute, Bethesda; M. L. Anson, 
Cambridge, Massachusetts; Kenneth 
Bailey, Cambridge, England; and John 
T. Edsall, Cambridge, Massachusetts. 
Academic Press, Inc., New York, 1957. 
x + 687 pp. Many figs. and tables. 
16 X 23.5cm. $14. 


THE current volume in this well-known 
series is equal to the high standards of 
preceding volumes. As usual, each article 
is written by one or more of the outstand- 
ing research workers in the field, and con- 
sists of a summary of early work and 2 
thorough, detailed presentation and an:l- 
ysis of the recent developments. [0 
many cases, modern techniques 27¢ . 
described, and the results and significance 
of the use of these techniques are discuss«d 
in considerable detail. Sufficient ¢\- 
perimental data are presented to allow t'c 
reader to evaluate for himself the validi'y 
of conclusions and interpretations. An’ 
extensive bibliography is a at the 
end of each article. 

The volume concludes with thoroush 
author and subject indexes. 


(Continued on page A570) 
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running it through the projectors 
sold by the audio-visual dealers. 
Our intentions are direct and praise- 
worthy. We want large numbers of 
persons to visit the audio-visual 
dealers, to discuss with them such 
matters as the advantage of a 25- 


of research on how to improve them 
even further than they have already 
been improved by all the research 
they cite. 


Their views and those of the conferees 
are given in a book entitled ““Graphic 
Communication—and the Crisis in Edu- 


linkage in compounds that are not 
supposed to have any. “You are 
seeing carbonyls in your sleep,” 
the boss chid our normally genial 
chief control chemist when he came 
in all worried and upset about find- 
ing a carbonyl dip in the spectrum 
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oxide for intramural reasons, a pe- 
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cumulate. Infrared spectroscopy 
showed it to be 4-methyl-4-penten- 
2-one, an unconjugated isomer of 
properly conjugated mesityl oxide. 
A busybody among us who is quick 
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IN BALANCES 


it’s the little things that count 


“I work for a laboratory supply house 
and know that there are a lot of little 
things about a balance. Some of these . 
are tangible, some intangible — some 
priced and some priceless. 


“The intangibles, like skill, workmanship and ex- 
perience, the things that go to make up quality 
and value, are hard to spell out for a fine instru- 
ment, but easy to get in a balance... by just 
specifying Ainsworth! 


“When talking to my customers I keep these in- 

tangibles in mind because I like tangible (and 
priceless) things like a satisfied customer — like 
a man with a new Ainsworth balance.” 


Ainsworth Balances and Weights... 
all have the “little things that count.” 


@ Analytical. Types: chain, rider, keyboard, 
Right-a-Weigh one pan, and automatic 
recording. 

Micro, Semi-Micro and Assay. Types: rider 
and keyboard. 

@ Weights: metric, class M, S and S-1. 


All Made in U.S.A. 


1. & 


LAWRENCE STREET + DENVER 5, CO! 


_ See Your Laboratory Supply Salesman or Write for Information 


The first article by Harold A. Scherag: 
and Michael Laskowski, Jr., is a detaile:/ 
and critical presentation of the physicc- 
chemical processes involved in the conver- 
sion of fibrinogen to fibrin under th - 
influence of thrombin. Methods for th» 
purification of prothrombin, of thrombi: , 
and of fibrinogen are presented, and the 
precise nature of the steps involved in th» 
interaction of highly purified thrombin an.) 
fibrinogen to form fibrin is discusse:. 
Considerable attention is given to the 
physical chemistry of the polymerization 
reactions and to the factors influencing 
them. 

Recent developments in the applicatio:s 
of X-ray diffraction techniques to the 
elucidation of protein structure and con- 
figuration are summarized by F. H. C. 
Crick and J. C. Kendrew in the second 
review. The recent discoveries made hy 
using these techniques with fibrous pro- 
teins such as silk and keratin and with 
crystalline proteins such as hemoglobin 
and advances in the elucidation of the 
structures of viruses are summarized. 

The third review is 1 thorough discussion 
by Harvey A. Itano of human hemoglobins 
with special attention to their properties 
and to genetic control of these properties. 
The physical and genetic bases for dis- 
tinguishing among various types of hemo- 
globin are presented, and the methods 
used in establishing identity are sum- 
marized. 

The fourth article is a continuation of a 
summary of work on the hormones of the 
anterior pituitary gland by Choh Hao 
Li; it reviews recent work on the mel- 
anocyte-stimulating and lactogenic prin- 
ciples. 

The activation of zymogens is discussed 
by Hans Neurath. Studies on the kinetics 
and mechanics of the conversion of trypsin- 
ogen and chymotrypsinogen to their 
active forms are summarized. Differences 
between rapid and slow activation are 
presented, and some attention is given to 
the structures of these enzymes and their 
precursors. 

The chemical nature of antibodies is 
discussed by Henry C. Isliker in the sixth 
review, presenting in some detail the 
purification of antibodies by physicochem- 
ical and by immunochemical methods. 
Under the heading Heterogeneity of 
Antibodies and Related Compounds, 
the methods of separating and charac- 
terizing various types of antibodies and 
blood proteins having antibody-like prop- 
erties are discussed. 

The last article, on the synthesis of 
peptides, presents concise and lucid sum- 
maries of practically all the well-establis!ied 
methods for combining amino acids with 
one another. Considerable attention is 
given to special aspects of peptide synt|ie- 
sis, chiefly the problems peculiar to the 
formation of peptides of amino acids 
having reactive groups in the side ch:in. 
More than 100 ‘pages are devoted to 
tables of the physical properties of var’ us 
peptides. 


GORDON H. PRITH\M 
PENNSYLVANIA STATE UNIVERSITY 
UNIVERSITY PARK, PENNSYLVANIA 
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Recent Kusscan Research tn 


CHEMISTRY 


at your fingenrtif~er in 
these translated journals. . 


Chemistry Sections of the 
Proceedings of the Academy 
of Sciences, USSR (Doklady) 


OKLADY CHEMISTRY SECTIONS present concise reports on 
basic research in the chemical sciences. These papers 
are all original, and are not published anywhere else. 
These sections have been published by Consultants 
Bureau since 1956, and are translated by bilingual chem- 
ists. Each contains all tabular, diagrammatic and photographic 
material integral with the text, and is reproduced by the 
multilith process from easy-to-read IBM “cold” type. 
As is shown below, a substantial saving is effected when the 
first four sections are purchased together. Back issues are 
available in limited quantities only: 


CHEMISTRY SECTION 


Presents succinct coverage of the most up-to-date theoretical 
and practical aspects of chemistry. (Annual Subscription: 6 
issues, approx. 800 pages, $110. 00. Back Issues: 1956-1957, 


AND 
POWERFUL 


CENCO® 
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STIRRER 


LOW PRICED AT 
$2950 


For the first time, a really 

low price variable speed magnetic 
stirrer . . . powerful enough 

to stir a beaker of 

pure glycerin 


ORDER TODAY. 


the most complete line of scientific instru- 
ments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1718- -E Irving Park Road 
and Wi 


Clara Los os. Angeles ols 
Houston Montreal Vancouver Ottawa 
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$95. 00/year. ) 


CHEMICAL TECHNOLOGY SECTION 


A concise review of technological advances made in Soviet 
chemistry. (Annual Subscription: 6 issues, approx. 135 
pages, $25.00. Back issues: 1957, $15.00; 1956, $30.00) 


AGROCHEMISTRY SECTION 


Pithy information on the most significant Russian research in 
soil chemistry. (Annual Subscription: 6 issues, approx. 110 
pages, $15.00. Back Issues: 1957, $15.00; 1956, $20.00) 


GEOCHEMISTRY SECTION 


Leading Soviet geochemists provide stimulating papers on all 
aspects of the field. (Annual Subscription: 6 issues, approx. 
150 pages, $25.00. Back Issues: 1957, $15.00; 1956, $20.00) 


NOTE: Annual Subscription to the above four sections: $135.00 


Back Issues: 1957, $125.00; 1956, $135.00 


PHYSICAL CHEMISTRY SECTION 


Authoritative information on Soviet research in chemical 
kinetics, interface phenomena, electrochemistry, absorption spectra, etc. 
(Annual Subscription: 6 issues, approx. 500 pages, $160.00. 
Back Issues: 1957, $160.00) 


At your bookstore, or write directly to 


CONSULTANTS BUREAU, INC. 
227 W. 17th St., NEW YORK 11, N.Y. 
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COOR 


PACKAGED CONVENIENTLY 
COORS New PACKAGING PROGRAM 


brings you the world’s finest Laboratory Porcelain as 


you want it. PACKAGED RIGHT... 


PACKED RIGHT... 
Modern packages designed to protect the ware SHIPPED RIGHT... 


assures delivery in clean, unbroken condition ready 
for immediate use. 


is the best buy 


For further protection in transit Coors Porcelain is 
packaged in serviceable containers without the use of 
messy excelsior, clean and ready for use on receipt. 


Handy packages make stock keeping easier. at 


Important savings are yours when you buy Coste 
Porcelain in convenient package quantities. s 


Coors PORCELAIN COMPANY 


Provides simple, modern ju measuring pH accurately in 


Makes it easy for untrained, unskilled persons to learn te 
make pH readings. 


Eliminates errors due to iceie techniques, turbidity, 
presence of oxidizing or reducing 


inexpensive $125. oc 


Instrument size: 3 x 5% 
size: 3% inches Analytical Measurements, Inc. 
“mide tbe, 585 Main Street, Chatham, N. J. 
Completely a -contained in waterproof ever-ready case with 7 Please send full information about your pocket pH meter to: i 
Name 
Eliminates supports and beakers b bining the celom . 
if ~ ppo eakers by com 9 celomel 
J glass electrodes with the le holder, Com 
j Address 
} Permits continuous, direct reading of pH buttons 
| held down or dich : City State 


JOURNAL OF CHEMICAL EDUCATION 


, COL 

| pH readings oh-the-spot 
> 
| 

H 
aa) the Analytical pocket pH meter and revo utionary pH probe unit 

Strips pH determinations of all complications _ 

f 


Aloe-Narda Ultrasonic 
Cleaning Equipment is 
Fast / Low Cost / Efficient 


The right generator plus the proper transducerized tank 
furnishes the ideal ultrasonic system for cleaning almost any- 
thing you can think of . . . Glassware, hot lab apparatus, medical 
instruments, electronic components, optical and technical mech- 
anisms . . . and so on. Whatever the problem, these ultrasonic 
systems can be the answer to doing it faster, cheaper, and more 
efficiently. 

Operation is simple and easy. Just plug into any 115V, 60 
cycle outlet. Fill the tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning economies are yours. 
Excellent for other purposes too — like brightening, polishing, 
decontaminating, pickling, deburring, plating and degassing. 


To determine the exact model you need, write 
for prices and more details. now. 


aloe scientific oivision of 4. s. COMPANY 


5655 Kingsbury ¢ St. Lovis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 


Griffin 
CATHETOMETER | 


$ 31-950 = 


This fine quality cathetometer 
offers new economy combined 
with high precision. It is a 
sturdy instrument, sufficiently 
strong for constant duty and 
yet of research accuracy, at 
a price which makes it at- 
tractive in all fields of use. 


* Vernier reads to 0.01 mm 

* Range 100 cm Manufactured in England by 

* Precision scale engine GRIFFIN & GEORGE (SALES) LIMITED 
divided to 0.5 mm Ealing Road, Alperton, Wembley, Middlesex, England 

* Level sensitive to 10 seconds . ‘ Marketed in the United States by 

* For vertical or horizontal use THE EALING CORPORATION 


* Telescope with rack and 33 University Road, Cambridge 38, Massachusetts 
pinion 


SDUCATION VOLUME 35, NO. 11, NOVEMBER, 1958 AST73 


ge 
; 
= 
> 
eee 
it = 
= 
i = 4 
= — 
| 
meter to: i 
i 
© 


than steel... NoTHING Is STRONGER SAFER 
° MORE ECONOMICAL FOR SCHOOL LABS THAN 


SCIENCE FURNITURE 


Why is it that most new installations for school labora- 
tories specify steel—and nothing but steel? You know 
the answer from experience...that wooden laboratory 
furniture deteriorates, rots and needs constant, costly 
maintenance. Educators and architects protect school 
investments with safer, more durable, quieter, 
maintenance-free and more economical STEELAB Sci- 
ence Furniture. Yes—STEELAB gives you MORE...ond 
actually costs you LESS! 


Write today tor Complete 
STEELAB Catalog No. 59E-J 


STEELAB Ruggedized 
Educational Science Furniture — 
Built with the Beauty and 
Strength that only I can give 


+ SINKS 


CABINETS * STORAGE CASES 
FUME HOODS ® ACCESSORIES 


== ABORATORY 
FURNITURE 


COMPANY... 


Since 1920—Over 50,000 Installations © WIMEOLA, LONG ISLAND, N.Y. © PHONE: Pioneer 2-3600 


CENCO® 
COULOMETRIC 
TITRATOR 


FOR RAPID AUTOMATIC 
TITRATIONS 


Measures both 
mercaptans 
and olefins 
accurately ... 
| automatically 
Simple to 
operate. 
i Titrates wide 
| range of 
{ concentrations. 
| Registers reaction 
time directly in 


tenths of a second. ‘ 
Write for 

‘| Bulletin 1264A. 

{ Licensed under patent rights Standard Oil Co. (Ind.) 
CENTRAL SCIENTIFIC CO. 

1718-E Irving Park Road Chicago 13, Illinois 

| B hes and Wareh — Mountainside, N. 3. 

® Boston ¢ Birmingham © Santa Clara Los Angeles @ Tulsa 

Houston Toronto Montreal Vancouver Ottawa 


...... @ most useful reference."= 


25-Year CUMULATIVE INDEX 


Journal of Chemical Education 
(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.”’ 


Science Education, April 1954 


0 
$4.°° posteaip ($4.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


JOURNAL OF CHEMICAL EDUCATION 
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NO. 77-678 $29.00 
VARIABLE SPEED 


NO: 77-677 $22.50 
(without agitator) 


SINGLE SPEED 


NEW Eberbach HOLLOW SPINDLE 
LAB-STIR 


SPARKLESS INDUCTION MOTOR 
QUIET OPERATION 
CONTINUOUS DUTY 


“Hollow Spindle’ LAB-STIR is now offered in two 
models—single speed which runs at 1500 r.p.m. and vari- 
able speed with rheostat control that operates between 
100 and 1550 r.p.m. under load. Both are suitable for 
continuous, light duty laboratory stirring and can be 
mounted on any laboratory support. The Hollow 
Spindle minimizes “wobble’ and permits use of non- 
corrosive more fragile plastic and glass stirring rods. 
Convenient fingertip adjustment of the stirring rod’s 
working length can be made without disturbing work 


Fberbach 


CORPORATION 
P.O, Box 63 Ann Arbor, Michigan 


Acetonedicarboxylic Acid, 
ne lodide, cis- 
tie A joride; Adenosine Diphosphate, 
Arachidonic Ac’ 


E Circule- 


iol, 
Endosuccin Equile ilin ie Acid; 
Ac 
Gitoxin; Glucoesec Acid; Gluco- 
‘iden, Glucwronides, PR Phosphate; 
Glycylleucine; Glycy ‘jophane; Glyc Hexo- 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide, 
Acid; Isoascorbic Acid; Isocitric Acid; lsocytosine; 
Kyaurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium sy Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Ac 
Methyl-bis-Chloroethylamine; 


thyl-N’ ed; Neurine Bromide; 
ylures; Nordihydroguaiaretic Acid; Osmie Acid; 
Penicillinase; Peroxidase; Phenolohthalein 


Reductic 

ide; Sodium Sphin- 
Tantalum Chioride; o-Ter- 
iomalic Acid; 


Grosse Uridine; Uro- 


Acid; Vitamin Biz. 


Ask us for others! 


NOW 
TITRATIONS by 
AUTOMATION 


Make titrations a 
routine function for 
lab assistants! Cenco’s 
new Color « Matic End- 
point Detector and 
Volumatic Syringe 
enable quick, suc- 
cessive determi- 
nations — just 
push a button 
and read a 
number. Elimi- 
nates human ele- 
ment and drainage er- 
rors. Precise to within a few 
Fre per thousand. Write for 
Bulletin 285. 
No. 20925 Color « Matic Endpoint Detector .$595.00 
No. 20926 Volumatic Syringe $295.00 


CENTRAL SCIENTIFIC CO. 

1718E Park Road 13, | 
Totes 

Boston Boston» Birmingham Santa Clara Anges 


Furniture — 
and progress. 
eel can give i 
i 
Write for Bulletin 440-H Fl 
Ploneer 2-3600 t 
: 
nce. 
ru avatlalle 
ic Acid; p-Chloromercuribenzo: 
Hormone; Clupein; Collagen; 
We 
& 
odium Am 
Fopherol 
_ 23 West 60th St. New York 23,N 
Telephone Plaza 7-6317 
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117 Liberty St, 


APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


Self Adhesive, Consecutive 


Sequex — For numbering samples, 
Labels popers, or other 


objects. Without error 


"444 
Actual size 
Write for samples & leaflet 


R. P. Cargille Laboratories, Inc. 


New York 6, N. Y. 


PARE and FINE ORGANICS 


20-METHYL CHOLANTHRENE 
METHYL CROTONATE 
3-METHYL ANTHRANILIC ACID 
7-METHYL ISATIN 
PENTACHLOROTOLUENE 


Write for Our New 
Organic Chemicals Catalog 


K LABORATORIES 


Incorporated 
29-46 Northern Bivd. LIC 1, N. Y. 


ARAPAHOE 


NEW PRODUCTS 


..introduced by ARAPAHOE in 1957-58 
f now in our new 1958 Catalog and Price 
ist 
2—CARBETHOXYCYCLOPENTANONE 
Contains e minor, undetermined portion of 
carbc th Liquid—no 
special hezerd—ship any way in steel. 
DIMETHYLACETAMIDE 
Liquid—no special hazerd—ship any wey in 
steel. M.W. 87.12—B.P. 165° C. 
PINACOL, Ani us 
Solid—no s hazard—ship 
118. 17—MP. 41° oun 


steel. M. 

of container). 

PINACOLONE, Pure 

Liquid—Flammable—Ship vie rail or truck, in 
steel. M.W. 100.1 .P. 106° C. 
PIVALIC ACID (Trimethylecetic Acid) 
Solid—-no special hazard—ship any way in 
stainless steel or glass. M.W. 102.13—M.P. 
35.5° C. (melt out of container). 
NEOPENTYL ALCOHOL 

Volatile Crystals—No special heazerd—shi 
any way. M.P.5 12-114 
(melt out of ema 

During the past year, we have dpvtigned 0 a 
number of new products for specialized, 
confidential, uses. We feel that some of ham 
will prove ‘valuable in other fields now that 


they ere available. ie of these new items 
are listed above for your IDEA MAN! 


ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET « BOULDER, cat RADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


A.C.S. MONOGRAPHS (out-of-print) 
Now Ready in 3” x 5” Microtext Card Editions — 
Hundreds of other Chemical 
and Scientific Titles Available. 
Write for Complete Reader and List Information 
MICROTEXT PUBLISHING CORP. 

115 Liberty %%., New York 6, N. Y. 


"as ROD CLAMPS 


Best for all 


oints, 
will not rust or slip, 
have no snagging ends. 


to Ph Supper 

Ces 

Write for FREE literature today 

CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


BARIUM CYANIDE l 
NICKEL CYANIDE 
POTASSIUM MANGANICYANIDE 
Some of the many special chemicals we | 
manufacture 


Write for our list of rare outa | 
) CITY CHEMICAL CO 
132 W. 22nd St. New York y i 


RARE 
MINERALS 
MATERIALS FOR NUCLEAR RESEARCH 
Send for New Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 
14 LABORATORY MACHINES 
I From 3-Roller Mill to Tablet Press 
Operated with the same 
I ERWEKA LAB-MASTER MOTOR 
I Write for Free Catalog 


CHEMIPHARM 
90 West Broadway New York 7, N. Y. 


-——CHEM ED BUYER’S GUIDE—— 


CHEMICALS 


Advertising Rates 
$ 9.00 per inch 
a 10.00 per inch 
Less than 6 insertions........ 11.00 per inch 


GOW-MAC 


GAS CHROMATOGRAPHY 
| CELLS . 


Fast! Accurate! 


Thermal Conductivity Cell 
For C. operation. Three 


models in brass or stainless 
steel to meet specialized ap- 
plications. Small internal 
volume, fast response, con- 
venient mounting, electrical 
connection outside of bath. 


Ideal for Use with 

Hydrogen Carrier Gas! 
Gow-Mac 4-wire tungsten 
filament detector @ 440 
ma. recommended for high 
sensitivity. Use with Gow- 
Mac Type 9293-C Special 
Power Supply. 

For Complete Data 

write for Technical Bulle- 
tin 9754 including required 
voltages for obtaining max- 
imum sensitivity at higher 
cell tempera- 
tures; address 
Dept. CE 


GOW-MAC INSTRUMENT CO. 


100 KINGS RD., MADISON. N.J. © FRontier 7.3450 


Economical! 


JOURNAL OF CHEMICAL EDUCATION 


CHRISTMAS SEALS 
AT WORK! 


A most important medical dis- 
covery during the past year was 2 
blood test for the detection of 
tuberculosis. 

Made possible by your purchase 
of Christmas Seals—under a gran: 
from the National Tuberculosis 
Association—it is now undergoing 
widespread trials. 

Continue the fight against TB- 
send in your contribution today. 


and use 
Christmas 
Seals 
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CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


NOW OVER 5/00 
CHEMICALS 


o-Chlorophenylhydrazine 
@ m-Chlorophenylhydrazine 
3-Chloropyridine 

4-Chloropyridine 

4-Chlororesorcinol 

3-Chlorosalicylaldehyde 
3-Chlorosalicylic Acid 
@ Chlorosalol 

e Chlorosuccinic Acid, dl 

e 8-Chlorotheophylline 

6-Chlorothymol 

Cholestanone 

@ Cholesteryl Laurate 

@ Cholesteryl Palmitate 

@ Choline Bromide 

@ Chromium Chromate 

e Chromium Hexacarbonyl 
Chromyl Chloride 

Cineol 

®@ cis-Cinnamic Acid 

@ Clupanodonic Acid 


7 West St York 


\PRONGS 
‘APRONS | 
| pr? laboratory 
| COATS 


GROUP PRICES-BONUS APRONS 
well made - strong tapes- the six 
different qualities with a wide 
price range are designed co fit 
your needs for good aprons at 
the price you want to pay. 


SEND = 


For 
Semples and Prices on : 


7 LABORATORY APRONS 
end COATS 


LAB COATS: Distinctive 
& style- cop quality materials. 
Made especially for lab use. 
Wy Choice of five colors. 
NONE BETTER - Worn by 
thousands. Sent you prepaid 
and your satisfaction guar- 
anteed. Light weight - cool 
+ durable and comfortable. 


A TIME-SAVER FOR THE 
BUSY LAB TECHNICIAN 
RESEARCHER, AND STUDENT 


150 4” X 514” filing cards containin 
in condensed commonly 
laboratory procedures and details of 
methods of preparing all agents used 
in the procedures, including speci 

formulae of required chemicals. An 
accompanying descriptive manual pre- 
sents underlying theoretical concepts 
of procedures. Gathers together data 
heretofore widely scattered in reference 
works. From your bookstore or from 


THE NATIONAL PRESS $4.58 
850 Hansen Way, Palo Alto, Californie 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


without A.E.C. license 


Write for Prices and 
Radiation Safety Suggestions 


Plara7-8171 . ls FOND DU LAC, WISCONSIN | “Quality Products for Atomic Education” 
ADVERTISERS’ INDEX 
Academic Press, Inc...... rer | eee AS75 McGraw-Hill Book Co., Inc......... OFC 
Ainsworth & Sons, Inc., teil A570 Agency: Drury, Lacy, Ferguson, Inc. 
— Schump AS73 Helge Co., The. AS39 & AS41 
erene Stone Corp. of Va.......... gency: arry 
Agency: @. M. Basford Co. Agency: The Rumrill Co., Inc New York Laboratory Supnly Co.,Inc. A560 
gency: ‘trestone Agency mey: A Associates, 
Allied Chemical & Dye Corp......... ASSS Ohaus Scale Corp........ AS41 
Agency: Benton & Bowles, Inc. Fisher Scientific Co................. OBC Agency: Robert M. Baldwin Co. 
Aloe Scientific, Div. of A.S. Aloe Co.. A573 ——v Smith, Taylor & Jenkins 
iv. gency: G. M. 
“Nalge “3 ™ AS46 Greiner Co., Salt. A548 Pioneer Plastics................... ASS7 
Agency: Harry Lefler, Adv. gency: ‘airfaz, Inc. Agency: Murphy & Lang, Inc. 
Analytical Measurements, A572 Griffin & George, A573 Co AS71, AS7S 
gency: Ray Ellie, Adv. Harper & Brothers................. ASOS 
Harshaw Scientific Division, The and Reed, Fao. 
yar Chemical Co. A537 Harshaw Chemical Co.......... A532 we 
gency: ric ler, Inc. AS6 ent 
Barnstead Still & Sterilizer Co...... AS51 Moury K & Meloan, Inc. 
Ageney: Copley Adv. Agency International Equipment Co......... AS54 A563 
kman Instruments, Inc.......... A530 Agenc Chambers, Wiswell, Shattuck, Schleicher & GCasl...... A533 
Agency: Charles Bowes. Adv. Cliford & McMillan, Inc. Agency: Wildrick & rp ag Inc. 
Boekel & Co., Inc., A553 Interscience Publishers, Inc........ . ASS9 Standard Scientific Supply Corp..... A534 
B Lethen Agency: Henry E. Salloch Adv. Service Agency: Firestone Adv. Agency 
hardt, and Reed, Inc Kern Laboratory Supply Co.......... 1 po. Asher, 5 nal & Franklin 
Chem Ed Buyers’ Guide... ... AS76 & AS77 Agency: ry 4 Thomas Co., Arthur H.. AS27 
Coleman Instruments, Inc........... A544 Kimble Glass Co...... el 
Aveney: Hollander & Weghorn Agency: J. Walter Thompson Co. U. S. Stoneware Co................ AS38 
Consultants Bureau, Inc............ A571 ea AS52 Agency: Ralph Gross Adv., Inc. 
Aceney: H. J. Gold Co., Adv. 
Coors Porcelain Co................. A572 Laboratory Furnjture Co............ A574 Van Hostrané rer AS78 
rning Glass Works.............. A545 0., 
Aceney: The Rumrill Co., Inc. A Kirkgasser-Drew Adv. W. M. Welch Scientific Co., Div. of 
IFC W. M. Welch Mfg. Co... .AS39 & ASS8 
Dai Agency: A. J. Walsh, Adv. Agency: H. A. Hooker Adv. 
De AS40 Wiley & Sons, Inc., John........... 
Ita Chemical AS75 Macmillan Co., The................ A561 Agency: Marvell Sackheim & Co., Inc. 
vney: Miller Adv. Agency Agency: Atherton & Currier, Inc Wilkens-Anderson Co.............. A557 
du Pont de Bomours & Co., E.I. A547 Milere-Ware, AS62 Agency: Mandabach, Marthens & 
Agency: . W. Ayer & Son, I Agency: Nemarow Adv. Agency Simms, Inc. 
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With football spirit in the air 


we can’t refrain from cheering— 


| ‘¢North and South, East and West. 
| Van Nostrand Texts Are Proven Best 


99 


by Hobart H. Willard 
University of Michigan 


INSTRUMENTAL METHODS 


Lynne L. Merritt, Jr. 


Indiana University; and 


John A. Dean 


University of Tennessee. 


From the Milwaukee School of Engineering to Texas 
Christian University, from the University of Pennsyl- 
vania to Gonzaga University, the 1958 edition of 
Instrumental Methods of Analysis is being used this 
Fall in over fifty colleges and universities. In this 
convenient new 6 x 9 letterpress edition, every 


chapter but one has been completely re-written to 
accommodate new material on the latest instruments 
and methods. Accurate presentations of Raman 
spectrography, flame photometry, radioactivity, 
coulometric methods and enthalpy titrations are in- 
cluded. 620 pages, $7.50 


ELEMENTS OF QUANTITATIVE ANALYSIS 


by Hobart H. Willard; N. Howell Furman, Princeton University; and Clark E. Bricker, Princeton University. 


More than seventy-five colleges and universities 
are now using the popular fourth edition of Elements 
of Quantitative Analysis, from Princeton Unversity 
to the University of California, from the University 
of Michigan to the University of Alabama. Long a 


Gi This major revision covers the basic principles and 
tested procedures that form the core of quantitative 
analysis. The directions for laboratory work, given 
clearly and in detail, include only those determina- 


| This absorbing and lively new text concentrates on 
: the aspects of science that are most important to 
a students who are not majoring in science: ideas 
about the structure and behavior of matter, and 


If you would like to consider any of the above texts for 
1, adoption in your classes, write for examination copies. 


D. 


120 


n 


Alexander Street, 


Nostrand Company, 
A New, Jers 


‘Princeton 


standard work in its field, this basic text embodies 
every new method and improved technique in 
qualitative chemical analysis that can be covered ef- 
fectively in an introductory course. 592 pages, 


$6.25 


eee eee eee ee eee 
Also in Popular Demand 


| A SHORT COURSE IN QUANTITATIVE ANALYSIS 


by Hobart H. Willard; N. Howell Furman; and E. K. Bacon, Union College. 


tions in general use today. Where more than one 
accepted procedure exists for a given determina- 
tion, alternate methods are described. 256 pages, 
illus., $4.25 


AN INTRODUCTION TO CHEMISTRY 


by Charles Compton, Williams College 


practical applications of these ideas. The text's 
fluent narrative and arresting illustrations capture 
and hold student's interest. 624 pages. illus., 


$6.85 


SCIENTIFIC 


-ENCYCLOPED! 


Publishers of i 


VAN NOSTRAND’S 
a 


JOURNAL OF CHEMICAL EDUCATION 
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EDUCATION 


for immediate 
shipment from 
our stock... 


For milligram and centigram procedures. Designed 
specifically to provide a temperature of 1150°C 
(2100°F) as required for the direct determination 
of oxygen by the Unterzaucher procedure, but 
suitable for all microchemical combustion tech- 
niques requiring elevated temperatures. Accom- 
modates combustion tubes up to 18 mm outside 
diameter. 


A built-in Platinum-Platinum 13% Rhodium 
thermocouple is supplied with the Furnace. An 
external removable thermocouple of identical char- 
acteristics is offered for direct determination of 
temperatures existing within the combustion tube. 
A switch permits reading of temperatures of either 
thermocouple on the pyrometer. 


The replaceable heating element is of new design, 
providing a heating chamber approximately 280 
mm long X 19 mm inside diameter, with a groove 
on bottom to accommodate the internal thermo- 
couple. Special Kanthal resistance wire is wound 
in coils, arranged to provide a zone approximately 
100 mm long with uniform temperature when 
operating at 1150°C. Although the construction 
insures a long element life, it can be conveniently 
replaced in the event of a burnout. 


Control panel contains on-off power switch, selec- 


HIGH TEMPERATURE 


COMBUSTION 
FURNACE 


¢ A new furnace for general use in micro 
and semimicro combustions at 
temperatures up to 1150°C (2100°F) 


¢ Dual thermocouples for determination of 
both element and tube temperatures 


* Long-life heating element of new design, 
and Pyroceram end plates 


tor switch for the two thermocouples, mounted 
yrometer, pilot light and adjustment knob for the 
uilt-in variable input transformer. 


Housing is of sheet metal finished in two-tone 
gray with ventilated top of anodized aluminum. 
The two circular end plates are of long-lasting 
Pyroceram and are held in position by two alumi- 
num rings. Overall dimensions of the Furnace, 1314 
x 12% x 8 inches; height to combustion tube 


‘9 inches. 


Use of the 1 KW constant voltage transformer is 
recommended to protect the heating element and to 
provide a temperature at center of heating chamber 
constant within 5°C irrespective of line fluctuations in 
the range 95 to 130 volts. Without transformer, a change 
of 5%, 7. input voltage results in changes up to 15°C 
at °C. 


5675-B. Furnace, High T Combustion, Thomas, 
as above described, with built-in Platinum-Platinum 13% Rhodium 
Thermocouple for determining temperature at the element, but 
without External Thermocouple or Constant Voltage Transformer. 
Power consumption 650 watts. For use on 115 volts, 50 or 60 


CHAS, 425.00 
5675-C. Ditto, but with 1 KW Constant Voltage Transformer. 
For 95-130 volts, 60 cycles, a.c. only. 596.00 


5675-D. Ditto, but with 1 KW Constant Voltage Transformer and 
External Thermocouple for determining temperatures within the 
tube. For 95-130 volts, 60 cycles, a.c. only. ......-+ 636.00 


More detailed information sent upon request 


ano service] 
A.H.T.CO. 


PHILA USA 


LABORATORY APPARATUS 


VOLUME 35, NO. 12, DECEMBER, 1958 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 


VINE ST. AT SRD ¢ PHILADELPHIA 5&, PA. 
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Just Published! 


A new edition of the classic manual of information processing . . . 


PUNCHED CARDS: 


Their Application to Science and Industry 
SECOND EDITION 


edited by ROBERT S. CASEY, Shaeffer Pen Co., JAMES W. PERRY, ALLEN KENT, Center for Documentation 
and Communication Research, Western Reserve University, and MADELINE BERRY, Nationa! Science Foundation 


1958, 707 pages, $15.00 
Thoroughly revised and enlarged, this new second edition surpasses even its classic predecessor in clearly describ- 
ing every aspect of punched card systems. All who handle large masses of data will find here the principles which 
apply to small files or the largest, and the entire range of equipment and cards now available. This is the only 
volume including both hand- and machine-sorted cards and the only one which serves as an elementary instruc- 


tion manual. The book profitably helps chemists, engineers, and administrators both in research and production. 
It will be of particular help to reference librarians, literature chemists and similar information specialists. 


All 


new methods developed since the first edition are included. 


CONTENTS: Fundamental Machine Considerations; Fundamental Systems Considerations; Case Histories of Punched-Card 


Applications; Detailed Fundamental Considerations in Coding and Systems Design; 


Other information Retrieval Systems— 


Adaptation to Mechanical Searching; Future Possibilities; Bibliography; Appendices. 


ROCKET PROPELLANTS 


by FRANCIS A. WARREN, Manager, Special Projects Section, 
Department of Chemistry, Southwest Research Institute 
Contains the composition, manufacturing methods, and _ per- 
formance details of both solid- and liquid-propellants used in 
rockets, from small signal units to the largest missiles being 
launched today. Also includes propellant burning, ignition and 
igniters, and recent developments in high-energy propellants. 


1958, 224 pages, $6.50 


THE CHEMISTRY AND 
TECHNOLOGY OF LEATHER 


Volume 2: Types of Tannages 


edited by FRED O'FLAHERTY, WILLIAM T. RODDY, and 
ROBERT M. LOLLAR, Tanners’ Council Laboratory, University 
of Cincinnati 


Here is the second volume of an important new 4-volume mono- 
graph covering every technical aspect of tanning and leather 
manufacture. This volume, entitled Types of Tannages, in- 
cludes the chemistry, processing and mechanism of tannery and 
the technology related to it. 

ACS MONOGRAPH #134. 


Vol. 2, 1958, 568 pages, $16.50 
Vol. 1: Preparation for Tannage, 
1956, 509 pages, $14.00 


SCALE-UP IN PRACTICE 

edited by RICHARD FLEMING, Sun Oil Company 
This practical volume distills the experience of the chemical 
industry in translating laboratory achievement into commercial 
success. It is based on an “Experience in Industry” Symposium 
jointly sponsored by the Phi Section of 
the American Institute of Chemical Engineers and the Univer- 


sity of Pennsylvania. 
1958, 175 pages, $4.50 


CATALYSIS 
Volume 6: Hydrocarbon Catalysis 
edited by PAUL H. EMMETT, Professor of Chemistry, Johns 
Hopkins University 
Here is the latest volume in the most soundly conceived and 
thorough-going reference source ever published on the physical 
chemistry of catalysis and catalytic processing. 
Vol. 6, 1958, 725 pages, $19.50 
Vol. 5, 1957, 548 pages, $15.00 
Vol. 4, 1956, 576 pages, $15.00 
Vol. 3, 1955, 512 pages, $13.50 
Vol. 2, 1955, 478 pages, $12.50 
Vol. 1, 1954, 410 pages, $12.00 


CREATIVE THINKING 
by CHARLES S. WHITING, Market Planning Corporation, an 
affiliate of McCann-Erickson, Inc. 
This unusual book explains workable methods for the stimu! :tion 
of new ideas. It includes detailed descriptions of actual ways 
to begin the creative process, such as brainstorming, the Gordon 
and relationship techniques, and many other meth ds. 
1958, 182 pages, $3.95 


Send today for your ON-APPROVAL copies 


REINHOLD PUBLISHING CORPORATION ° 


Dept. M-372_— 


430 Park Ave., New York 22, N. Y. 
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INDUSTRY 
uses modern balances 


RESEARCH 
prefers to work with” AZ2#421__ 


But where do the SCHOOLS stand? 


When the METTLER balance first appeared 
on the scene it initiated quite a revolution in 
balance design. It was the first balance to 
use the substitution principle combined with 
modern features for fast and convenient 
weighings. 


Today, 11 years later, METTLER balances 
are widely distributed through industry and 
research laboratories. They are the leaders 
in the field — in numbers as well as in 
performance. 


Training stua_ its on METTLER balances 
prepares them for the instruments they will 
use later on. It saves valuable time of 
student and instructor. Space savings are 
substantial. Also, with weights built into 
the balance, the student does not have 

to buy his own set. 


( The METTLER H-5 multi-purpose 
e balance with capacity of 160 grams, 
fi optical scale of 1200 mg and precision 
* of 0.1 mg is an excellent student 
balance. Write today for complete 
information. 
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A Spectrograph 


for only $1750! 


~ Choice of Three Model | 
“FOR INDUSTRY AND EDUCATION 


415 
635 450 Groovesimm BAUSCH & LOMB 
_Groovesimm 


Grating | Groovesimm | Groovesimm _| 
75007000A | 3700-7400A } 2250-62508 1.5 Meter 


| STIGMATIC GRATING SPECTROGRAPH 


77503500 A | 1850-37008 
(Second order) (Second order) | seein Unbelievably fine line quality ...at the lowest price in 


Spectrum 
Coverage 


+————T—Foajmm | 15Almm es the spectrograph field! Choice of models for fast, easy deter- 
Dispersion | (first order) | (First order [_— minations of a wide range of metals and alloys, lubricants, 
area 7 pigments, pharmaceuticals, many other materials. Takes 
Seen dorder) | Secondorde) | 10” length of 35mm film. Sturdy, stable. Compact: 5’x2’x1’. 
ition in Yo oe = 70,000 32,000 Complete with 36”x4” optical bed to accommodate all 
ce to Resolving . orn den) (Second order) | (First order) current B&L accessories. ( Accessories extra.) 
2d with 


time and materials with fast, ‘dependoble determinations 
_..-With world-standard B&L Spectrographs 


e@ B&L DUAL-GRATING SPECTROGRAPH 
—Photographs two different 
spectral regions in one expo- ; , F R E E 
sure (1850A-24000A range). , 
8A/mm and 4A/mm dispersion. - : ANALYTICAL 
PLANNING SERVICE 


LITTROW SPECTROGRAPH—Two 


easily interchangeable optical Whether you now use spectrography or not, 


B000A let us survey your present and future ana- 


rpassed dis 
in the crowded 2200A.3500A lytical problems... both wet and dry. We'll 
range). Glass system: 3550A- recommend efficient spectrographic methods 
10000A. and equipment to assure you best results for 
LITTROW-ECHELLE SPECTROGRAPH today and tomorrow. 
—Littrow prism system plus 
the B&L echelle: .3A/mm dis- 
persion at 2000A, .GA/mm at 
5000A! 160,000 resolution with 
routine excitation equipment, BAUSCH & LOMB OPTICAL CO. 
300,000 and higher with spe- 66136 St. Paul St., Rochester 2, N. Y. 


cial source. 
(] Schedule free Analytical Planning Survey for me 


ECHELLE ATTACHMENT—For use 
with B&L Littrow Spectro- [_] Send me B&L Spectrograph Catalog D-277 


graph,provides the extra linear 
a and resolving power 


B&L echelle photography. NAME, TITLE. 


- BAUSCH 6 LOMB 
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SARGENT *Trademark Reg. U. S. Pat. Off. 


MANIA, 
MODEL 


Designed and Manufactured by 
E. H. Sargent & Co. for all 
Polarographic Applications in 
Research and Control Analysis 


MODEL Ill MODEL XX! POLAROGRAPH—S-29303—Pen Recording, Po- 
tentiometric. The complete automatic programming, the com- 
bined visual indicator and chart recorder, and the wide flexibility 
in controls make it most convenient for both research studies and 
routine analytical applications. 


MODEL POLAROGRAPH—S-29301—Photographic Re- 
cording, Indicating. An adaptation of the original Sargent- 
Heyrovsky Micro Polarograph, Model X. Recommended for use 
in routine analyses and research procedures where the step form 
departs from the theoretical, simple shape and is complicated by 
maxima, complex formation, presence of several different ions, 
irreversible reactions, etc. and where it is consequently necessary 
to have a continuously plotted polarogram. 


MODEL Ill POLAROGRAPH—S-29290—Manual, Indicating. 
Recommended for use in those routine analyses where only one 
substance is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions involving simple 
ions in fairly substantial concentrations. Also useful in the per- 
formance of amperometric titrations and for instructional pur- 
poses in educational institutions. 


Write for our 
booklet on 
Polarographs 
and Accessory 


MODEL XXI Equipment 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


MODEL Xil 


€.H. SARGENT & COMPANY, 4647 w. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. » DALLAS 35, TEXAS + BIRMINGHAM 4, ALA. + SPRINGFIELD, N. J. 
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One of the most significant developments in buret history, the 


Manostat Needle Valve Buret, is now available with Kimble 
Tubes. Now you can perform your titrations without annoyance 
of stopcock adjustmenis. 


G3119 Needle Valve Buret Complete 
MACRO SIZE 


Capacity, ml. 100 50 25 10 
Subdivisions, ml. 0.2 0.1 05 02 
Each 16.05 811.70 1245 12.45 
Package of 4 57.78 42.12 44.82 44.82 
G3119D Graduated tube only 


It is equipped with a newly improved glass and plastic valve § 9800 «65.590 6.20 6.28 
practically eliminating the possibility of breakage: liquid comes 3 
in contact with only glass and Teflon.** Other plastic parts, not ¥ Note: Please do not fail to specify size as 
in contact with liquid, are made of Hysol which is resistant to well as catalog no. with your =. 
nearly all laboratory reagents. 


This new instrument provides fine needle valve control of 
liquid flow, eliminating crude, annoying stopcock grease con- 
tamination. 


The Buret tubes are accurately calibrated to the closest toler- 
ances, and a permanent fused-in ceramic scale insures lifetime 
graduations. 


*Patent For 
**T. M. Du 
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How many drops make a difference ? 


When drops do make a big difference 
—in accurate compounding or analytical work 
—you can be confident of the accuracy of 
your Pyrex brand volumetric ware. That 
large “A” mark tells you its volumetric ac- 
curacy meets or surpasses the rigid require- 
ments of the National Bureau of Standards. 

They’re designed to speed your accurate 
work. Capacity, marks and large, block-style 
inscriptions are easily and quickly read. 

By standardizing on Pyrex volumetrics 
your work goes smoother. Costs less, too, 
because you don’t duplicate types of ware 


for jobs of varying accuracy. More than 
accurate enough for fine work, you'll find 
Pyrex ware plenty rugged for every day use. 

Next time you order volumetric ware, 
specify Pyrex brand. You'll get all of the 
accuracy, the chemical resistance, and the 
mechanical strength you’ve come to expect 
of labware bearing the circular PyREx trade- 
mark. Ask your Laboratory Supply Dealer 
or write us at Corning, N. Y. 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PYREX taboratory ware... the tested tool of modern research 
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Whatman 
filter paper 


A full range for all 

laboratory filtrations 

Qualitative papers for filtrations 
where acid washed papers 

are not required—low ash rs 
“double acid washed, 
grades—hardened papers for 
added wet strength and lint-free 
operations—extraction thimbles 
—ashless tablets—even black 
filter paper—all these plus 
special chromatography grades 
are available from Whatman. 
They are all listed in our 
catalog, and our Flow Rate and 
Retention Charts will simplify 
your selection of the proper 
Whatman grade for a specific 
job. Ask your laboratory supply 
dealer, or write direct to: 


reeve angel 


H. Reeve Angel & Co. Inc. 


- §2 Duane Street, New York 7, N.Y. 


/ 
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Beginning with the JANUARY 1959 issue 


FRONT 
COVER 


The Journal of Chemical Education will no 
longer carry advertising on the front cover. 
Instead, it will be designed each month with 
an appropriate illustration to emphasize the 
major editorial features contained in the 
issue. It is planned not only to please the 
reader’s eye, but to focus his attention im- 
mediately on what is inside. 


TYPOGRAPHIC 
REFINEMENTS 


The January 1959 issue will also initiate 
several important typographic changes in the 
editorial columns—as well as new designs 
for department headings. All this will 
greatly enhance the readability of the 
Journal, 


ALSO... with the JANUARY 1959 issue 


A new editorial feature... 
a series on 


“Chemical 
Instrumentation” 


The January 1959 issue will introduce the first of a con- 
tinuing series of articles on the theme “Chemical In- 
strumentation,” which readers will find informative and 
helpful. Professor S. Z. Lewin of New York University 
develops this series from wide experience in this field. 
He knows both the utility of instruments and the prob- 
lems encountered when teaching students to make in- 
telligent use of therm. Readers who will follow Dr. 
Lewin’s series regularly will find many answers to their 
questions about the variety of commercial instruments 
currently available. They will be in a better position to 
compare and contrast the various characteristics of 
these instruments and will be provided with a basis for 
intelligently choosing their equipment. 


fo serve our readers bette 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


facturer, Research Specialties Co., 2005 
Hopkins St., Berkeley 7, California. 


p> An automatic instrument that analyzes 
qualitatively and quantitatively for the 20 


NEW APPARATUS AND EQUIPMENT 
p> Pressure Products Industries, Inc., 
Hatboro, Pennsylvania, has developed 
Thermette to give laboratories and plants 
a device with which to measure and de- 


or more amino acids most commonly found 
in protein hydrolyzates is now being pro- 
duced by the Spinco Division of Beckman 
Instruments, Inc., Palo Alto, California. 
The amino acids are first separated by 
passing them through an ion-exchange 
column containing a special resin and buf- 
fer solution. The effluent coming from 
the column is continuously reacted with 
ninhydrin reagent to form characteristic 
colors, which are measured by a built-in 
colorimeter, and the optical densities are 
plotted automatically by a multi-point 
recorder. The time position of each peak 
serves to identify the particular amino 
acid, while its quantity is determined by 
calculating the area under the peak. 


> Industrial Instruments announces a 
new K-HD Series of automatic temper- 
ature compensators to provide a conven- 
ient means for compensating temperatures 
in small glass, flow-type cells. The com- 
pensators are thermistor actuated and 
constructed of Pyrex glass. Write directly 


(Continued on page A595) 


liver small quantities of heated liquids. 
The heating system of the buret can main- 
tain up to 350 degrees Fahrenheit. 

The P.P.I. Thermette is housed in a 
metal case and the buret is enclosed in 
a glass cylinder for thermal insulation and 
for electrical and mechanical safety. 
The side panels of the case are removable. 
The special Pyrex tube is graduated in 
ml. and heating is by means of a trans- 
parent conductive coating on the outer sur- 
face of the glass. 


p> A new high in performances: quick 
starting, quiet operation, modern easy-to- 
clean design, vacuum to 0.1 micron or 
better...these are some of the features 
of a new internal vane two stage mechan- 
ical vacuum pump, Model 75. It is manu- 
factured by Precision Scientific Co., 
3737 W. Cortland St., Chicago 47, Illi- 
nois. 


> A new Drying Oven for use in paper 
chromatography has been developed by 
New Brunswick Scientific Co. of Somerset 
St., New Brunswick, New Jersey. Engi- 
neered to provide the utmost in con- 
venience and dependability, this equip- 
ment—Model CD—combines the advan- 
tages of full-view color development, 
compactness of size, and moderate cost. 


> Designed primarily for coulometric 
generation of titrant in titration, a unit 
suitable for other physical chemical appli- 
cations requiring a coulometer or constant 
current source is now available from E. H. 
Sargent & Co., 4647 West Foster, Chicago 
30, Illinois. Ask about the S-30974 Power 
Supply. 


> New, 12-page brochure, SBL-2, gives 
ful! up-to-date information on the widely 
used Spinco Model L Preparative Ul- 
traventrifuge. Notes are included on 
ap) lications, field services available, fea- 
tures, and operating characteristics of the 
stadard unit. Contact Beckman/Spinco 
Division, Stanford industrial Park, Palo 
Alto, California. 


> \ new design of Sample Applicator 
Wit! heated airstream for quick and accu- 
rate setup of paper chromatograms by 
Pipetting is announced by the manu- 
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movies 


h e | p The Du Pont film library is at your dis- 


posal to help answer some of your stu- 
dents’ questions about Du Pont and 
about employment in industry. These 
ans WET films, many of them in full color, are 
timely, interesting and widely used by 
schools and colleges throughout the 
nation for educational as well as career 


Yy ou r guidance purposes. 


“The Story of Research,” for ex- 
ample, describes three basic types of 
stud e n ft s’ chemical research, the purposes of each, 
and the techniques employed. “Me- 
chanical Engineering at Du Pont” illus- 
trates the many opportunities for me- 
que stio 7) §S chanical engineers in Du Pont plants 
and laboratories. “It Never Rains Oil” 
explains the problems and business 
risks involved in oil well drilling. 


There are many other films available 
for your use on such subjects as agri- 
cultural chemicals, dyes, finishes, fibers 
and rubber chemicals. All of these 
movies are yours for the asking, in 
16 mm or 35 mm. For a specific motion 
picture—or a complete film catalog— 
write to Room 2494-A Nemours Build- 
ing, E. I. du Pont de Nemours & Co. 
(Inc.), Wilmington 98, Delaware. 


WATCH THE 
DU PONT “SHOW OF THE MONTH” 
ON TELEVISION 
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to Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, Essex County, 
New Jersey, for complete technical in- 
formation. 


p» A new low-cost infrared double beam 
spectrophotometer, operating in the im- 
portant potassium bromide prism —12.5- 
25 micron region has been announced by 
the Instrument Division of the Perkin- 
Elmer Corp., Norwalk, Connecticut. 


Glass tubing bottles, or jars up to 3 inches in 
' diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-Brand Glass, or other 
| hard-glass tubes can be cut with equal ease. The 
article is first encircled with a scratch made by a 
? cutter wheel conveniently mounted on the side of the 
transformer, the scratch is heated by contact with 


Clean Cut Breaks Assured with the 


Welch WOT-WIRE GLASS-TUBING CUTTER 
QUICK - CONVENIENT - NEAT 
Cuts Hard or Soft Glass with equal oy 


>the hot wire, and then cooled quickly by applying 
4 "Chicag water or by blowing on it. No other equipment is 
? 
Dual Range Therm-O-Meter with a self- he cutting wire is supported on two insulated 
shielded core magnet meter movement. tposts and is heated by current from a 12-volt trans- 
Designed for measuring temperatues of ‘former serving as the base. No. 24 (B & S gauge) 
gas, liquid, or solids, it has two ranges— p>nichrome wire is used and is easily replaced. Three 
from —50° to 100°F. and from 100° to extra wires are included. By means of an adjust- 
250°F. }ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
3 . 65-08 Li of glass may be used. An instruction plate is 
vad k mounted near this control. The unit operates on 
NOW. 1 +115 volts, 50 or 60 cycle A.C. Over-all dimensions 


duced two direct vision type spectroscopes 9 are 6 x 41/2 x 9 inches hi 
and a simply operated, direct-reading su- i 8 
gar refractometer as part of a new line of Each, $29.50 No. 5210 


scientific instruments. 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY : 
ESTABLISHED 1880 4 

1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois U. S. A. : 
Manufacturers of Scientific Instruments and Laboratory Apparatus 4 


p A new development for the chemist now 
makes possible isolation of pure quantities 
of material as small as 0.0002 cc. The new 
device is a Fraction Collector, accessory ‘ 
for the Beckman GS-2 Gas Chromatograph, 
manufactured by Beckman Instruments, 
Inc., Fullerton, California. With the 
Fraction Collector, the GC-2 becomes a 
preparative tool, separating complex 
liquid or gas mixtures into chromatograph- 
pure fractions and capturing them for 
analysis by infrared spectroscopy or for 
other studies. 


| W. M. WELCH SCIENTIFIC COMPANY 


> Harold Kruger Instruments, P.O. Box Forced Circulation 


164, San Gabriel, California, offers a new 
precision metering pump with an accuracy 
of 0.01 ml. per minute. Only glass and 
Teflon are in contact with solution. 


The working chamber 
measures: 20” wide x 14” 
deep x 20” high. Overall 
>» Non-photosensitive, all-glass halogen measurements are 24” 
quenched geiger counters that have trans- wide x 19!/,” deep x 34” 
parent, patented, non-metallic conductive high. 

cathode surface with thin glass walls per- 
mitting high beta radiation transmission, 
are available in seven different models. 
For more information, write Radiation 
Counter Laboratories, Inc., Nucleonic 
Park, Skokie, Illinois. 


Temperature range 30° 
to 200° C. Model 5660. 
priced $245.00. 


NEW LITERATURE See your Laboratory Supply 
@ Allied Radio Corp., 100 Northwestern Guster 


Ave., Chicago 80, Illinois, announces the 
Fall release of its new 1959 catalogue 
(NO. 180), featuring an unusually large 
selection of electronic parts and equip- 
ment for use in schools, classrooms, 
laboratories, and shops. 


@ Imperial Oil Limited, 300 Ninth Ave., 
W. Calgary, Alberta, Canada, has pre- 
pared an excellent brochure, Science 
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Improved-Design 


DRYING TUBE 


.... With lasting 
air-tight fit 


* Easily Taken Apart To Clean 
Unbreakable All-Polyethylene 


* External Fittings Will Not Loosen With 
Age 


* Available With One or Two Fittings 
* Available in Three Lengths 


* Fittings are 7/8” long and taper from 
3/8” to 1/4” 


* Tube is 3/4” O.D., 5/8” 1.D. 
* Special lengths on order 


DT-100-1 
DT-100-2 
DT-150-1 
DT-150-2 
DT-200-1 
DT-200-2 


CASE (144) 
-09 ea. 


Through leading supply houses. 
Send for catalog of complete line. 


UNDER 


ONTROL 


Now you can utilize H2S 
without its stench or 
hazards, for all analytical 
sulphide precipitations. 


Sulfi-Down 
SPECIALLY 


STABILIZED 


No Toxic Effects 
No Danger 


No Odor 

STABLE IN SOLUTION 
NON-INFLAMMABLE 
ONE YEAR SHELF LIFE 


Per bottle of 100 grams NON-CORROSIVE 
$150° ECONOMICAL 


No longer need any laboratory suffer 
e abominable stench or deleterious 

effects of hydrogen sulphide’gas when 

precipitating metals as sulphides. 


Sulfi-Down banishes the hazards of hy- 
drogen sulphide. Instead offusing the 
angerous gas—allowing its escape into 
the room—merely introduce a few drops 
of an aqueous solution of Sulfi-Down 
at the point where HS would be used! 
Hundreds of Schools and colleges are 
now using Sulfi-Down. Repeat orders 


on an ascending scale, prove its pro- 
nounced advantages. 


Send fot free copy of “Manual of 
Procedures and Suggested Uses of Safe, 
Versatile Sulfide Preciptiant.” 


a.daigger & company 


159 West Kinzie Street * Chicago 10, Ill. 
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Editor's Gasket 


Demonstrations and Lecture Experiments. 
An attempt has been made to select ex- 
p:riments which would be of or arouse 
inierest among young students and in- 
clides ideas in chemistry, physics, and 
m:thematics. 


@ Best techniques for increasing quanti- 
ta‘ive accuracy in gas chromatography 
ar’ covered in detail in a new data sheet, 
G-86-MI, just published by Beckman 
A) plications Laboratories, Beckman/Sci- 
entific & Process Instruments Division, 
Fullerton, California. 


@ Fischer & Porter, 941 Jacksonville Rd., 
Hatboro, Pennsylvania, has just pub- 
lished a 52-page catalogue on process 
instruments available for quick shipment. 
Catalogue 2 covers indicators, transmitters, 
recorders, and controllers for flow, pres- 
sure, temperature, density, viscosity, and 
consistency. 


@ Branson Ultrasonic News, a new house 
organ devoted to industrial techniques 
and applications of inaudible sound, is 
now available from Branson Ultrasonic 
Corp., 40 Brown House Rd., Stamford, 
Connecticut. 


A special] progress report: Polypropyl- 
ene... Today's Applications; Its Future 
Role, highlights the current issue of the 
external house organ of the American 
Agile Corp., 5461 Dunham Rd., Maple 
Heights, Ohio. 


@A new data sheet, Microsampling 
Techniques Make Infrared Spectroscopy a 
Versatile Analytical Tool for the Chemist, 
IR-88-M1 is now available from Beckman/ 
Scientific and Process Instruments Divi- 
sion, Fullerton, California. 


@ The most complete catalogue ever pro- 
duced in the laboratory supply field has 
just been published by The Chemical 
Rubber Co., 2310 Superior Ave., Cleve- 
land, Ohio. Ask for Catalogue 400. 


@ The 34th Edition of What’s New for the 
Laboratory has just been announced by the 
Scientific Glass Apparatus Co., Ine., 
Bloomfield, New Jersey. 


@ LaPine Apparatus News, Volume 10, 
Number 1, 12 pages, introduces many new 
pieces of laboratory equipment. For 
copies write to Arthur S. LaPine and Co., 
6001 So. Knox Ave., Chicago 29, Illinois. 


@ Geigy Industrial Chemicals, P.O. Box 
43), Yonkers, New York, offers a new 
tecanical bulletin on Sarkosyl Surface 
Active Agents. 


© “offee Aroma Analysis by Gas Chroma- 

to, aphy is the title of Technical Bulletin 

N... 34 available from the Coffee Brewing 

hh ang Inc., 551 Fifth Ave., New York 
Nia. 


@ ‘esearch Laboratory Digest is a new pub- 
lic ition issued by the Research Informa- 
tion Section, General Electric Research 
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Laboratory, P.O. Box 1088, Schenectady, 
New York. 


@ E. H. Sargent & Co., 4647 W. Foster 
Ave., Chicago 30, Illinois, describes in 
Volume 10, Number 2, Scientific A ppara- 
tus and Methods, the new ‘“‘Sargent-Malm- 
stadt Spectro-Electro Titrator.”’ 


@ New data sheets on specialized Kodak 
products including, Nuclear Track, Auto- 
radiography, and Spectroscopic Plates and 
Film, are available from Special Sensitized 
Products Sales, Rochester 4, New York. 


@ A new 16-page booklet has just been is- 


of Emulsifiable A-C Polyethylene 629 as a 
textile finishing agent. 


@ Consolidated Electrodynamics Corp., 
300 N. Sierra Madre Villa, Pasadena, Cali- 
fornia, offers Bulletins 1843A, Mass Spec- 
trometer Type 21-611; 1824C, Process- 
Monitor Mass Spectrometers; and 1849, 
Extended-Range Moisture Monitor Type 
26-302. 


@ The new, uniquely sensitive technique 
of neutron activation analysis is discussed 
from both a theoretical and practical point 
of view in a new bulletin, No. 94, offered by 
Tracerlab, Inc., 1601 Trapelo Rd., Wal- 


sued by Allied Chemical’s Semet-Solvay 
Petrochemical Division, 5th rloor T, 40 
Rector St.; New York 6, N. Y., on the use 


tham 54, Massachusetts. From theory 
(Continued on page A598) 


Sa A. Kossel and A. Neuman (Ber. dtsch. chem. Ges. 27, 2215 
G (1894)) isolated formic and levulinic acid from acid hydrolysates of 
thymonucleic acid and deduced that carbohydrate is present in 
thymonucleic acid. P. A. Levene and E. S. London (J. biol. Chem. 
81, 711 (1929)) reported the preparation of guaninedeoxypento 

side from thymonucleic acid. Mild acid hydrolysis released from 
this a sugar with m.p. 83° and empirical formula CsHioOy. P. A. 
Levene and E. S. London (J. biol. Chem. 83, 793 (1929)) succeeded 
in isolating hypoxanthine, thymine and cytosine nucleosides from 
thymonucleic acid; all of these analysed as derivatives of a de- 
oxypentose. P. A. Levene and T. Mori (J. biol. Chem. 83, 803 
(1929)) showed that this sugar is on aldo-2-deoxypentose, but 
failed to prove its identity with synthetic D-xylod or L-ribod on the basis of m. p. or optical 
rotation. This was shown by P. A. Levene et al. (J. biol. Chem. 85, 785 (1929/30)) to be due to con- 
tamination of the synthetic sugars, for a new sample of L-ribodesose and its benzylphenylhydrazone 
gave optical rotations and m.p. identical with those of the sugar from thymonucleic acid. £. Chargaff et 
al. (J. biol. Chem. 177, 405 (1949)) demonstrated by paper chromatography in 3 solvent systems that 
only one sugar occurs in spleen and thymus deoxypentosenucleic acid (DNA) and that this is identical 
with 2-deoxy-D-ribose; E. Vischer et al. (J. biol. Chem. 177, 429 (1949)) demonstrated the same for 
DNA from tubercle bacilli and from yeast. Rigorous proof that the only sugar of DNA prepared from 
thymus is 2-deoxy-D-ribose has been obtained only recently. D. C. Burke (J. Org. Chem. 20, 643 
(1955)) described a method of reduction of pyrimidine nucleosides by Na and ethanol in liquid NH; 
and treatment with Dowex 50 (H* form) which led to rupture of the glycosidic linkage. When this 
method was applied to thymidine and deoxycytidine, 2-deoxy-D-ribose could be demonstrated by 
paper chromatography and paper electrophoresis. |. G. Walker and G. C. Butler (Canad. J. Chem. 
34, 1168 (1956)) hydrolysed highly polymerized thymus DNA by the combined action of pancreatic 
deoxyribonuclease and of the phosphodiesterase and 5’-nucleotidase of water moccasin venom. The 
nucleosides were resolved by anion exchange chromatography according to W. Anderson et al. (J. 
chem. Soc. 2721 (1952)). As the nucleosides of cytosine and 5-methylcytosine could not be separated 
in this manner, the corresponding nucleotides were resolved and then hydrolysed with phosphomono- 
esterase. The nucleosides were characterized and the purine nucleosides hydrolysed by an aqueous 
suspension of a sulphonic acid cation exchange resin in the H*-form. The pyrimidine nucleosides were 
hydrolysed with the thymidine phosphorylase system of M. Friedkin and D. Roberts (J. biol. Chem. 207, 
245 (1954)) and in addition cytidine was reduced catalytically by Pd/H and then hydrolysed with acid, 
while thymidine was reduced with Na/Hg and then hydrolysed with acid. The sugar released from 
each nucleoside was identified as 2-deoxy-D-ribose by paper chromatography in 2 solvent systems, 
and by the m.p. and optical rotations of their benzylphenylhydrazones. 


2-Deoxy-D-ribose is one of several hundred compounds 
listed in the second addition to our Catalog No. 8. Also 
available from stock are 2-deoxy-D-glucose, 2-deoxy-D- 
galactose and 6-desoxygalactose (D-fucose). 


Write for Catalog No. 8 and its two additions listing over 3200 research chemicals 


ALDRICH CHEMICAL COMPANY 
INC. 


2369 NORTH 29th STREET © MILWAUKEE 10 WIS. 
Tel. UPtown 1-9055 
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Safe and Practical | 


NALGENE 


Yarriars 


PREVENT ACCIDENTS 


This new bottle carrier was developed for 
one of the nation’s largest industrial 
plants to overcome breakage problems 
that occur with canvas 

or leather carriers. 
Up to now carriers were ig 
required for safety measures only 
to contain broken bottles and 
their contents... 

but the new NALGENE carrier 
actually prevents the breakage! 
Not a single bottle 

broken in over a year’s 

use... heavy use... 

tested and proven at the 

plant* that made 

the specifications. 


Ask your dealer for catalog 


The NALGENE Carrier is a thick-walled con- 


| 1 % hy a tainer for 1-gallon bottles. It has a heavy wire 
tHe D } handle sealed in plastisol and secured to in- 
| le tegrally molded-on ears. A snap cover holds 


ROCHESTER 2. NEW YORK bottles firmly in place. 
*name on request $15.00 each, less quantity discounts 


WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 


Important advance 
in packaging 


The new MC&B Crown-and-Cap double seal bottle 
provides the air-tight protection and long shelf life 
of the ampul without the inconveniences and hazards. 
my To close, simply use.the screw cap, or, if you want 
arn an air-tight seal, use a crown closure. 
It provides maximum protection for atmosphere- 
sensitive chemicals and successfully contains corro- 
sive liquids and chemicals with high vapor pressure. 
MC&B is pleased to be the first U.S. manufacturers 
to offer this packaging advance. 


Matheson Coleman & Bell 


Division of The Matheson Company, Norwood 
(Cincinnati), Ohio; E. Rutherford, New Jersey 


OUT OF THE 


and formula to specific applications, the 
discussion covers use of the technique ii 
such fields as metallurgy, biochemistry, 
and geochemistry. 


@ Eugene Garfield Associates, 1523 Spring 
Garden St., Philadelphia 30, Pennsylvania, 
announces availability of Current Con- 
tents, Chemical Edition reporting contents 
of nearly 350 primary scientific journals. 


@ Hot Laboratory Equipment has just been 
released by the U. S Atomic Energy 
Commission. Editorial coordinator of 
the volume was Louis G. Stang, Jr., of the 
Brookhaven National Laboratory. The 
429-page book, with 351 illustrations, gives 
detailed descriptions and design data for 
facilities, equipment, and accessories used 
in handling moderate to large amounts of 
radioactive materials. It is a greatly en- 
larged and updated version of Part II of 
Chemical Processing and Equipment (TID- 
5276), which was published by the Atomic 
Energy Commission in 1955. Prepared 
for scientists, engineers, and administra- 
tors, the book (paper bound) may be pur- 
chased for $2.50 from the Superintendent 
of Documents, U. 8. Government Printing 
Office, Washington 25, D. C. 


@ A 200-page Catalogue 158 illustrating 
and describing the line of the Blue M Elec- 
tric Co., 138th and Chatham St., Blue 
island, Illinois, including electric ovens, 
furnaces, “baths, environmental cabinets, 
related temperature control equipment 
and accessories for laboratory, pilot plant, 
and production, is now available. 


@ American Society for Testing Materi- 
als, 1916 Race St., Philadelphia 3, Penn- 
sylvania, offers Spectrochemical Analysis 
for Trace Elements—STP 221, 84-pages, 
hard cover, $2.75. 


@ A large safety wall chart providing in- 
structions for the proper handling of chlo- 
rate and perchlorate chemicals has been 
prepared by American Potash & Chemical 
Corp., 3000 W. Sixth St., Los Angeles 54, 
California, for use by companies active in 
chlorate and perchlorate application. 


@ Cerium, Lanthanum, Didymium, and 
other rare earth metals and alloys are 
available in the form of ingot, rod, pellet, 
turnings, or powder. Bulletins on prop- 
erties and applications are available from 
New Process Metals, Inc., 45-65 Manufac- 
turers Place, Newark 5, New Jersey. 


@ Selected Science Books for Secondary 
Schools is a most useful bibliography of 
reference and supplementary reading for 
the student and teacher. The booklet was 
compiled by a committee of the Connecti- 
cut Science Teachers Association and may 
be secured from Dr. R. Vincent Casi, 
Chairman, Teachers College of Connecti- 
cut, New Britain, Connecticut for 25- 
cents. 


@ Three series of reports covering data o!)- 
tained in the US-IGY program have been 


(Continued on page A600) 


JOURNAL OF CHEMICAL EDUCATION 


SS 

( 


ions, the 
nique ii 
lemistry, 


3 Spring 
sylvania, 
mt Con- 
contents 
irnals, 


r., of the 
ounts of 
vatly en- 
art II of 
ut (TID- 
» Atomic 
-repared 
ninistra- 
r be pur- 
itendent 
Printing 


istrating 
M Elec- 
t., Blue 
> ovens, 


and 
ity. higher speed 
‘aye combination the value of centrifugal 
uipmen lower rch too}. x 
plant, force as @ basic rese? mi head for 
rs 
HIGH “ug” DS d, 26 000 x attachments are 
Materi- ‘the 6-plac 
3, Penn- with 
Analysis being developed. irect drive, special 
4 -pages, EDS are obtained by nsf contr 
set by a stepless 


motor. 


40°C are kept 
20°C and it, an 
ding in- ration 

RA P refrige bination of 
‘hemical and fibre gl2ss this all-new and 
et all the facts about International 
in THE COUPON to ntrifuge fro 
im, and Your Depend me 


prop- 


International Equipment Co. 


i 1213 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 

h Please rush complete data, prices and delivery schedules on International's new HR-1 High-Speed 
ting y Refrigerated Centrifuge. 

klet was ; 
onnecti- 
nd may 
t Cash, 
onnecti- 
for 25- 


lata ob- 
ve been 


‘ATION 


_REFRIGE 
> 
} 
+ 


HELPS SOLVE A WHOLE 
‘YEAR'S PROBLEMS 


THESE E-D PAPERS 
FILTER FAST. 


AND 
THEY GIVE GOOD 
CLEAR FILTRATES. 


THEY HOLD UP WELL UNDER 
REPEATED WASHINGS, TOO. 


WHICH REMINDS ME 
OF AN IMPORTANT 


@ weexs LATER 


LOOKS LIKE You'll BE A 
A. TOP-GRADE STUDENT AGAIN 
= THIS YEAR. 


% Write for FREE Samiple Filter Papers to 
THE EATON-DIKEMAN CO. 


_Filtertown 
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announced by the National Academy of 
Sciences: JGY General Report Series, IGY 
Satellite Report Series, IGY Rocket Report 
Series. 

To date the following reports in the 
General Series have been published: No. 
1—Description of the Antarctic Circula- 
tion Observed from April to November, 
1957, at the IGY Weather Central Little 
America Station. No. 
Report of Expedition Downwind, Univer- 
sity of California Scripps Institution of 
Oceanography IGY Cruise to the South- 
east Pacific. 

In the Satellite Series, the following have 
been published: No. 1—Processed Ob- 
servational Data for USSR Satellites 
1957 Alpha and 1957 Beta. No. 2—Sta- 
tus Reports on Optical Observations of 
Satellites 1958 Alpha and 1958 Beta. No. 
3—Some Preliminary Reports of Experi- 
ments in Satellites 1958 Alpha and 1958 
Gamma. No. 4—Observational Informa- 
tion on Artificial Earth Satellites. No. 5— 
Radio Observations of Soviet Satellites 
1957 Alpha 2 and 1957 Beta 1.. 

Each report in the three series is priced 
at $1 and must accompany order, postage 
prepaid. Orders should be addressed to 
the Publications Office, National Acad- 
emy of Sciences, Washington 25, D. C. 


@ A new data sheet issued by the Applica- 
tions Laboratories of Beckman/Scientific 
and Process Instruments Division shows 
the chemist how to perform non-aqueous 
titrations with speed, simplicity, and much 
less equipment than required with con- 
ventional methods. Included is an exten- 
sive bibliography with cross reference index 
covering titrations of organic and inorganic 
materials in pharmaceuticals, petroleum, 
and chemical products. Copies of pH-83- 
MI are available from Beckman/Scientific 
and Process Instruments Division, Fuller- 
ton, California. 


@ Publication of the latest edition of its 
products catalogue describing properties 
and uses of 375 industrial, pharmaceutical, 
and agricultural chemicals, is announced 
by the Dow Chemical Co., Midland, 
Michigan. 


@ The September issue, New and Recent 
Devices for the Laboratory, is now available 
from Aloe Scientific, 5655 Kingsbury, 
St. Louis 12, Missouri. 


@ National Distillers and Chemical Cor- 
poration Expands in the Chemical Industry, 
is the title of a new brochure published 
by National Distillers to describe its 
chemical activities. Copies may be ob- 
tained by writing U. S. Industrial Chem- 
icals Co., Division of National Distillers & 
Chemical Co. and Chemical Corp., 99 
Park Ave., New York, N. Y. 


@ New micro analytical techniques have 
been developed for use with the famous 
Cahn Electrobalance. They may be used 
with any microbalance, and are applicable 


(Continued on page A602) 


2—Preliminary © 


“working’’end... 
of an extraordinary 
new pH electrode 
that combines in a 
single unit the pre- 
cision, accuracy 

| and ruggedness of 

Beckman glass 
and reference 
electrodes. 


And here’s « full 
length view... 


THE NEW BECKMAN 
COMBINATION 
ELECTRODE. 


The Combination 
Electrode offers un- 
beatable convenience. 
Several types are 
available now for a 
wide range of siirface 
and solution meas- 
urements, titrations 


and redox determi- 
nations. They can be 
used with all Beck- 
man pH meters, 
including models G, 
GS and the Zeromatic’. 


*Trademark 


COMBINATION ELECTRODES 
can be ordered for immediate delivery 
from 99 laboratory apparatus dealer 
locations in the United States and 
Canada. Call your dealer today. 
He’ll be glad to serve you. Or write 
us for Electrode Data File 2L-49-36. 
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PHOTO BY WILL CONNELL 


Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 
modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 
possible complete millivolt titrations without range changes over any 1400 mv span between +1400 
mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 
operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 
ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 
The Zeromatic is available for immediate delivery from 99 laboratory apparatus dealer locations in 

_ the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File 2L-48-36. 

Beckman: 

Scientific and Process | Instruments Division 


Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS * GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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announced by the National Academy of 
Sciences: [GY General Report Series, IGY 
Satellite Report Series, IGY Rocket Report 
Series. 

To date the following reports in the 
General Series have been published: No. 
1—Description of the Antarctic Circula- 
tion Observed from April to November, 
1957, at the IGY Weather Central Little 
America Station. No. 2—Preliminary 
Report of Expedition Downwind, Univer- 
sity of California Scripps Institution of 
Oceanography IGY Cruise to the South- 
east Pacific. 

In the Satellite Series, the following have 
been published: No. 1—Processed Ob- 
servational Data for USSR Satellites 
1957 Alpha and 1957 Beta. No. 2—Sta- 
tus Reports on Optical Observations of 
Satellites 1958 Alpha and 1958 Beta. No. 
3—Some Preliminary Reports of Experi- 
ments in Satellites 1958 Alpha and 1958 
Gamma. No. 4—Observational Informa- 
tion on Artificial Earth Satellites. No. 5— 
Radio Observations of Soviet Satellites 
1957 Alpha 2 and 1957 Beta 1. 

Each report in the three series is priced 


at $1 and must accompany order, postage ~ 


prepaid. Orders should be addressed to 
the Publications Office, National Acad- 
emy of Sciences, Washington 25, D. C. 


@ A new data sheet issued by the Applica- 
tions Laboratories of Beckman/Scientific 
and Process Instruments Division shows 
the chemist how to perform non-aqueous 
titrations with speed, simplicity, and much 
less equipment than required with con- 
ventional methods. Included is an exten- 
sive bibliography with cross reference index 
covering titrations of organic and inorganic 
materials in pharmaceuticals, petroleum, 
and chemical products. Copies of pH-83- 
MI are available from Beckman/Scientific 
and Process Instruments Division, Fuller- 
ton, California. 


@ Publication of the latest edition of its 
products catalogue describing properties 
and uses of 375 industrial, pharmaceutical, 
and agricultural chemicals, is announced 
by the Dow Chemical Co., Midland, 


Michigan. 
@ The September issue, New and Recent 
Devices for the Laboratory, is now available 


from Aloe Scientific, 5655 Kingsbury, 
St. Louis 12, Missouri. 


@ National Distillers and Chemical Cor- 
poration Expands in the Chemical Industry, 
is the title of a new brochure published 
by National Distillers to describe its 
chemical activities. Copies may be ob- 
tained by writing U. S. Industrial Chem- 
icals Co., Division of National Distillers & 
Chemical Co. and Chemica! Corp., 99 
Park Ave., New York, N. Y. 


@ New micro analytical techniques have 
been developed for use with the famous 
Cahn Electrobalance. They may be used 
with any microbalance, and are applicable 
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Canada. Call your dealer today. 
He’ll be glad to serve you. Or write 
us for Electrode Data File 2L-49-36. 


i 
| 
j 
\ 
Beckman 
2500 Fullerton Road, 
an Fullerton, California 
each te 
A600 JOURNAL OF CHEMICAL EDUCATION 


PHOTO BY WILL CONNELL 


vatic*. Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 
modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 
possible complete millivolt titrations without range changes over any 1400 mv span between + 1400 
mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 
operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 
ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 
The Zeromatic is available for immediate delivery from 99 laboratory appa. atus dealer locations in 
the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File 2L-48-36. 
Beckman: 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road. Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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The new Burrell Kromo-Tog, 
Model K-5, is offered as the 
finest and most versatile re- 
search instrument in the entire 
field of modern gas and vapor 
chromatography. 

It accurately analyzes and 
records the components of 
almost any material which can 
be reduced to a gas or liquid 


“Gor Scientists Everywhere” 
The KROMO-TOG Model K-5 


Opens new frontiers of research 
in gas and vapor chromatography 


"WIDE RANGE OF ANALYSIS— 


ANALYZES HIGH BOILERS 
TO 475° C. AND OVER! 


SENSITIVE DETECTORS—_ 


DETECTS FRACTIONS 


OF MILLIONTHS! 


2 


SIMULTANEOUSLY! 


sample, including fatty acids 
and compounds containing 
as high as 36 carbon atoms. 

All of the most advanced 
Kromo-Tog features, plus 
tested innovations, have been 
incorporated in its outstand- 
ing design. Two complete 
systems include separate 
columns, detectors, controls 


.and fraction collectors. One 


or two recorders, with or 
without integrators, may be 
specified as required. 


BURRELL KROWV.0O-TOG, NEW RESEARCH MODEL K-5 


K-5 KROMO-TOG With One Potentiometer Recorder Cat. No. 350-20 
Same With Automatic Integrator Cat. No. 350-22 
K-5 KROMO-TOG With Two Potentiometer Recorders Cat. No. 350-23 
Same With Automatic Integrators Cat. No. 350-24 


Ask for Bulletin No. 837 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


OUT OF THE 


Editor's Gasket 


to many analytical procedures. They are 
described in the paper, New Microtech- 
niques, which appeared in Analytical 
Chemistry, 30, page 1580, September 1958. 
Reprints of the paper are available from 
Cahn Instrument Co., 14511 Paramount 
Blvd., Paramount, California. 


@ Lefax Publishers, Philadephia 7, Penn- 
sylvania, announces a newly revised 
catalogue for 1958 of Lefax Pocket Size 
Technical Data Books. 


@ Catalogue 586, Laboratory Thermometers 
and Hydrometers, contains specifications 
and prices of more than 1000 thermometers 
and hydrometers. “Contact the Brooklyn 
Thermometer Co., 217-09 Merrick Blvd., 
Springfield Gardens 13, New York. 


@ Sargent Catalogue Supplement 58 to 
their No. 100 Catalogue on instruments, 
apparatus, supplies, and chemicals is now 
available from their general office, 4647 
W. Foster Ave., Chicago 30, Illinois. 


@ A new 16-page booklet (RC 178A) con- 
taining engineering data on Norelco elec- 
tron optical instruments is available from 
the Instruments Division, Philips Elec- 
tronics, Inc., 750 So. Fulton Ave., Mount 
Vernon, New York. 


@ An 8-page booklet on Kemrock—The 
Superior Laboratory Working Surface—has 
recently been released by the Kewaunee 
Manufacturing Co., Adrian, Michigan. 


@ A description and instructions for 
building a simple calibration unit for use 
with radiation detection instruments is 
available from Tracerlab, Technical Pub- 
lications Dept., 1601 Trapelo Rd., Walt- 
ham 54, Massachusetts. 


@ Just published by Will Corp., Rochester 
3, New York, is a 16-page catalogue of the 
latest in plastic laboratory ware. Illus- 
trated and indexed, there are 78 different 
types of apparatus; some entirely new now 
available. 


@ A new 24-page catalogue of Pye 
Scientific Instruments completely de- 
scribes products such as Pye amplifiers and 
voltmeters; fluxmeters; galvanometers; 
Kelvin and other type bridges. Catalogue 
is available from Ealing Corp., 40 Univer- 
sity Rd., Cambridge 38, Massachusetts. 


@ Workers in the field of carbon will be 
interested in Industrial Carbon and Graph- 
ite, by the Society of the Chemical In- 
dustry, London, published by the Mac- 
millan Co., New York, at $25.75. 

The book consists of reports given by 
well-known scientists from all over the 
world at a conference on Industrial Carbon 
and Graphite in London, September 24-20, 
1957. 

Topics include: physical propertie-. 
manufacture, industrial carbon and grapl.- 
ite, crystal structure, surface chemic::! 
properties and reactivity, electrical be- 
havior and applications, in the nuclear 
power industry and mechanical, chemic:! 
and metallurgical applications. 
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het NOW! Construct Accurate, 


They are e 
licrotech- 
3-Dimensional Representations 
r 
ble from ar. 
wen ft of Molecular Structures! 
cket Size PHOSPHORUS + OXYGEN” «SILICON + NITROGEN 
mometers CARBON BROMINE + CHLORINE 
fications 
10meters 
srooklyn 
k Bivd., 
MODELS ARE 
1 68 to MADE OF CATA- 
‘uments, LIN AND CON- 
s is now SIST BASICALLY OF DISTINCTIVELY COLORED 
a SPHERES, COMPRISING ELEVEN ELEMENTS 
IN THEIR VARIOUS VALENCES 
) con- 
“ eal Each element is colored in agreement 
1s Elec- with the recommendations of the British 


Mount Institute of Physics, and all are designed 
to give appropriate representations to the 
three basic dimensions of the atom: 


ck—T he 
ee—has Bond Length 
Bond Angle Spherical Diameter 
ii Sor CATALIN MOLECULAR MODELS 
for use are accurately dimensioned after the 
ents is Stuart pattern and based on develop- 
al Pub- ments conducted by the British Chemical 
, Walt- Research Laboratories. They give the 
truest possible reproduction of the 
ater stereochemical picture and provide the 
e of the most convenient means of demonstrating 
Illus- the phenomena. 
ment The selected scale: 1 cm. to 1 A or (10°:1) represents a reasonable compromise 
between cumbrous larger models and smaller ones which are difficult to handle. 
f Pye The atoms are accurately machined from durable Catalin cast phenolic resin. 
ly de- When it is desirable to assemble molecules, the usual structural formula should 
ers and be used as the blueprint for selecting the required atoms in the appropriate 
vail valency state and for the more convenient order of assembly. 
Jniver- Each model set is supplied complete with: 250 atomic models of eleven ele- 
etts. ments, rubber pegs for joining atoms to form molecules, pliers for extracting 
will be pegs, and an engineering drawing showing dimensions and facial angles of each 
Graph- atom in lined and partitioned cabinet. Separate atoms of all elements are also 
cal In- available at $.85 each. 


_ Cat. No. JC-76819 MOLECULAR MODEL SET—Complete . . . $210.00 
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Now you can specify Kimble for your 
“hard” glass needs in both graduated and 
ungraduated Krmax laboratory ware. 


New Kimax apparatus made from 
“hard” borosilicate glass offers excep- 
tional durability as well as the same 
accuracy and fine workmanship that you 
associate with Kimble. 

Krmax may now make possible quan- 
tity discounts to small laboratories. Ask 
your dealer how you may realize more 
savings when you buy Lab glassware. 

Kimble Glass Company is a subsidiary 
of Owens-Illinois, Toledo 1, Ohio. 


17027 BURET. Marked “A” to certify they 
meet N.B.S. requirements for design and 
accuracy. Tested and retested to insure ac- 
curacy. Sturdy, uniform tubing. Ends of de- 
livery tips are ground and beveled to mini- 
mize chipping. Rugged stopcocks with 
replaceable plugs. Machine-lined scales and 
numbers are durable. Capacity range in- 
cludes 10, 25, 50 and 100 ml. 

14000 BEAKER. Uniform glass distribution 
in sides and bottom for extra strength. 
Highly resistant to thermal shock and chem- 
ical attack. Easy pouring. In capacities 
ranging from 1 to 100 ml 

27060 FILTERING FLASK. Walls are heavy to 
withstand vacuum. Necks have heavy re- 


inforcing beads and are tooled for uniform 
stopper fit. Hose connection provides tight 
fit. Sizes from 25 to 1000 ml. 


28900 CHEMICAL FUNNEL. Thick-walled 
with beaded top and glazed tip for strength. 
A size for each diameter of filter paper. 
Long-stemmed (150mm) with stem bore 
sized to hold column of liquid. Bow! angle 
permits fast filtration. Sizes from 35 to 100 
mm (inside diameter of top). 


15060 GAS WASHING BOTTLE. KG-38 glass 
withstands severe mechanical shocks. Se.ls 
are heavy, uniform and carefully annealed 
for greater strength. Finely ground stand- 
ard taper joints provide gas-tight fit. In 125, 
250 and 500 ml. capacities. 


KIMAX is available through dealers in the United States. Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 


GENERAL OFFICES + TOLEDO 1, OH!0 
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So you may try the finest... 
S&S FILTER PAPER SAMPLER 


To acquaint more chemists with the advan- 
tages of S&S Analytical Filter Papers, we 
invite you to mail the coupon for a free 
sampler made up of many grades. 
S&S Filter Papers are known for their con- 
sistent accuracy, physical uniformity, and 
a wide range of types from which to choose. 
If you demand only the finest working tools, 
send for your S&S Filter Paper Sampler. 
Make your own tests. Compare. 
For retention values at a glance... 
S&S FILTRATION CHART 
Here is complete data on the relative reten- 
tion values of S&S Analytical Filter Papers 
and other brands, in convenient form for 
ready laboratory reference. 
This easy-to-read, desk-size chart shows at 
a glance which filter paper grade to use for 
a given analysis. 
You’ll want one of these valuable, time- 
, saving S&S Filtration Charts. To get yours, 
, just fill out the coupon below, and mail. 
uniform 
es' tight 
-walled 
trength. 
For the Bacteriologist and Chemist... 
Here a 4-page folder giving 
detailed information and 
Dept. JC-81 Keene, New Hampshire 
3 ee of rye eg filters, including Please send your free S&S 
5. Seals technique for sterilization, C Filter Paper Sampler 
filtration, and cultivation. Filtration Chart Membrane Filter Folder 
In 125, The folder describes the new Ni 
S&S “Bac-T-Flex”* flexible 
membrane filter, with the 
larger-sized green grid designed ied 
for easier and more accurate Address_ 
counting of bacteria colonies. , 
Send for your free copy. City, State 
| I S *“Bac-T-Flex” is a trademark 
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SERIES 4500-STIRRER TYPE 
PRESSURE REACTION APPARATUS 


Laboratories engaged in hydrogenation, alkylation, hydroly- 
sis, polymerization, sulfonation and other pressure reactions 
will recognize many applications for this versatile stirrer- 


type apparatus. 


An internal stainless steel cooling coil can be added, if 
desired. Maximum operating pressure is 1000 psig at 350 C. 


The I-liter bomb (A) weighs only 30 Ibs. The same assembly the stirrer. Bombs are made of type 316 stainless steel or from 


with 2-liter cylinder weighs 34 lbs. Notice (B) how the head other alloys on special order. Both | and 2 liter bombs 
can be removed without disturbing the fittings. Special heads operate in the same 1500 watt electric heater with variable 
(Cc) with any combination of fittings can be substituted for voltage temperature control. 


PARR instrument Co., MOLINE. ILLINOIS 


— EST. 1899 © MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 


with the Analytical pocket pH meter and revolutionary pH probe unit 


~~ Strips pH determinations of all com 


Provides simple, modern way of meaiuring pH accurately in 
field or laboratory. 3 
Makes it easy for untrained, unskilled persons to learn to 
make pH readings. ; 

Eliminates errors due to sampling techniques, turbidity, and 
presence of oxidizing or reducing sgents. 


25.00 


Measures 


x 585 Main Street, Chatham, N. J. 
din root cece with Please send full information about your pocket pH meter to: 
shoulder strap. Name 


Eliminates supports and beakers by combining the calomel | 
and glass electrodes with the sample holder, in a single Company 


polyethylene probe unit. 
Address 


Permits continuous, direct reading of pH with no buttons to 
hold down or dials to turn. a City State 
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RAPID PREPARATION OF 6-6 NYLON 


Submitted by: Jack B. Kinsinger, Michigan State University, East Lansing, Michigan 
Checked by: Robert L. Amundsen, Holt High School, Holt, Michigan 


PREPARATION 


Prepare in separate flasks a 5% solution of adipyl 
chloride in cyclohexane (or any water-immiscible hydro- 
carbon) and a 5% aqueous solution of hexamethylene- 
diamine. To the latter add a few drops of 6 M NaOH. 


DEMONSTRATION 


Place the aqueous solution into a ‘“Blender’’ or any 
suitably stirred glass vessel while the agitator is motion- 
less. Pour the immiscible hydrocarbon into the vessel 
and note the immediate formation of a film at the 
liquid-liquid interface. When the agitator is started 
the polymerization will be immediately noticeable and 
essentially complete in 2 to 5 minutes. Filter the super- 
natant liquid away from the polymer through a sintered 
glass suction funnel. 


The polymerization may also be performed in a test 
tube or beaker and a continuous thread or film can be 
pulled away from the interface with a wire loop. 
Any number of dibasic acid chlorides can be used in 
place of the adipyl chloride. The polymer may be 
drawn into a fiber by warming it on a watch glass on a 
hot plate and pulling as it nears the melting point. 


SOURCE 


“Interfacial Condensation,” E. L. WirrBecKER AND 
P. W. Morean, Abstracts Division of Polymer Science, 
ACS Meeting, Chicago, Illinois, September, 1958, 
Chemical and Engineering News, September 15, 1958, 
page 52. 
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CONDUCTIVITY OF FUSED SALTS 


Submitted by: Elbert C. Weaver, Phillips Academy, Andover, Massachusetts 
Checked by: John M. Sebeson, East Lansing High School, East Lansing, Michigan 


PREPARATION 


Use as a qualitative indicator of conductivity an 
electric-light in series with two bare metal wires and a 
115-volt source of electricity. When a good conductor 
is placed across the wires, the lamp lights. The wires 
should be about 1 cm. apart. 


DEMONSTRATION 


1. Place a conductor such as the blade of a screw 
driver across the wires. The lamp lights and shows 
that the apparatus is in working order. 

2. Place a 25-cm. length of 6-mm. soft glass tubing 
(a mixture of fused salts) across the metal wires. The 
lamp does not light, showing that glass at room tem- 
perature is practically a nonconductor. (The ions in it 
can move but very little.) 

3. Heat the glass in a Bunsen flame until it is soft 
and limp. Impress the soft spot in the heated glass 
while still in the flame across the metal wires. This 
time the lamp lights, showing that the ions in a liquefied 
salt ean move and conduct electricity. 


REMARKS 
The size of the glass tubing is not critical. Tubing 


smaller than 6 mm. melts quickly, but it may be less 
convenient to handle. Unless the wire electrodes are 
quite heavy, difficulty may be experienced in main- 
taining contact. The use of alligator clips may help. 
After the experiment, the cooled glass is strained. (The 
eyes of the experimenter should be protected when it is 
broken off the wires.) 

Application: Glass, ordinarily a nonconductor, may 
become a conductor in a domestic or industrial fire. A 
number of industrial glasses, porcelain enamels, are 
made in electric furnaces. 


VARIATIONS 


1. When a large wattage lamp is used, the heavier 
current tends to keep the glass sufficiently heated so 
that the lamp can glow continuously. Some adjust- 
ment of the space between the metal wires may be 
needed to fit a lamp of a given wattage rating. With 
a 150-watt lamp and '/, inch glass rod, the current once 
started will heat the glass until it melts. 

2. After the lamp is glowing, remove the glass and 
its adhering wires from the flame. The demonstrator 
then blows his breath on the glass to cool it and some- 
times can “blow out the light.” 
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Developed after years of experimentation and exhau:- 
tive testing this superior crucible will serve many 
purposes in the laboratory. The very fine (1.2u) po- 
rosity will be useful in bacteriological work, the fine 
(Su) porosity for filtering fine precipitates, and the 
medium porosity (15u) for more rapid filtration of 


precipitates. 


Special forming techniques have resulted in a porous 
disc formed into the crucible wall in suck a way as to 
prevent cracking or dropping out during ignition cr 
use. Made of the same high quality materia‘s as 
Coors Chemical Porcelain, the disc will not disinte- 
grate when acids (except HF) or moderate alkaline 


solutions are in contact with the porous medium. 


WRITE Coors PORCELAIN COMPANY 
FOR BULLETIN GOLDEN, COLORADO 


Acetonedicarboxy’ 


droascorbic Acid; De 


tory Clupein; 


CENCO® 


IMMERSION 
lyeyl It Heparin; 

HEATERS 

id; lod jodoacetemide; 

oic Acid; Isoascorbie Acid; isocitrie. leceytesine, 


Acid Lectobionic Acid; Ighyei 
Now—of stainless steel to resist Lithiom Amide, Mey eg wy 
corrosion, knife-type for rapid ide; Mescaline Sulfate; Mesocystine; 
ting. May many loroethylamine; 8-Methylerotonic Acid; 3- 
types of liquids. New 3-prong plug id; ie Acid; Para- 


enables safe grounding. Phenolohthalein 
Ipyruvic yo h cid; Phthiocol; Pregnenolone; 


wie 
A B Cc jum Sodium Fiuorcecetate; Sphin- 
125 250 | 450 Tentalum joride; o-Ter- 
Thiomalic re y 


CENCO the most complete fine of scientific in- 
struments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1718-E trving Park Road © Chicago 13, Illinois 


23 West 60th St. New York 23,N.Y 
Telephone Plazo 77-6317: 
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— Welch — 
Duo-Seal, Mechanical and Diffusion Pump Assembly 


EACH ELEMENT WITH TWO-STAGE CONSTRUCTION 
WATER-COOLED OR AIR-COOLED MODELS 


HIGH VACUUM ¢ OUTSTANDING PERFORMANCE 
* GUARANTEED VACUUM—0.001 Micron 


(0.000 001 mm Hg) 


* CAPACITY AT 0.1 MICRON 


600 Liters Per Minute— 


e ECONOMICAL TO RUN AND MAINTAIN 
QUIET OPERATION 


This is unusually Other combinations are available with 
unit, employing a two-stage mechanical pump and an un- - : 
breakable, all-metal diffusion pump. The sine components speeds of 300 to 16,000 liters per min at 
are properly matched as to performance and together will 0.1 micron. We will gladly submit full 
produce a vacuum of better than mm quietly and rapidly tie binati 
without the use of cold traps. Ready to put into service, com- 
plete with oil for both pumping elements. for your particular application. 


1392. MECHANICAL AND DIFFUSION PUMP, 1391. DIFFUSION PUMP, Only, Water Cooled, With 

Water-Cooled. Octoil. ' Each, $100.00 

For 115 Volts, 60 Cycles, A.C. Each, $275.00 1394. DIFFUSION PUMP, Only, Air Cooled With 

1392A. MECHANICAL AND DIFFUSION PUMP, Octoil. Each, $100.00 
Air Cooled. 1393. MOUNTING PARTS. 

For 115 Volts, 60 Cycles, A.C. Each, $275.00 For mounting No. 1391 or No. 1394 Diffusion Pump 

For attached Belt Guard, add $15.00 to above prices. on base of mechanical pump. Set, $3.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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PUBLICATIONS 


An integrated introductory treatment of organic chemistry, 


@ text treating new discoveries and recent trends in the science of chemistry, 


and a thorough discussion of elementary quantitative analysis... 


ORGANIC CHEMISTRY 


by H. HARRY SZMANT, 
Duquesne University 


Szmant’s integrated introductory 
treatment of organic chemistry, has 
dual emphasis: the theoretical as- 
pects of organic chemistry, and the 
industrial interrelationships and util- 
ization of organic compounds. 


CONTENTS: Preface. Introduction. 
GENERAL THEORY: Introduc- 
tory Chapter. Some Results of the 
Study of Molecular Structure. The 
Concept of Resonance. Principal 
Types of Organic Compounds. 
THE CHEMISTRY OF THE IM- 
PORTANT FAMILIES OF OR- 
GANIC COMPOUNDS: Introduc- 
tion. The Sources of the Principal 
Organic Raw Materials. Organiza- 
tion of Part Il. A—THE HYDRO- 
CARBONS AND THEIR HALOGEN 
DERIVATIVES: The Aliphatic 
Hydrocarbons. The Alicyclic Hydro- 
carbons. The Aromatic Hydro- 
carbons. Halogen Derivatives of 
the Hydrocarbons. B—ORGANIC 
COMPOUNDS CONTAINING 
OXYGEN; Introduction. Alcohols. 
The Phenols. The Ethers. Alde- 
hydes and Ketones. Quinones. 
Carboxylic Acids and Their Deriva- 
tives. C—ORGANIC COMPOUNDS 
CONTAINING NITROGEN: In- 
troduction. The Amines. Deriva- 
tives of Hydrazine. Nitroso Com- 
pounds and Oximes. Nitro Com- 
pounds. Azides. D—ORGANIC 
COMPOUNDS CONTAINING 
SULFUR, PHOSPHORUS, SILI- 
CON, & CARBON-METALLIC 
BONDS: Introduction. The Sulfur 
Compounds. Organic Phosphorus 
and Arsenic Compounds. Silicon 
Compounds. Organometallic Com- 
pounds. E—HETEROCYCLIC 
COMPOUNDS: Introduction. The 
Common Heterocyclic Ring Sys- 
tems. MISCELLANEOUS TOPICS. 


1957 803 pp. Text price $8.00 


GENERAL CHEMISTRY: 
A First Course, 4th Ed. 


by LEONA E. YOUNG, Mills College 
and C. W. PORTER, University of 
California 


This new edition discusses new dis- 
coveries and recent trends in the 
growing science of chemistry. De- 
signed for students who have had no 
previous training in chemistry, this 
text presents a systematic treatment 
of the elements based upon the 
Periodic System and the modern 
theory of atomic structure. 


CONTENTS: Matter and Energy; 
Compounds, Elements, and Mix- 
tures. The Atmosphere, Oxygen, 
Hydrogen; Water; Solutions; Gas 
Laws. The Electron Theory; The 
Periodic Table; Atomic Structure; 
Chemical Equations. Acids; Bases, 
and Salts; Ionization; Electromotive 
Series; Colloids. Chemical Calcula- 
tions. The Alkali Metals. The 
Halogens and Halogen Acids. Nitro- 
gen, Phosphorus, Arsenic, Antimony, 
and Bismuth. Carbon and Silicon. 
Sulfur, Selenium, and Telurium. 
Beryllium, Magnesium, Calcium, 
Strontium, Barium, and Radium. 
Boron, Aluminum; Rare Earth 
Elements. Copper, Silver, and 
Gold. Zinc, Cadmium, and Mer- 
cury. Electric Cells; Storage Bat- 
teries, Electrode Potentials; Elec- 
trolysis. Germanium, Tin, and 
Lead; Titanium, Zirconium, and 
Hafnium. The Periodic Table. Iron, 
Cobalt, Nickel, and the Platinum 
Family. Radioactivity and the 
Transmutation of Elements; the 
Actinide Series; Atomic Energy. 
Carbon Compounds. Plant and 
Animal Life. Appendix. 


1958 628 pp. Text price $6.75 


To receive approval copies of any book described above, or a free copy of our 
latest Chemistry textbook catalog, write: Box 903 


PRENTICE-HALL, Inc. 


ELEMENTARY QUANTITATIVE 
ANALYSIS 


by HAROLD F. WALTON, 
University of Colorado 


An elementary text offering explicit, 
step-by-step laboratory directions, 
fundamental theory, and ample 
advanced material and experiments 
to allow the enterprising student to 
look ahead to the wide field of mod- 
ern analytical chemistry. 


CONTENTS: Introduction: Gravi- 
metric Analysis. The Balance and 
Weighing. The Laboratory Note- 
book. Gravimetric Analysis, Ex- 
perimental Determinations: Chlo- 
ride, Sulfate, Iron. Moles; 
Solubility Products. Additional 
Gravimetric Determinations: Nick- 
el, Silica, Magnesium. Electro- 
lytic Analysis: Determination of 
Copper. Volumetric 
Principles, Techniques, Calculations, 
Volumetric Determination of Chlo- 
ride. Acid-base Titrations. Acids 
and Bases: Theory. Total Dis- 
solved Salts by Ion Exchange, 
Kjeldahl Determination of Nitrogen. 
Oxidation and Reduction: Theory. 
Standard Permanganate Solution: 
Determination of Iron and Calcium. 
Iodine-Thiosulfate Titrations. Com- 
plex-Forming Titrations. Hardness 
of Water, Cement Analysis. Photo- 
metric Analysis. Appendix. 


1958 342 pp. Text price $5.95 


Englewood Cliffs, New Jersey 
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emistry Books - - - 


BASIC CONCEPTS 
IN CHEMISTRY 


by GEORGE W. WATT 


University of Texas 


A new and different introductory chemistry text for majors and non-majors 
emphasizing the judicious selectivity of material for the elementary course. ..to 
teach less total subject matter but to teach it well. 


It provides a minimum framework of basic concepts and descriptive material 
upon which the individual teacher may elaborate and build as he wishes. Cast in 
a more modern viewpoint and approach the early chapters of this new book 
present basic ideas and concepts in as simple a fashion as possible and with a 
minimum of supporting descriptive information. In the intermediate chapters, 
many of these concepts are the subject of expansion and elaboration as needed, 
and in many instances, repetition is deliberate. The latter chapters are con- 
cerned with descriptive chemistry on a generalized basis related to atomic struc- 
ture and the periodic arrangement of the elements. 


The]text is logical in approach, an excellent introduction and development of 
principles necessary to an understanding of chemistry. 


538 pages, $6.50 


Also Available ... 
Two 
LABORATORY MANUALS 


LABORATORY EXPERIMENTS 
IN GENERAL CHEMISTRY 

AND QUALITATIVE ANALYSIS 6e 

Third Edition, by George W. Watt. In 

this revision, the experiments are re- Concepts in Chemistry, #7 Watt, as and ae 

arranged to conform with the subject sequence of experiments in Part 

matter in the new text, together with in addition 

several new experiments. the sequence, the author has elimina 
some experiments, added several new 
ones, and revised those which remain from 

275 pages, $3.50 the second (1951) edition. Several ex- 

periments have been improved by de- 
signing them on the basis of “‘unknowns,” 

and student report sheets have been 


COLLEGE CHEMISTRY shortened wherever possible. The new 


edition features ex: —— by 
illustra 


LABORATORY MANUAL James R. Holmes who also 


Watts new 99 
by George W. Watt and L. O. Morgan. 
Although in a sense a revision of an Lawrence P. Eblin 
earlier title by these authors, Labora- Ohio University 
tory Experiments in General Chemistry Athens, Ohio 
and Semimicro Qualitative Analysis; —In Journal of Chemical Education 
this new manual is suitable for use in October, 1958. 
freshmen courses that do not include 
qualitative chemical analysis, as well 
as those that do. 


262 pages, $3.50 
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NUCLEAR MAGNETIC RESONANCE: “plications 


John D. Roberts, California institute of Technology. McGraw-Hill Series in Advanced Chemisiry. Ready in Janvary, 1959. 


This brief book is the outgrowth of a series of forty lectures sorptions is explained, along with the uses of high resolution 
in which the phenomenon of nuclear magnetic resonance ab- nuclear magnetic resonance spectroscopy. 


HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE 


By J. A. Pople, Cambridge University; W. G. Schneider, National Research Council of Canada’ and H. J. Bernstein, 
National Research Council of Canada. McGraw-Hill Series in Advanced Chemistry. Ready in-Spring. 


Written primarily for the chemist and physicist, this very plications for this newly-developed analytical method of 
important and timely volume explains the principles under- structure determination. 
lying high resolution NMR, and describes the range of ap- 


QUALITATIVE ANALYSIS: An_ Introduction to Equilibrium 
and Solution Chemistry 


By THERALD MOELLER, University of illinois. 550 pages, $6.50 


An important new text presenting the principles of chemical mon anions and cations in detail and lays a foundation of 
equilibrium as applied to solution chemistry, and imple- fact and theory for a subsequent course in quantitative 
menting this presentation by means of laboratory training analysis. The extensive treatment of the anions acquaints 
in qualitative analysis. It covers the majority of the com- the student more fully with the chemistry of the nonmetals. 


FUNDAMENTAL CONCEPTS OF INORGANIC 
CHEMISTRY 


By ESMARCH S. GILREATH, washington and Lee University. 421 pages $7.50. 


This text for the one-semester junior level university course and recent discoveries in nuclear transformations are cov- 


in inorganic chemistry offers an elementary approach to cer- ered. Also included is the most comprehensive discussion 
tain theoretical concepts. A minimum of description has to be found in an inorganic text on inorganic substances in 
been included, with a maximum of essential but easily- nonaqueous solution. Pertinent questions follow each 
understood material. Such recent advances as atomic chapter. 


nuclei structure, complex ions, and coordination cormpounds 


McGraw-Hill Book Company, Inc. 


330 West 42nd Street New York 36, N. Y. 
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literature. Trade names, abbreviations, 
manufacturers, etc. are given where pos- 
sible. Brief biographical sketches of 
eminent chemists, lists of publishers, 
short accounts of periodicals, are typical 
unexpected and pleasant finds that greet 
the reader. The volumes were obviously 
not written for chemists alone; the work- 
ers in all scientific fields and the well- 
rounded public will find much of value 
here.”’ 

The present edition, issued after an 


interval of six years, contains almost 
25,000 entries as opposed to 15,000 in its 
immediate predecessor. To avoid making 
the work too bulky, liberal use has been 
made of space-saving devices, but even so 
the number of pages has increased by 
around 400. Much of the text has been 
rewritten and the most recent data are 
supplied. No less than 15,600 references 
to the literature are given and 18,000 
suggested sources of supply for products 
on the market. German prices are sup- 
plied in many cases. Trade names are an 
important item and in each case it is 
stated whether the name is registered. 

The reviewer has made “test borings’’ 
with respect to many and varied topics, 


New LaPine Laboratory Apparatus Speeds Work— 
Maintains Highest Levels of Precision 


VARIABLE SPEED CONE-DRIVE STIRRER: 


1. Mechanical speed regulation...no rheostat. 
2. Visual speed indicator. 3. Torque increases as 
speed decreases. 4. Continuous Duty Motor. 5. In- 
finitely variable speeds. 6. Two hollow spindles. 


This stirrer has a cone-drive transmission 
which increases torque as s decreases. 
Adequate power is available regardless of 
speed, within the infinitely variable range 
of 18 to 2250 rpm. 

Two hollow spindles permit stirring rod 
to be adjusted to desired height quickly. 
The low-speed spindle covers the range 
18-270 rpm. The high-speed spindle, 150- 
2250 rpm. 


Motor guaranteed one year—Stirrer is 
designed for continuous without 
lubrication or maintenance. Totally en- 
closed induction motor has no brushes to 
wear. Motor is fan-cooled. 

For operation on 115 volts, 60 cycles 
AC. Complete with %” x 15” nickel- 
plated mounting rod, 6-ft cord and plug 
with on-off switch and ground lead. 


No. CE383-31 Variable Speed Cone-Drive Stirrer, 
h $85.00 


TEMPUNIT WATER BATH CONTROLLER 
Controls Temperature, Heats, Stirs 
—Accurate pneumatic control system 
holds uninsulated 4-gallon (larger if insu- 
lated) water bath to 0.05°C from set point. 

Tubular 1000-watt heater is wound in 
the shape of a helix. A stirrer rotating in- 
side the coil effectively dissipates heat. 
Large heater capacity enables rapid heat- 
ing from room temperature to desired 
level. 

Stirrer suction circulates one liter of 

water per minute to stabilize temperature 
of external instruments. Water bath and 
the TEMPUNIT are protected from over- 
heating or stoppage of water circulation 
by automatic shut-off. 
Convenient Clamp Mounting—A fiber- 
cushioned clamp attaches the TEMP- 
UNIT firmly to flat or curved surfaces of 
any container. Weight is 64% pounds, 
overall height 10 inches. 


Write for your copy of LaPine Apparatus News 
today. Get a complete description of dozens 
of new and exclusive items by return mail! 


ARTHUR S. LaPINE and COMPANY 


LABORATORY SUPPLIES » EQUIPMENT + REAGENT AND INDUSTRIAL CHEMICALS 
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both familiar and unfamiliar to him, 
and not once was he disappointed. This 
is truly a remarkable source of informa- 
tion, and presented in a clear interesting 
style. The mechanical features of the 


‘volumes are first class. Needless to say, 


the new Rémpp is heartily recommended 
to all German-reading scientific-minded 
men and women. 


RALPH E. OESPER 
UnNIvereiTy or CINCINNATI 
Cincinnati, 


GMELINS HANDBUCH DER 
ANORGANISCHEN CHEMIE. 
SYSTEM 28: CALCIUM. PART B, 
SECTION 2 


Edited by the Gmelin Institute under the 
direction of E. H. E. Pietsch. Eighth 
edition. Verlag Chemie, GmbH., Wein- 
heim Bergstr., 1957. xvi+392pp. 46 
figs. 17.5 X 25.5 cm. $52.56. 


THE present volume covers the materia! 
on calcium compounds through calcium 
sulfide. The remaining compounds of 
calcium starting with calcium sulfite wil! 
be treated in the forthcoming volume, 
Calcium B, section 3. 

The very complete index makes it 
quite easy to look up any particular 
property or constant of the various 
compounds of calcium. The sequence 
of material is determined by the Gmelin 
System of classification. Following the 
material on the hydrides, the volume deals 
with the oxides, the hydroxides, the 
peroxides, the nitrides, the azide, imide, 
and amide; then the Ca-NH; system, 
the compound of Ca(NHs3). and the 
salts of the oxygen acids of nitrogen as 
well as the corresponding addition com- 
pounds, systems, and basic salts. 

The compound, CaF, which is one of 
the few compounds with free molecules 
in the gaseous state which can probably 
be considered to represent a lower valence 
of calcium and whose nature in the con- 
densed phase is not fully known, has three 
full pages devoted to its treatment and is 
presented under the following heads: 

Solid state: preparation, heat of forma- 
tion, and chemical behavior. Gaseous 
state: preparation, the molecular weight 
and other constants of the molecule, the 
vibration frequency, the nuclear distance, 
the moment of inertia, the spectrum, 
production limitations, the Zeeman effect, 
and analysis. 

The more familiar compound, Cal’; 
requires forty pages to present tle 
approximately 150 headings which are 
listed. All other compounds are fully 
treated. Of special interest is the d:- 
tailed information on the properties «/ 
CaCl, solutions used as refrigerant-; 
and the entire chapter on chloride «{ 
lime which is very complete. 

This volume, together with the enti: 
system, No. 28, dealing with calciu1 
should be in any chemical referen: » 
library which covers classical inorgan 
chemistry. 

ROY I. GRAIL 
Tur or Wooster 
Wooster, Ox10 


(Continued on page A616) 
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By Louis Gordon, Case Institute of Technology; Murrell 
).. Salutsky, W. R. Grace & Company; and Hobart H. 
Willard, University of Michigan. Written by three men 
who have contributed most of the existing literature in 
the field, this book presents analytical methods for ac- 
precipitation from homogeneous solution 
so efficiently as to make re-precipitation unnecessary. 
Stress is placed on the improved nature of ai = 
with regard to uniformity of particle size, filterability, 


Edited by Albert Neuberger, St. Mary's Hospital Medical 
School, London. Sponsored by the Protein Commission of 
the Section of Biological Chemistry of the InTer- 
NATIONAL UNION OF PurE AND APPLIED CHEMISTRY, Paris 
Meeting, July 25-29, 1957. The main papers of the 
Paris Meeting, held at the College de France under the 
chairmanship of Professor Jean Roche, comprise this 


By U. Fano and L. Fano, both of the National Bureau of 
Standards. This text offers a systematic treatment of 
quantum physics, yet does not require an extensive 
previous knowledge of physical theory or familiarity 
with its mathematical procedures. The authors de- 
velop ideas and establish laws through inductive analysis 
of experiments and only then formulate the mathematical 
symbols, equations, and calculations that represent them. 


By Hervey B. Elkins, Department of Labor and Industries, 
Commonwealth of Massachusetts. Retaining the first edi- 
tion’s extensive treatment of the subject and at the same 
time containing much specific information on industrial 
hazards and chemical procedures, this second edition 
includes a wealth of new material. It offers additional 
and revised information on all of the new or newly recog- 
nized hazards, with particular attention directed toward 


By H. Baines, Kodak Ltd., London. Treats photography 
from the scientific viewpoint in language which the 
student with a minimum of advanced scientific know]- 
elge can understand. Clearly and comprehensively, 
te author discusses the theory underlying photography, 


440 Fourth Avenue 
VOLUME 35, NO. 12, DECEMBER, 1958 


New and forthcoming Wiley texts and references 


PRECIPITATION FROM HOMOGENEOUS SOLUTION 


SYMPOSIUM ON PROTEIN STRUCTURE 


Send today for examination copies. 


JOHN WILEY & SONS, Inc. 


ease of washing, and purity which can be achieved in 
controlled precipitation. The authors believe that ex- 
perimentation with homogeneous solutions will eventu- 
ally lead to the discovery of techniques providing easy 
multi-stage precipitation operations. More recent theo- 
ries are examined of the co-precipitation phenomena 
arising from research work on homogeneous solution. 
Ready in January, 1959. Approx. 212 pages. Prob. $7.50. 


volume. They present a general survey of protein chem- 
istry and also consider the question of homogeneity or 
““purity’’ of protein. The 36 papers are written in three 
different languages—English, French, and German. 
Among the specific proteins treated are: haemoglobin 
and myoglobin, proteolytic enzymes, ribonuclease, and 
tobacco mosaic virus. 1958. 351 pages. Illus. $7.75. 


BASIC PHYSICS OF ATOMS AND MOLECULES 


As starting points of the inductive analysis they have 
chosen a A experiments that illustrate most directly 
the characteristic properties of atomic systems. The 
book gives a qualitative picture of the properties of 
atoms, rather than teaching how to calculate the solu- 
tions of quantum mechanical problems. Ready in Febru- 
ary, 1959. Approx. 448 pages. Illus. College edition prob. 
$10.00. 


THE CHEMISTRY OF INDUSTRIAL TOXICOLOGY 
Second Edition 


the more dangerous and highly publicized ones, such as 
insecticides and radioactive isotopes. Also included are 
discussions of new developments in the field of industrial 
toxicology in relation to standard permissible concen- 
trations and analytical methods, with particular em- 
phasis on the analysis of body fluids. Ready in February, 
1959. Approx. 452 pages. Prob. $11.50. 


THE SCIENCE OF PHOTOGRAPHY 


including such topics as latent image theory, the mech- 
anism of development, reciprocity failure, and color 
masking. Elementary chemistry and physics lessons are 
inchuibed in each chapter to provide background for the 
discussion. In press. 


New York 16, N. Y. 
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BIOCHEMICAL PREPARATIONS. 
VOLUME 5 


Edited by David Shemin, Professor, 
College of Physicians and Surgeons, 
Columbia University. John Wiley & Sons, 
Inc., New York, 1957. ix + 115 pp. 
15.5 X 23.5 cm. $4.75. 


Tue fifth volume of ‘Biochemical 
Preparations” appears to be a carefully 
edited continuation of this series. The 
object of these annual volumes is to 


provide a collection of verified prep- 
arations for the use of biochemical re- 
search workers and for the training of 
students in biochemistry. While the 
first objective is admirably realized in 
Volume 5, the book dces not optimally 
fulfill the second aim, possibly because 
of the dearth of contributions. Of 
the 21 preparative procedures, over 
two-thirds involve the use of routine 
methods of organic chemistry, and only 
the remaining one-third employs some 
variety of biochemical methodology. Es- 
sentially organic chemical methods are 
involved in the synthesis of dibenzyl 
phosphorochloridate, phosphatidyl eth- 
anolamine, sodium phosphocreatine, 
D-glyceric acid-2-phosphate, S-succinyl 


SCIENCE 


deserves 


Model No. 550-S 


DEPARTMENT 
THE BEST..- 


CERES 
HARVARD TRIP BALANCE 


LOW INITIAL COST 
Models from $20.50 
e LONG LIFE-LASTING 
~CORROSION 

PROTECTION 


* SELF ALIGNING 
AGATE BEARINGS 


* HARDENED STEEL 
“KNIFE EDGES 
* HIGH STRENGTH CAST 

ALUMINUM BEAM WITH 
* ENDS CROSS-BRACED 
*CAPACITY—-2KG. 


* SENSITIVITY—0.1 GRAM 
for complete 
information WRITE 
for FREE bulletin! 


SCALE CORPORATION 


1050 COMMEFCE AVE. 
UNION, NEW JERSEY 


Harris; 


coenzyme A, adenine-8-C'*, 2-deoxy- 
p-ribose, pD- and t-glutamines, homo- 
cystine and homocysteine, p-, L-, anc 
pi-forms of S-benzylhomocysteine, imid- 
azoleacetic acid hydrochloride and 
formimino derivatives of glycine, 
aspartic and .t-glutamic acids. Typica 
biochemical procedures are used for th« 
preparation of aldolase, crystalline con- 
densing enzyme, cytochrome C, S-adeno- 
sylmethionine, nicotinamide mononucleo- 
tide, and the separation of 5’-deoxy- 
ribonucleotides and the nucleotides o: 
ribonucleic acid. Considerable overlay 
was noted with similar preparations in 
the recently published ‘Methods o: 
Enzymology, Volumes JI-III.”’ Par. 
ticularily commendable in this volume 
are the many informative footnote. 
provided by the checkers of each prep- 
aration, and the compilation of com- 
pounds of biochemical interest whic, 
have appeared in the older “Organic 
Synthesis” series. 


EARL FRIEDEN 
Fioripa State UNIVERSITY 
TALLAHASSEE, FLORIDA 


PROGRESS IN ORGANIC CHEMISTRY. 
VOLUME 4 


Edited by J. W. Cook, Vice-chancellor, 
University of Exeter. Academic Press 
Inc., New York, 1958 ix + 256 pp. 
15.5 X 25cm. $8.50. 


Tuis is the fourth volume edited by 
J. W. Cook in the series on “Progress in 
Organic Chemistry.’”’ Descriptions of re- 
cent developments in a number of rather 
randomly selected fields of organic chem- 
istry are presented and the general pattern 
followed is that employed in the earlier 
volumes. 

The six topics discussed in the present 
volume and their reviewers are: Naturally 
Occurring Unsaturated Fatty Acids, F. D. 
Gunstone; Free Valence in Conjugated 
Organic Molecules, B. Pullman and A. 
Pullman; Oxygen Heterocyclic Fungal 
Metabolites, W. B. Whalley; Naturally 
Occurring 2-Acyleyclohexane-1,3-Diones, 
C.H. Hassall; Degradation and Synthesis 
of Peptides and Proteins, A. H. Cook and 
Heterocyclic Derivatives of 
Phosphorous, Arsenic and Antimony, 
F. G. Mann. 

Each author is a major contributor 'o 
the subject about which he has written 
and the reviews may be considered authori- 
tative. The first chapter provides » 
excellent concise survey of methods - 
synthesis of unsaturated fatty acids 
well as an account concerning the occu: 
rence, isolation, and structure of varioi s 
well-known and unusual unsaturat: 
fatty acids including those containi 
acetylenic, cyclopropene, and cyclopente: ° 
moieties. The omission of jojoba oil as - 
source of higher monoethenoid 
acids is noteworthy only by reason of t! ° 
otherwise thorough coverage. A parti - 
ularly unfortunate typographical err 
noted in this chapter (page 11, first lin 
substitutes linolenic acid for linol 
acid. The second chapter shows how t ¢ 


(Continued on page A618) 
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COMING APRIL 1959 


"RIEDEN 


A SHORT COURSE OF ORGANIC CHEMISTRY 


By JOHN EDWARD LEFFLER, 
Florida State University 


> 


ween Designed primarily for non-majors, this clearly-stated text repre- 

sae sents a complete departure from highly technical treatments of 

“a the subject. An introduction to the basic concepts and nomen- 

256 pp. clature of organic chemistry is followed by a unified survey of the 
important classes of compounds. Unusual applications are made 

lited by in the chapters on special topics, including the organic chemistry 

fim of odor and color, molecular energy, and the chemistry of large 

f rather molecules. 

ic chem- 

— 

eariier 

a THE CHEMISTRY OF ORGANIC COMPOUNDS 

aturally Fifth Edition 

by JAMES BRYANT CONANT, 

and A. formerly President of Harvard University, 

a and ALBERT H. BLATT, 

_Diones, Queens College 

par This compact text offers sufficient material for those who are 

tives of taking a terminal course and also provides a good foundation for 

timony, those contemplating advanced work. Relating concepts to their 

yutor to application, the authors discuss important mechanisms in connec- 

written tion with reactions to which they apply and bond types in rela- 

authori- tion to structures containing them. Featuring a change in the 

«rt ‘t order of presentation, the fifth edition of this text opens with a 

ids »s discussion of isomerism, structure, and valence and then proceeds 

> occu’ to the hydrocarbons. 
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“Multiple Unit” 


MUFFLE FURNACE 
Temperatures to 1850" F. 


This furnace is a complete self-con- 


tained unit with the temperature 
indicating and controlling devices 


conveniently located in the pyram- 
idal base. Four interchangeable and 
reversible heating units of heavy 
gauge Nickel Chromium Wire in- 
stalled in grooved refractory plates 
completely surround the heating 
chamber. 


Write for Bulletin 849 for complete details. 


T 
ype W. 


Price 


051-PT 5% 


$ 145.00 


052-PT 4% 


210.00 


054-PT 5% 


245.00 


056-PT 7% 


315.00 


012148-PT* 1% 


1050.00 


Operating voltage either 115 or 230 vo 


perature control $230.00 additional. 


FOR GENERAL AND SPECIALIZED LABORATORY APPLICATIONS 


“Multiple Unit” 


HOT PLATE 


Temperatures to 750° F. 


7 Standard sizes, sturdily built 
to industrial standards. Long 
life heating units radiate di- 
rectly to the steel top plate as- 
suring fast heat up and an even 
heat over the entire top surface. 


Three switch heat control offers 
high, medium and low heats. 


Its A.C. only except 012148-PT is 230 volt only. 


Write for Bulletin 835 for complete details. 


Location of 
switches on 
this edge 


Size in 
inches 


Shippi 
Weight: Ibs. 


Watts 


12x12 12” 


12x18 


18xi2 18” 


18x24 18” 


24x18 24” 


62x18 18” 


41x24 24” 


Each Hot Plate operates on 115 or 230 volts. 


“ELECTRIC co. 


Milwaukee 1, Wisconsin’ 


@ LABORATORY FURNACES 


TRADE 


MULTIPLE UNIT 


MARK 


@ ELECTRIC EXCLUSIVE 
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free valence values of individual carbon 
atoms as well as bond orders in conjugated 
cyclic materials may be derived. In 
the next two chapters two somewhat 
related groups of natural products are« 
discussed—fungal metabolites including 
some of the natural chlorine-containing 
organic compounds and other biologicall, 
active natural products such as usnic acic 
from lichens. The chapter on peptide: 
and proteins (much the largest, comprising 
77 pages with 484 references) gives ar 
account of recent advances in this im- 
portant field. Methods for identifying 
terminal groups, for the determinatio: 
of the total structure, and for chemica: 
synthesis of polypeptides are presented 
The biosynthesis of polypeptides is als« 
discussed. In this as well as in othe: 
chapters, attention is given to problems 
of biogenesis. In the last chapter em- 
phasis is on up-to-date methods of prep- 
aration, but attention is called to salient 
chemical characteristics, _ particularly 
stereochemistry and _ optical activity 
due to arsenic and antimony. 

A strenuous effort has obviously been 
made to bring the reviews as up-to-date 
as possible as evidenced by the numerous 
references in each chapter to articles 
published in 1957. 


L. A. GOLDBLATT 
U. S. DEPARTMENT OF AGRICULTURE 
New Orveans, LovIsiIANA 


THE STRATEGY OF CHEMOTHERAPY 


_Edited by S. T. Cowan and E. Rowsatt, 


Central Public Health Laboratory, London. 
Cambridge University Press, New York, 
1958. viii + 360 pp. 16.5 X 25 cm. 
$7. 


IN sIXTEEN chapters, the present and 
future problems of chemotherapy are 
reviewed by nineteen competent end prom- 
inent American and British contributors 
who participated in this symposium in 
London in April, 1958. Obviously, the 
manuscripts must have been submitted in 
advance; the unusually prompt pub- 
lication of these articles gives the book a 
stamp of timeliness and up-to-dateness. 

The chapters include such subjects as 
general biochemical principles of chemo- 
therapy; antibiotics in chemotherapy: 
selective inhibition of bacterial cell wll 
synthesis; surface-active bactericid:s: 
membrane penetration and the therapeu! ic 
value of chemicals; inhibitors of enersy 
supplying reactions; lethal synthes's; 
selective inhibition of virus multiplicatio»; 
specific inhibitors of protein synthes»; 
mechanisms of chemotherapeutic synerg ; 
and the chemotherapy of bacterial, fung: | 
and some protozoal diseases. 

The book is addressed to advanc: 
readers with a well-founded understandi 
in organic and physical chemistry, 
microbial biochemistry and the bord 
line areas between these sciences. | 


(Continued on page A620) 
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New Pergamon Books 


SOME PROBLEMS OF CHEMICAL KINETICS AND REACTIVITY 


By Academician N. N. SEMENOV 

Translated by J. E. S. BRADLEY 

Foreword by Sir CYRIL HINSHELWOOD, President of the Royal Society 

A specialised treatise on reaction kinetics, with particular emphasis given to free radical reactions 
and chain reactions. For this English edition, fresh data appearing in the world literature or 
obtained at the Institute of Chethical Physics has been incorporated, and other been substantially 
enlarged by Nobel Prize Winner Semenov. 

This systematic treatment of radical and radical-chain reactions is essential reading for all workers 
in kinetics. 

Vol. 1 312 pages 8%2"x5%”" $12.50 Vol. Il ready early 1959 


BORON FLUORIDE AND ITS COMPOUNDS AS CATALYSTS IN ORGANIC CHEMISTRY 


By A. V. TOPCHIEV, S. V. ZAVGORODNII and YA. M. PAUSHKIN 
Translated by Dr. J. E. S. BRADLEY 
In this book the use of boron fluoride as a catalyst in organic chemistry and also with its derivatives and molecular compounds is discussed. 


Approx. 450 pages 8” x 102” In preparation $12.00 
PERKIN CENTENARY LONDON VAPOR-LIQUID EQUILIBRIUM 


° By EDWARD HALA, J. PICK, V. FRIED and 

100 Years of Synthetic Dyestuffs O. VILIM, Technical beicuee Prague 
d Translated by Dr. G. STANDART 

This book is intended for workers in the 
the chemical industry who have to deal with 
A aad problems of distillation and rectification. It 
should help them in design, development and 
Sir OM the rational operation of distillation equip- 
FRS y on ment by showing how to obtain the necessary 
eee equilibrium data and numerical results. 


136 pages 9" x5%" $7.50 402 pages 9” x6" $14.00 


and Journals in the same fields 
JOURNAL OF INORGANIC AND NUCLEAR CHEMISTRY 


Edited by J. J. KATZ, Chicago, H. A.C. McKAY, Harwell, and E. J. VERWEY, Eindhoven. With 
an International Advisory ; 

The journal publishes original research papers, both experimental and theoretical, in the in- 
organic field. The boundary between this and other branches of chemistry may not always be 
easy to define, but the emphasis will be primarily on such topics as the following: New com- 
pounds and reactions. Structures. Solution complexes. Reaction mechanisms. Preparation 
_ application of stable and radioactive isotopes, including the fission products. The actinide 
elements. 

3 volumes perannum. = Subscriptions: Rate A. $17 .00 per volume Rate B. $15.00 per annum 


GEOCHIMICA ET COSMOCHIMICA ACTA CHEMICAL ENGINEERING SCIENCE 


United States Editors: EARL INGERSON,' Washi: 
, Washington, DC., United States Editors: NIEL R. AMUNDSON, Minneapolis, 


H. C. UREY, Chicago, JOHN VERHOOGEN, Berkeley ; 
Other countries are represented by 7 regional editors B. F. DODGE, New Haven, R. W. SOUTHWORTH, New Haven 


Assisted by an International Editorial Advisory Board. 

This journal is devoted to original research papers in geochemistry 
and cosmochemistry, written by scientists of all countries. The 
subjects fall into the borderlands between chemistry, geology, 
physics and astronomy. Thus scientists interested in these diverse 


Other countries are represented by 12 regional editors 
Assisted by an International Editorial Advisory Board. 


This journal contains original research papers by contributors in the 


and diverging fields may see in one journal inter-related papers on U.K. and abroad. It treats not only the basic operations of chemical 
the mineralogy, aphy, chem- engineering but also the theoretical principles which rule them. Ie is, 
susie. ron ee therefore, of interest to chemical engineers, physical chemists, and the 


chemical industry. 


3 volumes per annum. Subscriptions: Rate A. $17 .00 per volume 
Rate B. $21.50 per annum : 

Members of the Geochemical Society*or non-members who occasionally publish 3 volumes per annum. Subscriptions: Rate A $17 .00 per volume 

in the Journal, $10.00 per annum. Rate B $15.00 per annum 


TETRAHEDRON The International Journal of Organic Chemistry 
Edited by an International Honorary Editorial Advisory Board under the co-chairmanship of Sir ROBERT 
ROBINSON and R. B. WOODWARD. 

Tetrahedron covers all aspects of organic chemistry, whether theoretical or practical, analytical 
or synthetic, physical or biological, including papers on applied chemistry which have a pure 
organic chemical content. The journal publishes original memoirs, preliminary communications 


and notes. 
Published monthly. Subscriptions: Rate A. $17.00 per volume Rate B. $15.00 per annum 
PERGAMON PRESS, INC. 
122 East 55th Street, New York 22, N. Y. New York London Paris Los Angeles 
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NATIONAL LEAD COMPARY of Ohio 


has urgent need for qualified technical personnel. 
As contract operator for the Atomic Energy Com- 
mission, the National Lead Company of Ohio oper- 
ates the Feed Materials Production Center near 
Technical activities at the project 
involve plant assistance, process development, and 
process improvement aimed at more economical 
production of uranium fuel elements for use in 
nuclear reactors. 


Cincinnati, Ohio. 


@ ANALYTICAL DEVELOPMENT 
Ph.D. degree or 


CHEMIST 


equivalent 


Background should include experience in instrumental analysis 
with emphasis on flame photometry, polarography, coulometry 
Ability to write technical reports is necessary. 


and related fields. 


@ RADIOCHEMIST 


M.S. degree or its equivalent, with a background in radiochem- 
istry. Position requires ability and desire to organize and super- 


vise radiochemical programs. 


activity measurements and tracer work. 
Please send resume of education, experience, and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-110, 


FEED MATERIALS PRODUCTION CENTER 


Work will consist of varied radio- 


P. O. Box 158, Mt. Healthy Station, Cincinnati 31, Ohio 


NALGON FLEXIBLE PLASTIC 


TUBING 


PROPERTIES: lasting flexibility... 


by NALGE 


water-clear transparency . . . excellent dimensional stability 


high chemical resistance. 


DATA: 40 different sizes from 4” ID 
to 2” ID. Economical ... the 44” ID costs 
less than 15¢ per foot. 


All Nalgon tubing bears the brand name 


WORLD'S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 


1 D % ” % ” 
WALL Me” 


* your 
dealer for 
catalog 
G-358 


PRODUCT 


PER C. FT. $6.30 $14.30 


$23.10 $63.00 $81.00 


is not too much to say that the past, the 
present state, and the future of chemo- 
therapy have not been scrutinized more 
intelligently since Paul Ehrlich wrote some 
of his timeless observations in this field. 
While many symposia only review the 
published literature, the present book 
carefully analyzes and weighs each ad- 
vance and failure, and makes bold, clear, 
and workable suggestions for future re- 
searches. Every medical scientist should 
read the chapters by D. D. Woods and R. 
G. Tucker (The Relation of Strategy to 
Tactics: Some General Biochemical Princi- 
ples), J. T. Park (Inhibition of Bacterial 
Cell Wall Synthesis in Chemotherapy), P. 
Mitchell (Membrane Penetration and the 
Therapeutic Value of Chemicals), and 
D. W. Woolley (The Design of Antime- 
tabolites). These and some of the other 
articles show artists in medical science at 
work and reveal their methods, thoughts, 
and hopes for the future. 

In a symposium with so many contri- ,. 
butions, there are bound to be errors and 
transgressions from conservative standards. 
of scientific publication. But one cannot 
glimpse the future and remain conservative. 
atthesametime. The critical reader may 
be embarrassed by the unorthodox 
thoughts of some predictions, by the 
self-centeredness of Woolley’s chapter, or 
by the apologetic defense of unplanned, 
random chemotherapy through the never- 
the-less superbly successful antibiotic ap- 
proach. But these passing thoughts will 
be swept away by the impression of the 
whole symposium, which explains the 
status and expanding future of drug science- 
as it has seldom been done before in a 
critical manner. 


ALFRED BURGER 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


CRYSTAL STRUCTURES. CHAPTERS 
11 AND 12 


Ralph W. G. Wyckoff, Laboratory of 
Physical Biology, National Institute of 
Arthritis and Metabolic Diseases, Bethesda, 
Maryland. Interscience Publishers, Inc.., 
New York, 1957. 19.5 xX 24.5 cm. 
(With Supplement III) 


Wir the publication of the above 
data, Dr. Wyckoff continues his mon- 
umental task of preparing a classified 
directory of crystal structures. The fiv: 
volumes of Crystal Structures (to which: 
two new chapters are now being added). 
contain descriptions of the structure anc 
organization of atoms and molecules in 
crystals. These descriptions summariz¢ 
the results of X-ray diffraction studies on 
single crystals and contain drawings 0! 
the molecular packing which have beer 
prepared for these volumes. 

The material is presented in loose lea! 
form so that these additions may easily b« 
inserted into their proper locations in th« 
existing volumes. Each chapter is di 


(Continued on page A622) 
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RGER: 


For photographing automatically, under 
a microscope, any material that has a 
time change in structure. 


NEWEST 
Developments 
In 

TIME LAPSE 
PHOTOGRAPHY 
EQUIPMENT 


Still photographs are made on motion picture film at 
relatively long time intervals then projected at standard 
speed. Changes that represent hours at a normal rate are 
then viewed in minutes, picturing clearly the effects of 
time, temperature and environment on the material. 
Ideal for showing plant growth, corrosion studies, tissue 
cultures, blood samples, bacteria, metals, minerals, 
waxes, and crystalline formations. 


All components for a complete time lapse unit can be 
mounted on stand assembly. This includes camera, 
microscope and incubator, illuminator, and timer. Dual 
drive control unit operates two cameras and associated 
equipment on two stand assemblies. 


Special brochure #EM-1 gives complete data and prices. 
Write now for your copy. 


Stand Assembly 


aloe sCie Ntif i C Division of A. Aloe Company 
5655 Kingsbury, St. Lovis 12, Mo. 


FULLY STOCKED DIVISIONS COAST-TO-COAST 


a new Fieser text— 


BASIC ORGANIC CHEMISTRY-—another addi- 
tion to the fine line of organic texts by Louis and 
Mary Fieser. Basic Organic Chemistry provides 
a different approach to the study of organic chem- 
istry—an approach that is achieved primarily 
through organization of material. The subject is 
treated by topics, rather than by compound types 


—a treatment that achieves unification and brief- 
ness. The authors introduce theory and apply it 
é a in a way that fixes the theory firmly in the minds 


of the students. The objective of the text is to 


present the basic facts and theories of modern or- 
ganic chemistry in an easily assimilable form and 
in a limited number of pages—this is not watered 
down chemistry, but solid organic chemistry 
adapted for a short course. Watch for this new 
text—it’s coming next month. 


D.C. HEATH AND COMPANY 
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MOST 
EXACTING LABORATORY 
SPECIFICATIONS 


ARE MET BY @® 


VITREOSIL 


FUSED QUARTZ 


TUBING 


VITREOSIL tubing is supplied sand- 
surface, glazed or satin-surfaced and 
transparent in aii normal lengths and 
diameters. Useful up to 1000” C. and 
under extreme thermal shock. Pos- 
sesses both chemical and catalytic 
inertness. Homogenous, transoarent, 
free from chemical impurity—the trans- 
Parent grade offers the best ultra- 
violet transmission. 


CRUCIBLES © RETORTS @ MUFFLES 
DISHES e TANKS @ POTS e TRAYS 


Crucibles made of VITREOSIL guard 
the real purity of your compounds. 
They are non-absorbent, non-catalytic, 
non-porous; can be wire-wound for elec- 
trical heating; are immune to extreme 
electrical, chemical and thermal con- 
ditions. Available in transparent, glazed 
or unglazed styles. VITREOSIL Dishes 
are ideal for concentrations, evapora- 
tions, crystallizing acid solutions. All 
sizes and types. Trays and other 
VITREOSIL ware in many sizes from 
— or prompt delivery of special 
sizes. 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 
GRADED SEALS 


Corrosion-resistant VITREOSIL equip- 
ment is impervious to all organic and 
inorganic chemicals even at very high 
temperatures, regardless of concentra- 
tions, except strong caustics and hy- 
drofluoric acid. Outstanding electrical 
and high temperature properties, 
strength, impermeability. In stock sizes 
for immediate shipment. Custom items 
to order. Write for our information 
bulletins and prices on wanted items. 
= Bg ad in Chemical Engineering 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey 
Please send illustrated bulletin or informa- 
tion on_ 


Name. 

Street 


Title. 
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Recent Sooke 


vided into four parts (text, tables, illustra- 
tions, and bibliography), and material 
relevant to any structure must be sought 
in each of these parts. This division of 
material is unfortunate, since it consid- 
erably complicates the task of acquir- 
ing information concerning specific crys- 
tal structures. 

Chapters 11 and 12 contain descriptions 
of miscellaneous inorganic compounds 
and of the silicates respectively. The 
inorganic crystals are classified into 
complex and basic halides, thio salts, 
complex sulfides, complex oxides, and 
miscellaneous compounds. The classi- 
fication followed with the silicates is the 
conventional one, i.e., into isolated 
silicate groups, silicate chains and sheets, 
and silicate nets. Crystal structures 
presented include those determined up to 
1955. The illustrations are not included 
with these two chapters although they 
are present in the supplements to previous 
chapters. 

The material described above forms a 
netessary addition to the existing volumes 
of “Crystal Structures.”” The volumes 
themselves are of value as_ reference 
material, since they represent the only 
comprehensive attempt to classify the 
available crystallographic data. 


DAVID R. DAVIES 
InstTiTUTE OF HEALTH 
Betuespa, MARYLAND 


TRACE ANALYSIS 


Edited by John H. Yoe, Professor of 
Chemistry, University of Virginia, and 
Henry L. Koch, Jr., Sloan-Kettering In- 
stitute for Cancer Research. John Wiley 
& Sons, Inc., New York, 1957. xiii + 
672 pp. 15.5 X 23.5cm. $12. 


Tuis book is a compilation of the papers 
and discussions presented at the Sympos- 
ium on Trace Analysis held at the New 
York Academy of Medicine in the fall of 
1955. This symposium was sponsored 
jointly by the Rockefeller Foundation and 
the Sloan-Kettering Institute. The pur- 
pose of the symposium was “to bring to- 
gether for comparison and discussion 
authorities in the various scientific dis- 
ciplines which are related to the analysis 
of trace constituents in industrial, agricul- 
tural; biological, and medical fields.” 

The text is divided into three parts. 
Part I, Methodology, consists of 20 chap- 
ters; Part II, Instrumentation, 2 chap- 
ters; and Part III, Sensitivity, Separation, 
Concentration, and Contamination, 2 
chapters. Each chapter is introduced by 
an abstract which is concise and well 
written. All but a few chapters (papers) 
have as their conclusion the results of a 
discussion and question and answer session. 
In every case the authors and discussion 
leaders do an excellent job of handling 
each individual topic. References, fig- 
ures, and tables are adequate. 

As is usual in books of this kind, there 
is a lack of continuity between successive 


chapters. For this reason the reviewe 
regrets that a more complete subjec 
index has not been given. Representativ: 
chapters are as follows: Ion Exchang: 
Spot Tests, Colorimetry, Amperometry 
Mass Spectroscopy, Instrumentation, an: 
Separation, Concentration, and Con. 
tamination. At best each paper present: 
a quick survey of a field and its curren: 
status. Herein lies the value of the boo! 
in that in one volume the reader can find : 
brief introduction to many technique- 
whose principles can be applied to th 
determination of trace amounts of mam 
constituents. 


JAMES M. PAPPENHAGEN 
Kenyon COLLEGE 
Gambier, OnIO 


THE PENTAERYTHRITOLS 


Evelyn Berlow, Robert H. Barth, and 
John E. Snow, Research Department, 
Heyden Newport Chemical Corp., Gar- 
field, New Jersey. Reinhold Publishing 
Corp., New York, 1958. viii + 317 pp. 
16 X 23.5cm. $10. 


EveE.yn Berlow has compiled almost all 
of the worthwhile references en penta- 
erythritol and its derivatives in this A.C.S. 
monograph. Those conducting research 
in this field can save themselves many 
hours of literature searching by using the 
book. The peculiar spirocylic compounds 
prepared from pentaerythritol interme- 
diates shculd be intriguing to those en- 
gaged in organic structure work. 

The compendium will be more useful to 
those engaged in basic research than for 
applied researchers. Page 2 reveals that 
95% of all the pentaerythritol produced is 
used for coating resins; yet only 10% of 
the pages are used for discussion of such 
resins, and only 2.5% cover the most 
important alkyd resins. No doubt this is 
justified on the basis that the book is a 
review of chemistry rather than applied 
arts. Nevertheless, it is regrettable that 
such editing should have excluded such 
important references as PB 52858, PB 
58269, and BIOS Survey No. 22 which 
give actual industrial resin formulations. 
Patent literature and raw material sup- 
plier’s recommendations which comprise 
most of the references are sometimes 
unreliable. 

On the other hand throughout much of 


_the rest of the book a more critical editing 


policy would have strengthened it. Sub- 
stantially all of the important literature is 
abstracted, but often it is simply thrown 
on the page to let the uninformed reade: 
flounder in the morass. For example, th: 
authors devote most of page 5 to discus- 
sing the mechanism of dipentaerythrito! 
formation via the hypothetical acrolei: 
intermediate, when reference to their ow: 
work shows such a mechanism to b 
clearly untenable. 

On the whole, this monograph is to b: 
recommended to the specialists interestec 
in pentaerythritol which has grown to b: 
one of our most important industria 
aliphatic compounds. 


H. BURREL' 
INTERCHEMICAL CORPORATION 
Cincinnati, On10 
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—=RONALD Goce... 


ESSENTIALS of 
| QUANTITATIVE ANALYSIS 


An Introduction to the Basic Unit Operations 
A. A. BENEDETTI-PICHLER, Queens College 


This well-organized textbook and laboratory manual 

deals in a thorough and systematic manner with the funda- 

mentals of observation and measuring. ncentrating on 

principles and practical procedures applicable to both 

organic and inorganic analysis, it includes specific numeri- 

cal data on the degree of precision of many unit operations, 
and supplies equations by which limits of error can be 
calculated for almost any quantitative operation. The 
book is also a convenient and reliable source of informa- 
tion for the calibration of weights. 


Throughout, the book emphasizes manipulative tech- 
niques, use of equipment, and comprehension of unit 
operations. It shows how the most complicated-appearing 
procedures consist of only a series of simple unit operations 
requiring no more than moderate dexterity plus an under- 
standing of their purposes and underlying principles. The 

concepts of accuracy and precision are brought alive for 
| the student by consistent application throughout the 
course of study. Much important new information, un- 
available elsewhere in the chemical literature, is included. 


© “A wonderful text and reference which every chemistry 

major should have in his library... . He will use it long after 

he graduates.” —H. D. Rhodes, University of Arizona. 

@ “will take the newcomer further on the road to becoming 

a oo analytical chemist than any other work of com- 
able 


size known to the reviewer.’’-—Cecil L. Wilson in 
HE CHEMICAL AGE, 
138 ills., tables; 666 pp. 


The WORLD of ATOMS 


An Introduction to Physical Science 
J. J. G. McCUE, formerly Smith College; 
with the assistance of KENNETH W. SHERK, Smith College 


An textbook—designed for college courses in 

hysical science—offering a comprehensive introduction 
Poth to scientific method and atomic science. Throughout, 
this volume depicts science as an engrossing human activ- 
ity by showing how the scientist goes about his work. It 
focuses on atomic science as a coherent branch of study— 
combining both physics and chemistry—and describes the 
chain of experiments and developing concepts that have 
led to our present theories. 


This is the first textbook to explain each scientific con- 
cept with a demonstrable experiment—in this way the 
teaching basis is always inductive. Simple mathematics 
based on the principle of proportionality alone, is used 
throughout. Each chapter is organized to form a daily 
assignment. Book includes numerous carefully graded 
exercises. 


e@ “skillfully writien; the ingenious arrangement of sub- 
ject material makes it applicable to any of the introduct 
courses in the physical sciences.’—JOURNAL OF T 
FRANKLIN INSTITUTE. 


@ “.. the best book on the presentation of the physical sciences 

to non-science majors that I have seen. Professor McCue has 

done an outstanding piece of research in correlating the 

a sciences. He is logical, consistent, and thorough.” 
rank P. Cassaretto, Loyola University. 


284 ills., tables; 659 pp. 


THE RONALD PRESS COMPANY 
———15 East 26th Street, New York 10 
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NEW waco 
LO-TEMP BATHS 


Controlied Cooling and Heating 
Minus 10° C to Plus 65° C 


@ WIDE RANGE Visibility bath with BOTH mechanical 
refrigeration and heating! Provides constant temper- 
ature from Minus 10° C to Plus 65° C using 10” of liquid 
in a 12” uninsulated pyrex jar. Using less liquid Minus 
20° C is obtainable. 


@ SENSITIVITY Mercury thermoregulator and a 
WACO Thyratrontube Relay controls operation of the 
compressor and heating unit within plus or minus .01° C. 


ALREADY USED FOR —Viscosity vapor pressure and other physical 
data determination, organic synthesis, ASTM petroleum tests, 
etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 
photometers, refractometers, distillation condensers. 


NO. JC882 WACO LO-TEMP REFRIGERATED BATH 
with Pyrex jar 12” diameter. For 115 volt 50/60 cycle 


NO. JC884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10” 
deep. Range MINUS 35° C to PLUS 50° C. Three- 
wall insulated construction................... $955 .00 


@ Other sizes and many accessories available to fit your 
needs. Please write for WACO BATH BULLETIN JC-12 
for complete information. 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST.,.CHICAGO 51, ILLINOIS 
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MECHANICAL HAND 


Apparatus Clamp 


An apparatus clamp that always provides convenience 
and positive grasping power. ONE STYLE and 2 
SIZES meet every clamping requirement, The NYLAB 
Mechanical Hand can firmly grasp, with equal effi- 
ciency, any object from a thin wire to @ condenser or 
flask. Adapts to and holds all conventional shapes. 


Bird’s-eye-view showing the exclusive swivel feature of 
Mechanical Hand .... A new type of V-Block mounting 
provides complete angular adjustability . . . . Flip-over 
clamping arm (one side for small objects—the other side 
for large objects) adjusts for apparatus up to 3%” 
maximum diameter. 


Constructed of a strong, corrosion resistant aluminum alloy 
with small parts of stainless steel. 

Small size Large size 

Range: 0 to 24%,” Range: 0 to 34%,” 
Catalog No. 22990-6 Catalog No. 22990-10 
$4.25 $4.75 


Write for further detailed information. 


> 
New York Laboratory Supply Co., Inc. 


76-78 VARICK STREET NEW YORK 13,N_.Y 


We recommend... 


ERITEs: 


Sv: 


SS 


Versatile Desiccant”’ 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


ft. 


SS 


a 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 
Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for our new 100-page booklet: 
“‘DRIERITE AND ITS APPLICATIONS” 


W. A. Hammond Drierite Company 


120 Dayton Avenue, Xenia, Ohio 
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17s. NITROGEN CHEMISTRY 


(Continued) 


C. FIXATION OF NITROGEN 


17-15s Arc process. A brief resumé of many devices will suffice. 
Usually an arc is struck in a stream of air, forming brown 
NO, which is visible; or the gas is then passed into water, 
forming HNO; which may be identified by starch-iodide 
or phenolphthalein, or the nitrate-ring test. 

Dem. 17-10 is about as simple and direct as any of the 
numerous devices. Kitey, M. M., 7, 2167 (1930) used 
an induction coil from an old X-ray tube. Simmer, D. M., 
and Brock, M. G., 7, 2167 (1930) used a spark plug 
for the arc. WutuiaMs, H. R., 8, 462 (1931) sucked air 
through a plaster-of-Paris bulb in which an arc was 
struck using Cu electrodes attached to a Ford coil; the 
gas was passed into water. The resultant HNO; was 
neutralized with CaCO; and the Ca(NO;)2 used as fer- 
tilizer to accelerate the growth of corn. Doane, H. C., 
9, 1113 (1932) used 15,000 volts from a neon-tube trans- 
former, and brass rods in a Woulff bottle. Oxsson, H. L., 
9, 1829 (1932) used an elaborate apparatus, see diagram; 
the arc was kept cool by operating at minute intervals. 
Turessen, G. W., 10, 498 (1933) used an apparatus like 
Dem. 17-10. Rem, R. D., 10, 512 (1933) used a three- 
neck Woulff bottle; a bicycle pump in one neck com- 
pressed the air to accelerate formation of NO.. ARTHUR, 
P. and Kina, C. V., 10, 748 (1933) used 110 volts d.c 
through an electric heater-coil producing a very hot spark 
between iron rods; air was drawn past the rods. Zur- 
FANTI, S., 14, 73 (1937), blew air through a glass Y-tube 
carrying Cu wires from an induction coil. UNDERWoop, 
J. B., 18, 446 (1941) interposed a sheet of litmus paper 
between two upright window panes, with a spark jumping 
the gap in a copper-wire ring held by glass tubing just in 
front of the paper. 

17-16s Ostwald process. A number of variations are given; the 
simplest is a recent suggestion by State, H. W., 34, A375 
(1957) of using Dem. 17-11, without bothering to lead in 
O.; the NH; and air react on Pt directly. Variations fol- 
low. (a) Hazienurst, T. H., Jr., 10, 639 (1933) used a 
3-neck balloon flask, led O. and NH; into one neck, Pt- 
wire spiral catalyst heated by 110 volt line in second neck, 
and withdrew NO from the third neck. CARE: EX- 
PLOSIONS, see article for details. Haut, A., 11, 575 
(1934) passed O. + NH; through a strongly-heated brass 
pipe, CuO acting as catalyst; but Jounson, L. D., 16, 
594 (1939) reports that this method gives side reactions, 
with explosions in the tube, and formation of bluish-green 
compounds. NEaty, D., 12, 347 (1935), from Sch. Sci. 
Rev., 16, 410 (1935), drew air over 1.1 of 88% NH;:H:0, 
then through platinized asbestos, then into litmus-aq.; 
color change occurs in a few minutes. Fromm, F., 19, 
230 (1942) used 1 vol. NH; + 2 vols. air over platinized 
asbestos or gauze at 400°C. Hausen, 8. 8., and Srecet, 
R. S., 20, 166 (1943) passed NH; + dry air over heated 
platinized asbestos. Later, 25, 259 (1948), they modified 
the apparatus by substituting broken unglazed porcelain 
for Pt-catalyst support, drew air over 1:1 NH,OH solu- 
tion, and at the conclusion drew air through strongly 
heated catalyst to desorb gases and re-activate the 
catalyst. Bayitss, N.S., 20,510 (1943) used Dem. 17-11 
with a Pt wire helix. See oxidation of NH; and other 
nitrogen chemistry demonstrations in Wa1zgs, R. B., 11, 
188 (1934), abstracted from Pop. Scr. Mo., 122, 48 (1933), 
and 123, 50 (1933).) 


17-17s From air + Al-amalgam. Rub an Al rod with Hg: 
oxidized rapidly to form Al,O;; nitrates and nitrites also 


form, and can be detected. 
(1942).) 


D. OXIDES OF NITROGEN 


17-18s Nitrous oxide, NO. Warm sulfamic acid-aq. + an 
equivalent of conc. HNO;: a smooth flow of N:O bubbles 
form from NOSO.NH: + HONO, — H,SO, + + N,O. 
See article for many other properties and uses of sulfamic 
acid. (Capp, L. B., 20, 189 (1943).) 

17-19s Nitric oxide, NO. From a dozen methods tabulated in 
the article for preparing NO, the authors recommend 
52 g. FeSO,.7H.O + 25 g. NaNOe, at room temperature: 
evolution of NO is hastened by adding H,O, slowed by 
chilling in ice. (SuRYARAMAN, M. G., and ViswaNna- 
THAN, A., 26, 594 (1949).) 


E. NITRATES AND NITRITES 


17-20s Analysis for nitrate. See Dem. 17-15, ring test. Pour 
a nitrate-aq. down a large test tube, leaving a streak; 
pour diphenyl amine in H,SO, upon the streak: a blue 
streak indicates nitrates. (Stronsg, C. H., 20, 200 (1943).) 

17-21s Analysis for nitrite. Mix 10 ml. of 0.02M sulfamic acid 
+ an unknown sample of NaNO, so that 25 ml. liberates 
less than 45 ml. of Ne: measure volume of N: in a eudi- 
ometer. HSO;NH: + NaNO. N, + NaSHO, + H,0O. 
(BrasTeEp, R. C., 23, 320 (1946).) 

17-22: See article for experiments with nitrites: preparation, 
test for, nitrites in water supply, ammonium nitrate, 
amy] nitrite; preperation of chrysoidine, bismark brown, 
and fast green. (Stone, C. H., 23, 196 (1946).) 

17-22s Fast Red Dye by diazotization. Stir cold sodium naph- 
thionate + NaNO. + HCl, and pour into alkaline beta- 
naphthol: Fast Red Dye is produced. Dip a skein of 
wet-out wool into the dye acidified with acetic acid. 
(Stonz, C. H., 20, 200 (1943).) 

17-24s Fireproofing. Wash cloth in ammonium sulfamate, dry, 
attempt to light with match: is fireproof. (Srone, C. H., 
20, 200 (1943).) 


Oxidizing Properties of Nitrates 

17-25s With splint. Drop a lighted splint (CARE, REMOVE 
BURNER) into molten sodium nitrate: vigorous reaction 
occurs. (Stone, C. H., 20, 200 (1943).) 

17-26s With Zn. Mix 9 g. NH,NO; + 2 parts NH,Cl; cover 
with powdered Zu; add a drop of water: white smoke. 
(Meyer, M.., 6, 976 (1929), and Raxestraw, N. W., 6, 
1882 (1929); also Dem. 17-19.) 

17-27s With H.S. Hold the delivery tube from an H.S generator 
under an egg-size lump of glass wool soaked in fuming 
HNO;: DANGER; IGNITES, vigorous action, fire. 
(Watton, J. H., 8, 303 (1931).) 

17-28s Model industrial nitrator. See diagram of 9” working 
model. (Dennis, 8. C., 7, 434 (1930).) 

17-29s HNO, oxidizing power. (a) Place 10 ml. conc. HNO; in 
beakers 1 and 2: yellowish color due to NO. (b) Adda 
0.5 g. crystal of sulfate-free sulfamic acid: decolorizes in 
30 seconds from HNO. + HSO;NH: — N: + HSO, + 
H,O (Dem. 17-21s). (c) Run half of beaker 1 into starch- 
iodide-aq. in beaker 3; and run an equal volume from 
beaker 2 into starch-iodide-aq. in beaker 4: blue forms 
instantly in 3, slowly in 4, showing catalytic effect of 
HNO,. Confirm by adding crystal of NaNO, to 4: 
colors at once. (d) Drop crystals of KI into beakers 1 
and 2: vigorous reaction, I, liberated, showing conc. 
acid even in the absence of HNO, oxidized iodide ion to 
I. (e) Decolorize HNO; by boiling, or adding urea, 
(Brastep, R. C., 28, 442 (1951).) 


(Pozzi-Escor, E. 22, 80 
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18s. THE PHOSPHORUS 
FAMILY 


A. MEMBERS P, As, Sb, Bi 


B. PHOSPHORUS 


Preparation 


18-1s See articles for details for laboratory preparation of P 

from heating (a) bone ash + sand + coal or (0) calcined 
bones + conc. H,SO, + C, giving 20% theoretical yield. 
KELLERMANN, K., 11, 430 (1934) from Z. phys. chem. 
Unterricht, 47, 17 (1934); and Locket, G. H., 13, 346 
(1935) from Sch. Sci. Rev. 17, 296 (1935).) 
Allotropic forms. Heat yellow P in a sealed tube in boil- 
ing diphenylamine (310°C.): red P forms. (BLANK, 
E. W., 10, 121 (1933) from Sch. Sci. & Math., 32, 757 
(1932).) 


Phosphorus Burning in Oxygen 


18-3s Vapor. Pass dry CO, over dry white P on a water bath: 
the P vaporizes and burns with a cool green flame. 
(ARENSON, 8. B. for CALDWELL, W. E., 18, 168 (1941).) 
Pin CS.. (a) Handling. Shake in a separatory funnel 
50 ml. CS. + 3 ml. H.O + small sticks of white P. Draw 
off the pure P in CS.; the oxides of P remain at the CS.- 
water interface. 8., 30, 305 (1953).) ALyBa: 
would be afraid of a leaky stopcock oozing the dangerous 
solution onto one’s hands. 

(b) Place (DANGER) a few drops of P in CS: on a news- 
paper and quickly fold it; later pick up the newspaper 
and read it: ‘Hot News Flashes.”” (ARENSON, S. B., for 
Turuwn, W. E., 17, 513 (1940).) 

(c) Moisten the wick of a candle with P in CSe. 
(CARE). (Forp, L. F., 18, 46 (1941).) 


Matches 


18-5s Self-ignition. (a) Coat splint with molten S and sugar, 
then with large amount of KCIO;. .HANDLE WITH 
CARE. Dip end into conc. H.SQ,: ignites, sometimes 
explosively. (Lamar, W. L., 6, 2011 (1929).) 

(b) Coat wick of candle with KCIO;; touch with white 
P: candle lights. (Lamar, W. L., 6, 2011 (1929).) 

(a) Gently (CARE, DO NOT GRIND) mix red P + 
KCIO; + glue; place on strip of a safety-match box; 
draw match-head along it: entire strip burns. (b) Repeat 
but paint only half the strip; strike match: only coated 
half of strip burns. Shows KCIO; is necessary for the 
ignition, and that K,Cr.0; + PbO, cannot be substituted 
for KC1O;; and that the temperature of ignition of red P 
+ air is insufficient to continue burning; red P + KCIO; 
is needed. (Srecet, R. S., 17, 515 (1940).) 

History of matches. (a) Phosphoric taper. Pin-head of 
white P + a waxed taper in a 6 mm. glass tube 4” long; 
warm momentarily to melt P around taper; make file 
scratch at end of tube furthest from the P. To use, break 
tube: P ignites, lights taper. 

(b) Phosphorus box. Vial of P previously momentarily 
ignited so as to coat walls with oxide; sulfur-tipped 
splints. To use, push 8 into P, remove from bottle: 
ignites. If not, rub on cork of the bottle. 

(c) Pyrophorus. (Homberg roasted alum + flour + 
sugar in a sealed tube. Hare heated Prussian blue to red 
heat and immediately sealed. Other patents described in 
article). 

(d) Instantaneous light box. Splints tipped with KCIO; 
+ sugar + gum arabic binder; dip into conc. H,SO, 
absorbed on asbestos fibres: ignites. 

(e) Hlectro-pneumatic lamp. He: stream on spongy Pt 
(Doebereiner’s lighter) or charged rosin. 

(f) Lueifers for friction lights (John Walker). Splints 
tipped with KCIO; + SbeS; + gum arabic; rub on sand- 
paper. Later they were S-tipped. (Crass, M. F., Jr., 
18, 116 (1941).) 


18-4s 


Phosphorus Binary Compounds 

18-8s Phosphine. (a) A 12 mm. tubing extending through a 
2-hole stopper nearly to bottom of a 2 oz. wide-mouth 
bottle; delivery tube through the other hole, leading to 
pan of water. Fill generator full of hot water, drop pieces 
of Ca;P2 into the 12 mm. tubing, and stopper: phosphine 
comes off and smoke rings ignite upon coming in contact 
with the air. After all Ca;P: has reacted, flush with cold 
water. (Fring, I., 8, 929 (1931).) 

(b) Cover lumps of Ca;P2 in a glass cylinder with an 
inverted glass funnel, cover completely with water: when 
the generated PH; reaches the surface it ignites, blowing 
vortex rings ceiling-ward. (TEerer, H. M., 10, 402 
(1933).) 

(c) One-liter flask, 2-hole stopper, tube (A) passes 

through one hole with an obliquely upward short arm, a 
gooseneck (B) at its free end. Fill flask and gooseneck 
with water, bubble-free: invert in water. Fill flask 
through (A) two-thirds full of phosphine (from white P + 
40% NaOH) by displacement of water, then quickly set 
flask upright: PH; is now trapped inside the flask. Pour 
water into (A): PH; ignites as it bubbles through goose- 
neck (B). Prepare within 3 hours of use. (DrmLuarp, 
C. R., 33, 137 (1956).) 
P with CuSO,. CAUTIOUSLY heat a tube containing 3 
em. stick of white P + 5 ml. of 5% CuSO,-aq. until the 
P melts; shake until the solution is decolorized: droplets 
of P, covered with shiny Cu;P2 forrn. Cool, filter, lay the 
paper on metal gauze: the precipitate does not fume like 
P, but does ignite spontaneously when dry. (KiINTTorF, 
W., 24, 609 (1947).) 


Phosphates 

18-10s Preparation of Disodium Hydrogen Phosphate. (a) Add 
5N NaOH to pale yellow to 15 g. 85% H;PO, + 60 ml. 
H.O + 2 drops Methyl orange: NaH2PO,; forms. (6) 
Now add a second volume of NaOH: NazHPO, forms. 
Evaporate to one-third volume, cool, stir, cool in ice- 
water, filter. (Warr, G. W., and Feusine, W. A., 15, 
543 (1938).) 

18-11s Bead tests. Soak filter paper in hot, sat. microcosmic 
salt-aq., dry, repeat until paper has salt crystals on 
surface. Add drop of unknown, char the paper at the 
edge of a Meker burner flame: a hand magnifier reveals 
phosphate beads. (Kipiincer, C. C., 18, 297 (1941).) 


C. ARSENIC, ANTIMONY, BISMUTH 


Arsenic 

18-12s Allotropy. See original article for preparing alpha and 
beta arsenic. (Buank, E. W., 9, 1999 (1932) from Sch. 
Sci. & Math., 32, 595 (1932).) 

18-13s Marsh Test. Attach an aquarium aerator stone to hy- 
drogen generator in Marsh Test to prevent flame striking 
back upon heating the AsH;. (Conway, W. J., 15, 243 
(1938).) Historical discussion of Marsh Test by Wes- 
sTER, S. H., 24, 487 (1947).) 


Antimony 
18-14s Amorphous Sb. See article for lengthy vreparation of 


metallic Sb from amorphous Sb. (Frapen, H. J., 28, 34 
(1951).) 


Bismuth 

18-15s Diamagnetism. Suddenly cool a mass of Bi: cryst!s 
form. Fasten a crystal to the end of a string, and six 
inches above fasten a broom-straw crosswise to act as 
pointer. Suspend the crystal between the poles of an 
Alnico magnet, and rotate the string: the Bi crystal 
persists in remaining directly across the magnetic field. 
(Taytor, E. A., 27, 457 (1950).) 

18-16s Spot test. Dry a spot of 6-tertiary-butyl-3-methyl-phenol 
on filter paper; add a drop of test solution ctg. 0.005- 
0.1% Bi:. brown spot on drying for concentrations down 
to 2.5 u Bi. (Moss, A. J., 27, 383 (1950).) 


(Topic 19s. will start in January issue) 
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Types of Graphic 
Representation 
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Periodic System of 
Chemical Elements 


A bibliography of articles about 
periodic table and a classification of 
types of the tables. 158 pages, 95 
figures, and a separate colored table. 


Published by author, P. O. Box No. 183, 
La Grange, Illinois, 1957, $2.50. 


“It certainly is the most complete survey 
of the range of human imagination in 
representing graphically the Mendeleev 
periodic law. This book by Mazurs is 
truly an important contribution to the 
teaching of chemistry and should be 
available in every scientific library.” 


J. Chem. Educ. 35, 415 (1958) 
Laurence S. Foster 
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CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book will be par- 
ti ularly welcome to those chemists 
and chemical engineers who are not 
ecnnected with some large firm or 
organization a qualified 
ti nslator. number of 
the free-lance nical translators 
a ailable do not have an elemen 
ki.owledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian .... . 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemis’ ha» to be 
reasonably intelligent, se ncvds 
only persistence and Chemical Rus- 
sian, Relf-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
experience in studying by them- 
— however, and should absorb 

great deal more knowledge in a 
of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. ge fe 
chapter entitled Suggestions for 
Study Methods. Here the approach 
te study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.” 
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INITIAL ELIMINATION 


OF VOLATILE 
IMPURITIES 


DISTILLED 
WATER OUTLET 


TO PRODUCE 


1. AUTOMATIC PREHEATING reduces fuel costs. In the 
counter-current condenser, the raw water is heated almost to 
boiling by the latent heat from the condensing vapors. Fuel is 
saved by replenishing the evaporator with this preheated water. 


2. CONSTANT LEVEL CONTROL provides for first vent- 
ing of volatile impurities. The Constant Level Control keeps 
water at a constant, safe level within the evaporator. Since the 
Constant Level Control is open to the atmosphere, the bulk 
of gaseous impurities is eliminated from the preheated raw 
water as it goes into the evaporator. 


3. HIGH VAPOR DISENGAGING SPACE protects 
against foaming, priming and splashing. Because of the 
ample space above the boiling water and the large diameter 
of Barnstead evaporators, vapor velocity is low. Vapors leave 
the boiling surface slowly. Moisture and impurities are not 
carried into the condenser. Entrainment is stopped at the start. 


PUREST DISTILLED WATER 


All Barnstead evaporators are made of copper and brass with 
surfaces contacted by the distillate coated with pure block 
tin to prevent metallic contamination. 


4. EFFICIENT BARNSTEAD BAFFLES are dish-shaped to 
prevent any splash from being carried over and contaminating 
the distillate. Hospital Stills have the famous Barnstead 
“Spanish Prison Q Baffle” especially designed to eliminate 
pyrogens. 


5. CONDENSER VENTING provides dual elimination 
of impurities . . . an exclusive Barnstead feature. In ordinary 
distillation, impurities in a gaseous state are sometimes con- 
tained in the final distillation. Not so with Barnstead. This 
second escape vent and the 10 degree incline of the Barnste:d 
condenser separates and expels any last traces of gaseous 
impurities. Thus, a DUAL elimination of volatile impuritis 
is accomplished. 


FOR QUICK REFERENCE POST THIS DIAGRAM ON WALL CONVENIENT TO YOUR BARNSTEAD STIL‘ 
STOCKED BY YOUR LABORATORY SUPPLY DEALER 


arnstead 65 Lanesville Terrace, 


STILL & STERILIZER CO. 


Boston 31, Mass. 
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ANNUAL INDEX—JOURNAL OF CHEMICAL EDUCATION 
VOLUME 35, 1958 


"he annual index for Volume 35 of the JouRNAL oF CHEMICAL 
Ep. CATION is divided into several parts. Authors are listed in 
thr e sections: authors of articles, books reviewed, and letters 
to ‘he editor. The subject index includes both subjects and 


titles to articles; the books reviewed are listed in a separate 
section. The principal subject entries are distinguished from titles 
by printing the former in italics. Portraits, including medals, are 
indicated by (P), letters to the editor by (L). 
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WELL, AND Emm J. Moriconi. A 
bench-scale preparation of thioacetam- 


Lionet R.— See KunnaArtT, WILLIAM 
E. 

OprENHUIZEN, 
Enno 

Overman, Raten T., Davin L. Correy, 
AND Lowett A. Muse. Radioisotope 
experiments in the ORINS summer 


IrENE—See WOtruHvIs, 


Parx, Barr. A statistical comparison of 
the gravimetric, Mohr, and Fajans 
methods for chloride................. 

Peart, Irwin A. Lignin as a raw material 
for the production of pure chemicals. . .. 

PrerpEMAN, A. F.—See Busvoert, J. M. 

Pertman, Evaine M.-—See Nor- 
BERT 

Perroccione, Joun F. A spot test for 

Puurs, J. P. The senses as indicators 
in volumetric analysis................ 

Premo, J. G. A simplified procedure for 
searching U.S. chemical patents...... . 

Principles of thermodynamic phase dia- 
grams. HeRMAN BIEBER AND ERNEST 

Puryear, Rusy L.—See IsenperG, Nor- 
BERT 


Qumu, Laurence L.— See Dutton, F. B. 

Qurintivan, Q. L. Development and serv- 
ice (in an industrial research organi- 


R, ant, Josepn—See Z1LkHA, ALBERT 
Rakestraw, Norris W. Chemical educa- 
tion—then and now................. 
Training in chemical oceanography ..... . 
Rimsey, James C., Jr. Grades of chemi- 


CLarENceE W. Tested demonstra- 
tion: Kinetic molecular theory and the 
movement of molecules and ions..... . . 

R:xepom, ANpers. The Analyst and the 
inconstant constants. ..............- 

Rocers, Lewis H. Report on photo- 

Rosz, Date E. Tested demonstration: 
Decomposition of a metallic picrate. . . . 

Rosen, Smney. High school science—look- 

ing backward... . 
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RoseENFIELD, James. Making lantern slides 
for immediate projection............. 
Rove, James P. Tested demonstration: 
Gibberellins and plant growth......... 
Rywanp, ApaL. X-ray diffraction......... 


SacutLesen, Rupour. Nobel prize winners 
descended from Liebig.......... 73, 
Sarranski, L. W.—See Dat Noaare, 8. 
Lewis S.—See Haeniscu, 
L. 
Sanperson, R. T. A schematic representa- 
Sanps, F. H. Tested demonstration: Silver 
Scueer, InvinG, AND AmEDEO F. D’Apamo, 
Jr. Anew addition apparatus........ 
Scrempr, Joun M.—-See Hayes, Joun R. 
ScHEvER, J. Chemical research in 


Scuiarin, Davip AND CHARLES B. KENAHAN. 
A copper coulometer for use with large 

Scumipt, WALTER A., AND NorMAN KHAR- 
Willett L. Hardin............. 

Scuoen, Hersert M. Chemistry and the 
West German education system....... 

Scuotes, Samuet R., Jr.—See Eppy, 
Rosert D. 

Scureiser, Kurt C. Notebook help in or- 

Scuuttz, Harry P. 


Scuwo.tow, Jean. Research project for 
general chemistry laboratory......... 
Sewarp, Raupn P.~—See Hayes, Joun R. 
Suane, Ropert 8S. Nuclear power plant 
core materials and fabrication. ..... .. 
Suaw, Etwoop R., anp Earve R. CALey. 
Camphor as a cryoscopic solvent....... 
SKOLNIK, HERMAN, AND JANE K. Hopkins. 
Simplified stoich tric formula in- 


W. H., anp Conrap V. Hartcn. 
General chemistry via television... .. . . 

Smirn, Norman O. Meaningful teaching of 
phase diagrams......... 

SNELL, CorneLia T.—See SNELL, Foster 
DEE 

SneLt, Foster Dee, anp Cornewia T. 
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472 


144 


418 


399 


94 


564 


416 
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150 
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Syndetsand surfactants...... 271 
Sparks, A.—See ISENBERG, NORBERT 
SPraLTER, LFoNaAnp—See HOLLANDER, JER- 

OME 
StanpeNn, AntTHOoNy. Le Chatelier, com- 

mon sense, and “‘metaphysies.”’. .. . . . . 132 
Strate, Harotp M. Tested demonstration: 

Stepman, D. F. Exact colorimetric pH 

456 
Srern, Ricwarp On the inflating of bal- 

Srevens, Leo J. The chemical and related 

literature of Australia and New Zea- 

The chemical and related literature of 

306 
Stewart, Georce H., anp Henry Eyrinea. 

The principle of minimum bending of 

Stock, Joun T. Separation of arsenic and 

copper in qualitative analysis. ........ 402 

AND Lucinpa M, Garcia. The colorimet- 

rie detection of arsenic as copper ar- 

Stone, Hosmer W. Seminars with audi- 

ence participation... 34 

Thought stimulation by demonstration 

Srrone, Laurence E., anp O. THEODOR 
Benrey. Chemical concepts and the 
college chemistry curriculum. . 164 

AND M. Kent WILson. Chemical bends: 
a central theme for high school chem- 

Srusss, Morris F. Geochemical problems 

557 


as student 
Sustuskey, Lee A. Molecular models 
with variable bond angles............ 


Swirt, E. H. Freshman chemistry labo- 
ratory at the California Institute of 


Tanxnenpaum, Srantey. A device for 
measuring vapor pressures. . 
Tuomas, Berwyn B. The 
chemical cellulose from wood. ‘ 
Tuompson, H. Braprorp. A 
Tuompson, Tuomas G. A short history of 
oceanography with emphasis on the 
role played by chemistry............. 
Tosey, SterHen W. The acid dissociation 
constant of methyl red. A spectro- 
photometric measurement.......... 
Vapor pressure apparatus. ............. 
Tosias, R. Stuart. The determination of 
stability constants of complex inor- 
ganic species in aqueous solutions..... . 
Tocner, Mas Hirscuman. The oxidation 
of propionic acid with chromic acid at 


Solution of 

Tucker, W. C., Jr. Apparatus for illus- 
trating Le Chatelier’s principle........ 


TrovuspaLe, Everetr A. 


Vanperryn, Jack. The teaching of chem- 
istry to nonmajors: a survey. 

VISWANATHAN, A., AND GrREESAN, 8. 
Tested demonstration: Preparation of a 
dense liquid............... 

Vocet, A. I., A. WATLING, AND J. Waruwe. 
The small scale preparation of azoben- 
zene and of hydrazobenzene 

Voip, Rosert D. Technical eduction ond 
development in an Indian environ- 

Voter, R. C. Instrumental analysis nt 
physical measurements. . . 

Vozza, Joun F. Products of the reaction 
between thioacetamide and mercury 


Wacconer, H. Textbook er- 
rors: guest column. The solubility 
product constants of the metallic sul- 


Wart .ine, A.—See Vocet, A. I. 

War ina, J.—See Voce, A. I. 

Warrers, James. Technical literature in 
the undergraduate curriculum. 

Weaver, EvsertC. Industry helps chem- 
istry teaching: Program of M.C.A..... 

Tested demonstration: Conductivity of 

Weeks, Mary Etvira. The con- 
tributions of William Allen. 

Weis, Norman D., anv Joun 8. 
An electron locator... 

West, Cuaries. Gibberellins and plant 

Westcort, Lrvonia B.— See BeEREND, 
B. 

Wuearton, R. M., anp R. E. ANDERSON. 
Industrial applications of ion ex- 

Wue, Epwrn O.—See Berenp, Joan B. 

Wiicox, H. E. Quantitative analysis 
(exam), Form N, Review of........... 

Witson, M. Kent. The Tufts approach... 

—See StronG, LAuRENCE E. 

WINNERMAN, ANNE—See 
R. P., Jr. 

Enno, Marityn VISSER, AND 
IRENE OprennvuizeN. Molecular 
weight determination by boiling-point 

Woops, W. A. Research and science teach- 
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Yaxusix, M. G. Functional groups by 
chemical methods (in an _ industrial 
research organization) 

Youne, Jay A., Ropert J. Zero. 
An amperometric-kinetic experiment 
emphasizing the importance of error 
treatment 


A.A.A.S. Cooperative Committee on Teach- 
ing of Science and Mathematics 

Acetic acid, glacial, Acidity measurements 
with indicators in. W. 


t of methyl red, 
(A spectrophotometric measure- 
ment.) StrerpHen W. Tosey 
Acidity measur ts with indi 
glacial acetic acid. OrLAanp W. Kot- 


A.C.8. Division of Ch 
See Division of Chemical Education 
Alkali earth metals. The zine group. 
Demonstration abstracts 
Alkali metals. The copper group. 
onstration abstracts... 
Allen, William, The ch 
of (P). Mary Weeks 
Aluminum, Chemical milling of, demonstra- 


Aluminum. The rare earth metals. 
onstration abstracts 

Amateur rocketry. James E. Boaas 

A i D tration abstracts 

Ammonium compounds in periodic groups 
five, six, and seven, Analogues of the. 


Amperometric-kinetic experiment empha- 
sizing the importance of error treat- 
ment. Jay A. YounG anp Rosert J. 


Analysis group in an industrial research 
Analysis of mercury(II) salts with thio- 
acetamide. Norsert ISENBERG, ET AL. 
Analysis, volumetric, The senses as indica- 
torsin. J. P. PHruips.. 
Analyst and the inconstant constants, The. 
AnpeErs RiInGBoM 
Analytical chemistry 
Acidity measurements 
Bicarbonate detection.................. 
Chromatography theory 
Colorimetric pH determination 
Comparison of methods for chloride... . . 
Conditional equilibrium constants 
Dissociation of methyl red (spectro- 
photometric) 
Editor’s outlook 
FDTA complexes 
Exact titration equation 
Freshman chemistry at Cal Tech 
Grades of chemicals 
Industrial research analysis (symposium) 
Introduction 
Development and Service 
Functional groups by chemical methods 
Electrical methods of analysis 
Analytical separations 
Infrared spectrophotometry 
X-ray diffraction 
Instrumenta] analysis and physical 
measurements 
Continuous analysis 
Infrared frequencies 


Zero, Ropert J.—See Youne, Jay A. 

ZitkHA, ALBERT, MicHAEX ALBECK, AND 
Max Frankev. Anionic polymeriza- 
tion of vinyl monomers 

ZILKHA, ALBERT, Nissim CALDERON, JOSEPH 
RaBani, AND MAX FRANKEL. Poly- 


SUBJECT INDEX 


Instrumentation 
Organic spectroscopy 
Qualitative analysis notes 
Sampling 
Spot tests for narcotics 
Titration error 
Unit operations in quant 
Analytical chemistry in oceanography. 
Dayton E. Carrirr.. 
Analytical separations. 8. Des 
AnD L. W. SAFRANSKI 


Anionic polymerization of vinyl monomers, 
a demonstration. ALBERT ZILKHA, 


MicHakt ALBECK, AND MAX FRANKEL 345 


Anions, Systematic detection of, through 
their parent elements. ALCIDES 
CALpDASs AND VICENTE GENTIL 

Apparatus 

Addition 

Boiling point 

Buret valve 

Continuous analysis 
Copper coulometer 
Dialysis tubing 
Differential thermal analysis 
Microreaction block 
Microtitrations 

Paper electrophoresis 
Separatory funnel......... 
Vapor pressure 

Apparatus for illustrating Le Chatelier’s 
principle. W.C. Tucker, Jr 

Apparatus for semimicro low temperature 
crystallizations. Aaron L. BLUHM... 

Aqueous solutions, The determination of 
stability tants of plex inorganic 
species in. R. Srvuart Tosras 

Arsenic as copper arsenide, The colori- 
metric detection of. Joun T. Srock 
AnD LucinpA M. Garcia 

Atmospheric pressure. Demonstration ab- 


Atomic orbital board for student study. 
B. Cook 

Atomic structure. Radioactivity. 
onstration abstract 

Atomistic notions in young children and 
young cultures. R.A. Horne 

Australia and New Zealand, The 
and related literature of. 
Srevens 

Autocatalysis, demonstration 

Avogadro's b Esti 
CARROLL Kine a AND E. K. NEIsen. 

Award: Precision Scientific Cumpany 
award in petroleum chemistry 

Azob and hydrazob The small 
scale preparation of. A. I. Voget, A. 
WATLING, J. WATLING 


Baxance instruction by television. Joun 
R. Hayes, Joun M. Scuempr, anp 
Joserpu A. MurRNIN 

Balloons, Inflating of. F.E. Connon anp 
FryD 


A311, A363 


merization of ethylene at atmospheric 
pressure, a demonstration 

Zutty, N. L., anp H. F. HeRBRANDSON. 
A convenient calorimeter heater for 
corrosive nonaqueous solutions... . 


Balloons, On the inflating of. Ricnarp 
S. Srern.. 
Beguin, Jean, of 
copies of. Mert Gorman 
Belgium, The chemical and related litera- 
ture of. Kurt GInGoLp.. 
Bench-scale preparation of 
A. F. O'Connor, ET AL.... 
Benzene ring, Substituent effect on the, a 
demonstration. Frank L. LAmMBerr. 
Biochemistry 
Biology and chemistry................. 
Chemistry of taste 
Chemistry of wood 
Dialysis tubing 
Enzyme reaction experiment 
Gibberellins 
Lignin 
Paper electrophoresis apparatus... . . 
Photosynthesis. . 


Plant growth . A535 


Spot tests for narcotics 

Structure and biological activity.... . 
Biography 

Allen, William (P) 

Ehrlich, Paul (P) 

Emich Friedrich (P) 

Feigl, Fritz (P) 

Griess, Peter (P) 

Hardin, Willett L. (P) 

Kekulé 


Pregl, Fritz (P) 
Von Welsbach, Carl Auer (P)..... 
Biological activity, Chemical structure and. 
ALFRED BURGER 
Biology and _ chemistry. Joun 


Boiling point apparatus, A. Prrer G. 


Boiling-point ele ition, Molecular ere 
determination by. Enno Wo travis, 
MARILYN VISSER, AND IRENE OpPEN- 


Bond, metal-carbon, in metal alkyls. Couin 
T. Mortimer 

Book exhibit catalogue.................- 

Borax, The solubility curve of: a student 
laboratory experiment. Roxpert D. 


Bromide and iodide ions, The use of N- 
chlorosuccinimide for identification of. 
RoBertT Fiver. . 

Bromine, The of acety- 
lenes and olefins toward. RaAtpu 
DANIELS AND LupwiG BAUER 

Brown experiment in chemical education, 
The. Leauuyn B. Cuapp.......... 

Brown, Frank E., (P) 

Buffer action demonstration. . / 

Buoyancy, density, 
stration 

Buret valve, non-clogging, 

- non-freezing. CRAYTON M. CRAWFORD 
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Capium, A spot test for. 
Calorimeter heater for corrosive nonaqueous 
solutions. N. L. Zurry ann H. F. 
Ca. phor as a cryoscopic solvent—historical 
ind critical notes. R. SHaw 
BR. Carer. 355 
Car! ohydrate chemistry, Ciphered formulas 
n. AtvaRo Dirini AND José DiFini 
Cari'on and its inorganic compounds. 
Demonstration abstracts....... A518, A549 
Car’ on dioxide. Demonstration abstracts. 4549 
Car! on dioxide, The reduction of. JEROME 
HOLLANDER AND LEONARD SPIALTER.. 446 
Car’ on monoxide. Demonstration abstracts A549 
Cas: of the eligible Emers, The. 
Caton analysis by ion exchange for the 
sourse in qualitative analysis. Joan 
B. Berenp, Livonra B. Westcort, 


anp Epwin O. Wua................ 68 
Cell for electrometric microtitrations. 
Victor C. GARBARINI AND SIDNEY 


Cellophane, Laboratory preparation of. 

517 
Cellulose, ch 1, The production of from 

wood. Berwyn B. THomas......... 493 
Cellulose tubing for dialysis, Studies on the 

use of. ArtTHUR W. Devor AND 

Chemical and related literature of Australia 

and New Zealand, The. Leo J. 

Chemical and related literature of Belgium, 

The. Kurt GINGOLD............... 619 
Chemical and related literature of the 

Near East, The. Leo J. Stevens.... 306 
Chemical aspects of physical oceanography. 

Joun LYMAN AND Rospert B. ABEL... 113 


Chemical bonds: a central theme for high 
school chemistry. 
SrronG anp M. Kent WIison....... 56 

Chemical concepts and the college chemistry 


curriculum. LAvuRENCE E. StTrone 
AND O. THEODOR BENFEY.. . 164 
Chemical contributions of William ‘piles, 
The. Mary Evvrra WEEKs......... 70 
Chemical education—then and now. Nor- 
ris W. RAKESTRAW...... 18 
Chemical engineering 
Sea water conversion.................. 221 
Teaching phase diagrams.............. 616 


Chemical geometry—application to salts. 
Tuomas R. P. Grass, Jr., ANNE 


Chemical literature 

Australian and New Zealand........... 566 
619 
353 
Symbols for polycyclies................ 235 
606 


Chemical polarograph, A. W.E.Harris.. 408 


Chemical research in Hawaii. Pavut J. 

Chemical structure and biological activity. 


C' emicals, Grades of. James C. RAMSEY, Jr. 558 
Chemisorbed molecules, Infrared spectra of. 


385 
Chemistry? Lammy Cox................ 263 
C.emistry and the West German education 

system. Hersert M. ScHoen....... 399 
Chemistry at Harvey Mudd College. J. A. 

Choosing a chemical keyboard for your 

typewriter. Mary Lov MarGrave 

AND JoHn L. MARGRAVE......... 
C romatography 

Analytical separations................. 14 


c ‘romatography, The random downstream 
migration of molecules in. J. Carvin 


Ciphered formulas in carbohydrate chem- 


istry. Aunvaro Drirint José 

197 
Clathrate, Quinol-H:S compound, demon- 


The stability of 
Georce B. Kavurr- 


Clock reaction, iodine, 
solutions for the. 


MAN AND CHARLES R. HALL.......... 577 
Closed circuit TV in the chemistry audi- 
torium. OskKaR GLEMSER............ 573 


Colorimetric detection of arsenic as copper 


arsenide, The. Joun T. Stock 

Lvompa M. 401 
Colorimetric pH determination, Exact. 


Comparison, statistical, of the gravimetric, 
Mohr, and Fajans methods for chloride. 
Bart 
Complex ‘EDTA enti a demon- 
stration lecture. M. B. Jounston, A. 
J. BARNARD, Jr., AND H. A. Frascuxa. 601 
Composition and structure of wood, The. 


ArTuurR B. ANDERSON............... 487 
Condensed norms: A.C.S. cooperative 
Conductivity of fused salts, demonstra- 
Continuous analysis. C. D. Lewis....... 87 
Convenient calorimeter heater for corrosive 
nonaqueous solutions, A. 
Zutty anp H. F. HERBRANDSON...... 260 
Coordinati ds, Inorganic, in 
general Srantey Krrscu- 
Coordination P ds, Models of metal 
152 
Copper and arsenic, Separation of in quali- 
tative analysis. Joun T. Stock...... 402 


Copper and cadmium, Identification of —a 
method without the use of KCN. 


Hetew'G. 403 
Copper group (the alkali metals). Dem- 
onstration abstracts................. A401 


Copper(II), Separation of from cadmium 

(IT) in qualitative analysis. CLIFrFoRD 

C. Boyp anp Witiram K. Eastey.... 406 
Coulometer, copper, for use with large cur- 

rent. Davip ScHLAIN AND CHARLES 


Creative science and the men who make it, 
The nurture of. Metvin Catvin.... 428 


Cryoscopic solvent, Camphor as a. E1- 
woop R. SHaw anp Earte R. Carey. 355 
Crystal models, Permanent packing type. 
Matucoum E. 513 
Crystallizations, semimicro low tempera- 
ture, Apparatus for. Aaron L. BLunm 200 
Cumulative examinations for the Ph.D. 
degree. Artuur A. Frost anp ALLEN 


Cupric sulfate, hydrated, The vapor pres- 
sure of. Tuomas 8. Logan.......... 148 


Current research effort in the United 
States, Russia, and other countries, 


The. Bensamin T. Brooks......... 468 
Curriculum 

Chemical oceanography................ 123 
Chemistry for metallurgical engineers... 100 
Chemistry for nonmajors. 256 
Editor's outlook............ 163, 217, "375, 481 
Freshman chemistry at Cal Tech....... 248 
General chemistry. . 
High school and college: 3 54 
Soviet secondary schools............... 623 


Symposium—New ideas in the four-year 


chemistry curriculum........ . 164 ff., 248 ff. 
Technical literature................... 259 
Undergraduate seminar................ 254 
West German. . . 399 

Curriculum in at ‘the Univ 
of Minnesota. Z Z. Huevus, Jr....... 171 


Curriculum in chemistry at the Penn- 

sylvania State University. Joun R. 
Hayes, A. Witt Hvtcuison, anp 


Cytoplasm-particle linked euzyme reaction: 


a laboratory exercise. Grratp Lit- 


Daxrton’s law of partial pressures, demon- 
Decomposition of a metallic picrate, demon- 
Demonstration abstracts 
6. Ionization (continued)............ A21 


8. Equilibrium. Oxidation and _ re- 
duction......... A172, A215, A271, A311 


9. Atomic structure. Radioactivity. 

10. Group zero (inert gases) and the 
atmosphere. . A364 

12. Group I. The alkali metals. The 

13. Group II. The alkali earth metals. 
. A402 


The zine group. 
14. Aluminum. The ri rare earth snstals... A517 


15. Boron and silicon................. A5I7 
16. Carbon and its inorganic com- 

pounds. . eck A518, A549 

17. Nitrogen chemistry A550, A625 

18. The phosphorus family........... A626 
Demonstration kit for popular lectures, A 

talk and. L. DanNLEY....... 457 

vals A35 


Dense liquid demonstration. ... . 
Density, buoyancy, non-miscibility demon- 
Determination of stability constants of 
complex inorganic species in aqueous 
solutions, The. R. Stuart Topias... 592 
and service. L. Quin- 
LIVAN. 
Device for measuring vapor pressures, A. 


STANLEY TANNENBAUM.............. 41 
474 
Dialysis, Studies on the use 

tubing for. W. Devor 

354 


CHARLES ANDRE........ 
Diazo compounds, Peter Griess discoverer 
of. Sister Hernes, §.C.N. 187 
Differential thermal analysis apparatus. 
Donatp F. ARSENEAU.............. 130 
Diffraction, X-ray. Apa L. RyYLAnp...... 80 
Diffusion of gases demonstration. . A341 
Dissociation constant of methyl red, The 
acid. (A spectrophotometric measure- 
ment.) StepHen W. Tosey....... 
Division of Chemical Education of A.C.S. 
A.A.A.S. Cooperative Committee on 
Teaching of Science and Mathematics. 362 


Membership statistics................. 270 
Norms for high school and qualitative 
244 
Officers and committee ehairenn for 
Program of visiting scientists in chemistry 160 
Reed College Conference......... 54 
Status of special graduate courses der the 
high school chemistry teacher. . . 417 
Treasurer's report 1958........ in 
Editor's Outlook (editorials)......... .1, 53, 107+ 
163, 217, 269, 321, 375, 427, 481, 533, 587 
EDTA and complex formation. A demon- 
stration lecture. M. B. Jonnsrton, 
A. J. Barnarp, Jr., anp H. A. 
Education, chemical- — then and now. 
Norris W. 18 
Education, technical, and development in 
an Indian environment. Rosert D. 
Effect of light on reactions, The (Textbook 
Ehrlich, Paul (P). 392 
Electrical methods of analysis. A. J 
Electricity production, demonstration. ... . 
Electrochemistry 
Conductivity demonstration... . . . A607 
Copper coulometer.................... 144 


643 
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Electrolysis of zinc iodide, demonstration . . 

Electrolyte problem, The present state of 
the. CHarues A. Kraus 

Electrometric microtitrations, Cell 
Vieror C. GARBARINI AND SIDNEY 
HEILVEIL 

Electron locator, An. Norman D. Weis 
AnD Joun S. MEEK 

Electrophoresis apparatus, paper, An in- 
expensive continuous. G. 
GLENN AND Hetnz A. JAEGER 

Element, The meaning of. Textbook errors 
xx 


Emich, Friedrich (P) 

Emich, Friedrich, Fritz Pregl, Fritz Feigl. 
Three Austrian pioneers in micro- 
analytical research. GrRALD Kainz. . 

Energy. Demonstration abstracts 


608 


A57, A117, A171 


Energy, Heat or electricity production, 
demonstration 

Entropy and the second law of thermo- 
dynamics using a minimum of calculus, 
A treatment of. Reep A. Howa.p... 

Enzyme reaction, Cytoplasm-particle linked : 
a laboratory exercise. Grraup Lit- 


Equilibrium 
C Aiti 
Le Chatelier’s principle 
Equilibrium. Oxidati 
Demonstration abstract 


A81 


A172, A214, A271, A311 


Equilibrium, Initial ratio of reactants to 
give a maximum yield of products at. 


Equilibrium, Kinetic studies of systems at. 
Gorpon G. Hammes AND LUTHER E. 


Error, Titration, in potentiometric pre- 
cipitation titrations. James O. H1s- 


Error treatment, An amperometric-kinetic 
experiment emphasizing the importance 
of. Jay A. Youne anp Rosert J. 


Estimation of Avogadro's number. 
Kine E. K. NEIsen... 

Ethylene at atmospheric pressure, Poly- 
merization of, a demonstration. AL- 
BERT ZiLKHA, Nissim CAIDERON, 
JoserH RABANI, AND Max FRANKEL.. 

Exact colorimetric pH determination. D. 


Examinations 
Editor’s outlook (Nov.)................ 
Examinations, A.C.S. cooperative, Con- 
densed norms 
Examinations, Cumulative, for the Ph.D. 
degree. ArtTHuR A. Frost anp ALLEN 


Experiment on sampling, An. Joun 
BisHop 


Face-centerED cube and cubical close- 
packing, The. E. pe Barry BARNETT. 
Failures in general chemistry, Predicting. 
Nextson W. Hovey anp ALBERTINE 


Feigl, Fritz (P) 
Film reviews 
British films 
Fixation of nitrogen. Demonstration ab- 


Flow indicator, Simple. P. J. Apice 

Fluosilicic acid. Ervin Couton.......... 

Formula index, Simplified stoichiometric. 
HerMAn SKOLNIK AND JANE K. Hop- 


Freshman chemistry laboratory at the 
California Institute of Technology. 


Fuels, nuclear 


471 


611 


201 


146 


198 


Functional groups by chemical methods. 
M. G. YaxuBix 

Fused ring systems. Ropert G. Krupp 
AnD MicHaEL Konpas 


Gases, Relative density of, demonstration. A167 


General chemistry 
Borax solubility experiments 
The Brown experiment in chemical 
education 
Chemical concepts and 
chemistry curriculum 
Chemistry 
Coordi ti p 
Electron locator 
Integrated course with physics. . . 
Molecular weights experiment 
Stock nomenclature 
The Tufts approach 
Valence chart 
General chemistry, Predicting failures in. 
Netson W. Hovey AND ALBERTINE 


General chemistry via television. 
SLABAUGH AND Conran V. Hartcn.... 
General education 
Atomistic ideas 
Geochemical pr 
Morais F. Stusss 
Geochemistry 
Symposium on chemistry of the sea 
Geometry, Chemical—application to salts. 
Tuomas R. P. Giss, Jr., AND ANNE 
WINNERMAN 
German (West) education system, Chemis- 
try and. Herspert M. ScHoen 
Gibberellins and plant growth. CHARLES 


Gibberellins and plant growth demon- 
stration 

Glasses. Demonstration abstracts 

Grades of chemicals. James C. Ramsey, 


Griess, Peter—discoverer of diazo com- 
pounds. Sister HEINES, 


Harpix, L. (P). Watrer A. 
Scumipt NorMAN KHARASCH 
Harvey Mudd College, Chemistry at. 
A. CAMPBELL 


High school chemistry 
A.C.S. examinations review 
Central theme. 
Content outline 
Inductive teaching 
Student essay 
High school chemistry teacher, The status 
of special graduate courses for 
High school science—looking backward. 
Sipney Rosen 
History of Chemistry 
Allen, William 
Jean Beguin's textbook 
Camphor for cryoscopy 
Ehrlich, Paul (P) 
‘Emich, Friedrich (P) 
Feigl, Fritz (P) 
Griess, Peter (P) 
High school chemistry 
Kekulé 


Nobel prize winners 
Oceanography 
Pregl, Fritz (P) 
Preparation of hydrogen sulfide. ........ 
Rise of high school chemistry (L) 
South Kensington Musem 
Von Welsbach, Carl Auer 
Hydrazobenzene and azobenzene, 
small scale preparation of. A. I. 
Voge, A. WATLING, AND J. WATLING... 
Hydrogen sulfide, The laboratory prepara- 
tion of: a historical survey. E. E. 
AYNSLEY AND W. A. CAMPBELL 


Ipentirication of copper and cadmium—a 
method without the use of KCN. 
HELEN G. Hustep 

Improved magnetic rotation apparatus, 
An. Tuomas N. Dopp, Jr. 

Independent study programs for freshmen. 
Pauw H. CARNELL 

Indian environment, Technical education 
and development in an. Rosert D. 


Indicators in glacial acetic acid, Acidity 
measurements with. W. 


Inductive teaching at the secondary level. 

Sister ErnesTiNE Mantz, 8.C.H 
Industrial applications of ion exchange res- 
R. M. WHEATON Anp R. E. An- 


Industrial research analysis symposium 
Introduction to symposium 
Development and service 
Functional groups by chemical methods. . 
Electrical methods of analysis 
Analytical separations 
Infrared spectrophotometry 
X-ray diffraction 
Instrumental analysis and physical meas- 


Continuous analysis 

Industry helps chemistry teaching: 
gram of M.C.A. EvpertC. Weaver.. 

Inert gases and the atmosphere. Demon- 
stration abstracts 

Inexpensive continuous paper electrophore- 
sisapparatus, An. Witi1am G. GLENN 
AND Hernz A. JAEGER 

Inexpensive, non-clogging, non-freezing 
buret valve. Crayton M. Crawrorp. 

Inflating of balloons. F. E. Conpon anp 
MICHAEL FryD 

Infrared spectra of chemisorbed molecules. 
R. P. Erscuens 

Infrared spectra, Origin of characteristic 
group frequencies in. Davin A. 


Infrared spectrophotometry. D. R. Joun- 
SON AND R. E. MoyntHan 
Infrared spectroscopy, The integration of, 
into organic qualitative analysis. 
Initial ratio of reactants to give, at equilib- 
rium, a maximum yield of products. 
E. Hastam 
Inorganic chemistry 
Analogues of ammonium 
Chemical geometry 
Clathrate demonstration 
Fluosilicic acid 
High-temperature compounds 


Group V A demonstrations............ Aé2 


Isoelectronic molecules 
Liquid range 

Metal-carbon bond 

Orbital theory 

Reduction of carbon dioxide 
Stability constants 

Stock nomenclature 


Inorganic coordi 
eral chemistry. 


Instrumental analysis and physical meas- 
urements. R.C. VoTEerR 

Integrated introductory course in physics 
and chemistry. Epwarp L. HAeniscu 
AnD Lewis S. SALTER 

Integration of infrared spectroscopy into 
organic qualitative analysis, The. 
Rosert T. CoNLEY 

Ion exchange, Cation analysis by, for the 
course in qualitative analysis. Joan 
B. Berenp, Livon1a B. WEstcorTT, 
AND Epwin O. Wua 

Ion exchange resins, Industrial applications 
of. R. M. Wueaton anv R. E. 
ANDERSON 

Ionic equilibria. Demonstration abstract. . 

Ionization. Demonstration abstracts... . 

Isoelectronie molecules. Ricnarp G. Git- 


Electrode potentials—hydrogen and chlo- 
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of Cuemicat Epucation Notice 


K: xvté, August, and the birth of the 
structural theory of organic chemistry 
in 1858. O. THEeopor Benrey, trans- 


Kinetic molecular theory and the move- 
ment of molecules and ions, demonstra- 


Kinetic studies of systems at equilibrium. 


Gorpon G. Hammes anp LuTHER E. 


L.. soratory aid to speed up filtration, A. 


Facing 639 


21 


A35 


611 


Leocoratery apparatus 
Loboratory experiments 
Amperometric-kinetic................. 146 
Analytical forfreshmen................ 248 
198 
Azobenzene and hydrazobenzene....... . 40 
Boiling-point elevation. ............... 412 
Dissociation, methyl red (spectrophoto- 
358 
Qualitative analysis notes............ 401-407 
238, 296 
Reduction of oxides. 242 
Three-component phase study.......... 510 
Laboratory preparation of cellophane. 
Laboratory preparation of hydrogen sulfide, 
The: a historical survey. E. E. 
AYNSLEY AND W. A. CAMPBELL....... 347 
Lavoisier, Antoine-Laurent, and the French 
Revolution. Denis!. DuvEeEN. 
Lead, A new short method of separating 
from bismuth, copper, and cadmium. 
Le Chatelier’s principle, Apparatus for 
illustrating. W.C. Tucker, Jr...... 411 
Lecture demonstration 
Aromatic substitution. ................ 342 
517 


Le Chatelier’s principle................ 
Polymerization of ethylene (demonstra- 


Vinyl polymerization.................. 
Laboratory, general chemistry, Research 
project for. Jean ScHwoLow........ 
Le Chatelier, common sense, and “meta- 
physics.” ANTHONY STANDEN..... 
le Chatelier, scientific principle, or ‘‘sacred 
cow.” 
Length of the liquid range for a pure sub- 
stance, The: a molecular interpretation 
Let's start teaching science. CHARLES 
ARTHUR COMPTON............ 
Lebig, Nobel prize winners descended 
from. SACHTLEBEN.......... 
Lignin as a raw material for the production 


of pure chemicals. Irwin A. PEARL... 
I mitations of the radioactive tracer 
method. RosertR.HENTz......... 


Liquefaction of NO: as a student experiment: 
a temperature-sensitive stirring rod. 
Rosert D. Eppy anp Samvuet R. 

Liquid range for a pure substance, The 
length of the: a molecular interpreta- 


Literature, technical, in the undergraduate 


527 


289 


curriculum. James WATTERS........ 259 
Logarithm of ‘“‘ten apples,” The. James 

Long-lived soap bubbles. A.L.KueuHner.. 337 


Maeneric rotation apparatvs, An im- 

proved. THomas N. Dopp, Jr........ 459 
Making lantern slides for immediate pro- 

jection. James ROSENFIELD......... 314 
Mapping the thermal thicket. Jesse H. 

Meaningful teachi of phase diagrams. 

Norman O. SmiTH............- 125, (L)367 
Meeting the d d for prof 1 chem- 

ists. Frank E. Brown............. 433 


Mercury(II) salts, Analysis of with thio- 
acetamide. Norsert ISENBERG, ET 


Mercury(II) salts, thioacetamide and, Prod- 
ucts of the reaction between. Jonn 


Metal-carbon bond in metal alkyls, The. 
Metallurgical engineering, modern, 
role of chemistry in. ArTHUR A. 
Burr 
Metallurgy 
Nuclear reactor components............ 


404 


381 


534 


Metallurgy. Demonstration abstracts. ..A401 


Microanalytical research—three Austrian 
Fritz 


pioneers: Friedrich Emich, 
Pregl, Fritz Feigl. Gerrautp Karnz.... 608 
Microreaction Block, A. Harry P. 
Minnesota, University of, Curriculum in 
chemistry at. ZZ. Hvueus, Jr......... 171 
M.1.T. plan for undergraduate chemical 
education, The. Daviw N. Hume..... 176 
Mod: of me‘al coordination compounds. 
152 
Molec:, - uodels with variable bond angles. 
ght determination by boiling- 
ievation. Enno 
‘ . Visser, AND IRENE OppPEN- 
Mole frac ion, The meaning of. Textbook 
errors. J.M. Bisvoer anp A. F. Peer- 


Naxcorics. Qualitative identification of 
by spot test examination. KENNETH 


National Cooperative Undergraduate Chem- 
ical Research Program. ETHALINE 
Cortetyou anp W. P. 


National Science Foundation science facult 


National Science Foundation sponsors sum- 

mers institutes for teach of chemi 


Near East, The chemical and related litera- 
ture ofthe. LeoJ.Srevens......... 
New addition apparatus, A. Irvine 
Scueer anp Amepeo F. D’Apamo, Jr... 
New short method of separating lead from 


bismuth, copper, and cadmium, A. 
New England Association of Chemistry 
Teachers: 
Articles 


Ch | + to 


96 


278 


salts. Tuomas R. P. Gres, JR., 
Free radical chemistry in solution. 
High school science—looking backward. 
Inductive teaching at the secondary 
level. Sister Ernestine Marie, 
Making lantern slides for immediate 
projection. James RosSEeNnFIELD.... 
The role of chemistry in modern metal- 
lurgical engineering. AnTHUR A. BuRR 
The role of chemistry in the utilization 
of nuclear energy. Hersert M. 


The solubility curve of borax: a student 
laboratory experiment. Roperr D. 

A temperature-sensitive stirring rod; 
liquefaction of NO: as a student 
experiment. Rosert D. Eppy anp 
Samvet R. Jr......... 

Meetings 

292nd, Brattleboro, Vermont......... 

293rd, Boston, Massachusetts...... . 

294th, Providence, Rhode Island...... 

295th, Storrs, Connecticut............ 

296th, Camb:idge, Massachusetts... . . 

Annual meeting...... 


New ideas in the four-year chemistry cur- 
riculum, symposium..............- 164, 246 
New Zealand, The ch 1 and related 
literature of Australia and. Leo J. 
Nitrates and nitrites. Denonstration 
Nitrogen chemistry. demonstration 


Nobel prize winners descended from Liebig. 


Rupour (L)266 
Nomenclature 
397 


Nomenclature of phase transition. JAMES 


205, (L)528 


Noncarbohydrates, The utilization of, in 
pulping spent liquors. W.M. Haron. 
Nonmajors, The teaching of chemistry to: 


asurvey. Jack VANDERRYN......... 
Nonmiscibility, density, buoyancy demon- 

Notations in physics and chemistry. FE. A 

Notebook help in organic chemistry. Kurt 


Nuclear power plant core materials an 
fabrication. RopsertS.SHane....... 
Nuclear power program, The United King- 
Nurture of creative science and the men 
who make it, The. Metvin Catvin... 


Oceanocrapny, Analytical chemistry in. 
Dayton E 
Oceanography, A short history of, with 
emphasis on the role played by chemis- 
try. THomasG. Tnompson...... 
Oceanography, chemical, Training in. 
Norris W. RaKesTraw.... 
Oceanography, physical, Chemical aspects 
of. Joun Lyman Ropert B. 


Orbitals, The principle of minimum bending 
- of. Grorce H. Stewart anp HENRY 
Organic chemistry 
Acetylides (demonstration)............- 
Aromatic substitution (demonstration). . 
Bromination of alkenes and alkynes..... . 
Chemisorbed molecules. ............-.- 
Chemistry of taste............ 
Ciphered formulas... 
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Diazo compound discovery....... ..... 


Free radicals. .... ede 475 
Industrial research analysis (symposium) 
Infrared frequencies.............. 629 
Nylon demonstration.................. A607 
Oxidation of propionic acid............. 207 
Polymerization of ethylene (demonstra- 
Structure and biological activity. ....... 142 
Symposium on wood as a chemical raw 


Notebook help in. 
Organic qualitative analysis, The integra- 


Organic chemistry, 


tion of infrared spectroscopy into. 

Ropurr T. 453 
Origin of characteristic group frequencies 

in infrared spectra. Davin A. Dows.. 629 
ORINS summer institute programs, Radio- 

isotope experiments in the. Raupnu T. 


Overman, Davin L. Corrry, AND 
Our national water resources. A. P. 
Oxidation and reduction. Demonstration 
A172, A215, A271, A311 


Oxidation of propionic acid with chromic 
acid at 120°C.,-The. Mas Htrscu- 
Oxides, Reduction of, by hydrogen. Wit- 
L. MASTERTON AND JosePH J. 


Pacific Southwest Association of Chemistry 
Teachers: 
Articles 
Chemical research in Hawaii. Pau. 
Gibberellins and plant growth. 
Hardin, Willett L. Watuter A. 
Scumipt NorMAN KuarascH... 418 
On the origin of characteristic group 
frequencies in infrared spectra. 


Oxidation of prop acid with chro- 
mic acid at 120°C. The. Mas 
Hrmscuman TOCHER............... 207 
Personalities and trends. JoHn 
261 
Report on photochemical smog. 
Research and science teaching. W.A 
Some copies of Jean Beguin’s textbook 
of chemistry. Met Gorman....... 575 


Technical education and development 


in an Indian environment. Rosert 

Undiscovered compounds. 


The use of ‘‘parallel samples” in quali- 


tative analysis courses. GEORGE B. 
Officers, Northern Section.............. 364 

Patents, U.S. chemical, A simplified pro- 
cedure forsearching. J.G.Premo.... 353 


Pennsylvania State University, Curriculum 
in chemistry at. Joun R. Hayes, A. 
Wirt Huvrcuison, P. 
Periodic system of chemical elements, Types 
of -graphic representation of the. Ep- 


ware G. G. 415 
Permanent packing type crystal models. 
Matcoum E. Kennery............... 513 
Pharmacology 
Structure and biological activity. ....... 142 


Phase diagrams, Meaningful teaching of. 
Norman O. Smirn.............125, (L)367 


Phase diagrams, thermodynamic, Principles 
of. Herman Breser anp Ernest J. 

Phase rule experiment, A: The system 

lead nitrate-sodium nitrate-water. E. 


Phase transition, Nomenclature of. James 

pH determination, Exact colorimetric, D. 


Ph.D. degree, Cumulative examinations for. 
Artuur A.Frostanp ALLENS. Hussey 599 


Philosophy of science 


Photochemical reaction of hydrogen and 


chlorine, demonstration.............. A81 
Photochemical smog, Report on. Lewis 
Photochemistry 
Demonstration abstracts............... A117 
Photography 


Demonstration abstract..........A4118, A171 
Photosynthesis story: a case history. MeL- 


Physical chemistry 
Acidity measurements................. 
Amperometric-kinetic experiment...... . 
Conditional equilibrium constants...... . 282 
Dissociation, methyl red............... 514 
High-temperature compounds.......... 453_ 
Hydrated cupric sulfate................ +48— 
Enflating 2037518 
Infrared frequencies................... $29 
Kinetic equilibrium................... 
Le Chatelier’s principle............. _ 132, 133- 
366 
Metallic sulfides Kep................... 
Phase rule experiment....... ......... 510 
Photochemical smog.................. 310 
Polymer 178 
Radioactivity caleulations.............. 414 
Teaching phase diagrams.............. SIC 
Textbook errors: mole fraction... . ,240, (L)636 
Physical chemistry, Teaching. Forty years 


of change. FARRINGTON DANIELS.... 322 
Physicochemical aspects of the sense of 


taste, The. Lioyp N. Fercuson anp 
Agtius R. LAWRENCE............... 436 
Picrate, metallic, Decomposition of a (demon- 
Plant growth, Gibberellins and. CHARLES 


Polarograph, Achemica!. W.E. Harris... 408 
Polycyclic aromatic compounds, Represen- 


tationof. THroporel. Bieser...... 235 
Polymer chemistry 
Nylon demonstration.................. A607 
Polymer latex, Preparation of a, demon- 


Polymerization of ethylene at atomospheric 
pressure, a demonstration. ALBERT 
ZitxHa, Nissim CALDERON, JOSEPH 
RABANI, AND MAX FRANKEL.......... 344 

Polymerization of vinyl monomers, Anionic, 

a demonstration. ALBERT ZILKHA 
ALBECK, AND MAX FRANKEL. 345 
Polymers, synthetic high, Structure of. 


Potentiometric precipitation titrations, 
Titration errorin. JamesO.Hrssits.. 201 


Precipitation of rubber latex demonstration. 
Predicting failures in general chemistry. 
Nextson W. Hovey ALBERTINE 


Predicting success of junior college students 
in introductory chemistry. 
E. Kunuart, Lione, R. OLSEN, anp 


Rooesr 8S. Gammons................. 391 
Pregl, Fritz (P) 
Preparation of a polymer latex demonstra- 
Present state of the electrolyte problem, 
The. CuaruesA. Kravs........ 
Pressures, partial, Dalton’s law of, demon- 


Principle of minimum bending of orbitals, 
The. Georce H. Stewart anp HENRY 


Principles of thermodynamic phase dia- 
grams. HerrMAN BIEBER AND ERNEST 
Problems in chemistry, Solution of. 
Everett A. TROUSDALE............. 299 
Proceedings—See Pacific Southwest Associa- 
tion of Chemistry Teachers 
Processes regulating the composition of sea 
water, The. Epwarp D.GoLpBERG... 116 
Production of chemical cellulose from wood, 
The. Berwyn B. THoomas........... 193 
Products of the reaction between thio- 


acetamide and mercury(II) salts. 

145 
Projector, overhead, Some demonstrations 

with the. C.W.KEEnNAN............ 36 


Propionic acid, The oxidation of, with chro- 
mic acid at 120°C. Mas Hirscuman 


Pyranose structure of glucose, The. S. 
302 
Pyrex-detection system, A simple. H. 
BRADFORD THOMPSON............... 569 
Qualitative analysis 
Anions by element............... 
History of hydrogen sulfide............. 347 
Metallic sulfides 339 
Notes on procedures................. 401-407 
363 
Thioacetamide and mercury(II) salts..... 148 


Qualitative identification of narcotics by 
spot test examination. Kenner F. 


Quantitative analysis 
A.C.S. examinations review............. 245 
Quantitative analysis in the training of chem- 
ists. A.A. BrNEDETTI-PICHLER...... 303 
Quinol-H2S clathrate compounds demonstra- 


Rapioactive decay calculations without 


calculus. B. GUENTHER..... 414 
Radioactive tracer method, Limitations of 

the. 625 
Radioactivity. Atomic Structure. Dem- 

onstration abstracts.......... A311, A363 


Radiochemical techniques, Some conveni- 


ent laboratory experiments in. CLYDE 
R. AND Linwoop Morton.... ~38 
Radiochemistry 
296 
Limitations of tracer method........... 025 
Radioisotope experiments in the ORINS 
summer institute programs. Pa.LPH 
T. Overman, Davip L. Correy, 
AND A. Muse..............- 6 


Random downstream migration of mole- 


cules in chromatography, The. J. 

88 
Rapid preparation of 6-6 nylon, demonstra- 

Rate of reaction. Demonstration abstract. 


Reactivity, relative, of acetylenes and ole- 
fins toward bromine. Ra DANIELS 


4 
Reduction of carbon dioxide, The. JEROME 

HOLLANDER AND LEONARD SPIALTER. . 16 
Reduction of cupric ion by white phosphorus , 
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dents Reduction of oxides by hydrogen. Wi 
LLIAM L. MasTerToN anv Joseru J. Demo, 
ttea 391 Ree! College Conference on the teaching 
nstra- Rel: tive density of gases, demonstration... . A167 
oh 245 Rer oval of ions by methathesis reactions, 
sree 324 Re; rt—See New England Association of 
Chemistry Teachers 
ose, ALGT Re ort on photochemical smog. Lewis H. 
ENRY Re: -esentation of polycyclic aromatic com- 
pounds. THEODOREI. BIeEBER....... 235 
dia- Re arch and science teaching. W. A 
Re-varch project for general chemistry 
of. laboratory. ScHWOLOw........ 416 
s+e+ 299 Re-earch, The current effort in the United 
beta- States, Russia, and other countries. 
BENJAMIN T. BROOKS................ 468 
sea Re ised inorganic (Stock) nomenclature for 
G... 116 the general chemistry student. RoBEeRT 
498 Rocketry, amateur. James E. Boaas...... 376 
hio- Roie of chemistry in modern metallurgical 
alts. engineering, The. ArTHurRA. Burr... 100 
tee 145 Role of chemistry in the utilization of nuclear 
ions energy, The. HerpertM.Cuark.... 264 
-+» 36 Rubber latex, Precipitation of, demonstra- 
{AN 
8. So fety 
302 Amateur 376 
H. Sampling, An experiment on. JoHN A. 
Schematic representation of valence, A. 
541 
Science Museum, South Kensington, Lon- 
545 don, England, The. FRANK GREENA- 
. 339 Science teaching, Research and. W. A 
363 Sea water conversion: a key to water con- 
148 servation? KenNnetH HICKMAN...... 221 
ee 68 Sea water, The processes regulating the 
by composition of. Epwarp D. Go.rp- 
F. 116 
96 Second law of thermodynamics using a 
minimum of calculus, A treatment of. 
m- Seminar, undergraduate chemistry: a sur- 
. 303 vey. James W. Hacxert,O.P...... 254 
a- Seminars with audience participation. 
Senses as indicators in volumetric analysis, 
it Separation of arsenic and copper in qualita- 
tive analysis. JounT.Srock........ 402 
yf Separation of copper(II) from cadmium(II) 
. 625 in qualitative apalysis. Cuiirrorp C. 
Boyp anp K. Eastey........ 406 
A363 Separations, analytical. S. Dat NoGare 
B Shorthand and typing for the chemist. 
238 464 
‘ Short history of oceanography with empha- 
oe sis on the role played by chemistry, A. 
Tuomas G. THOMPSON............... 108 
Silico and boron. Demonstration ab- 
Silver acetylides cemonstration........... A387 
6 Simple method for the detection of soluble 
bicarbonates, A. ANANTA GOPAL 
88 Siplified procedure for searching United 
States chemical patents. J.G.Premo. 353 
Ann7 Si nplified stoichiometric formula index. 
HerMAN SKOLNIK AND Jane K. Hop- 
Si.all seale preparation of azobenzene and 
of hydrazobenzene, The. A. I. 
A. Warina, ann J, WATLING......... 40 
8: og, photochemical, Report on. Lewis 


bubbles, Long-lived. A.L.KuEHNER. 337 
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Solubility curve of borax, The: a student 
laboratory experiment. Rosert D. 


Solubility of phenol in carbonate solutions, 
The. Textbook errors XX........... 
Solubility product constants of the metallic 


sulfides. Witt1am H. WaGGoneR..... 
Solution of probl in chemistry. Eve- 
Solutions demonstration. ................ 
Some aspects of technical translating. Ian 
Some convenient laboratory experiments 
in radioch 1 hniq CLYDE 
R. D. anp Linwoopv Mor- 


Some copies of Jean Beguin’s textbook of 
chemistry. Met GorMAN........... 
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